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ERRATA SHEET

bugust 12, 1960

Subject: Symposium on Solar Cell Power Systems for Space Vehicles -
Yeeting Notec dated May 3-b, 1960 '

The following chenges should btz incorporated in the subject report:

Page 4B, 1ot pora. Change to reed "The resin that is ueed on the
Renger soler panels is GE's silicom rubber RTV €0 for the bonding
agent for colar cells to substrate, end Furane & Plactice 15E resin
is uezd to bond glass slides to the cells.”

Pare 72, 1ot line. Change 18 or 19" to reed "16 to 18",

Page Th, 12th line. "Tae vehiele is degipned to operate ctobilized
only by splo~ing.” chould reed "Tae vchicle is epin-gtnbilized for
seven days only."

an

Fare T4, 19th 1line. Chonge "recharged” to “Dicchorped”.

Fare 75, 1ot line.  Chenge “ic choun in Fip. 55" to roed "is chom
on page 169."

For2 75, 2nd pora., 3rd line, Chenge "OV roflective coating” to
reod OV obcorption coabing”.

Pora 75, bih para., 2nd line. Chenre "hold the glasc” 4o rood
"hold the eells” end “of the ecllc” %o rood "of the plass.”

Farz 76, 1ot lino. Chenge "the moin bottory ic nickel eodnbw”
{0 read "the rochargad tettories cre nickel ecdodw:m. ™

b u‘m : ::‘:XT-ECHS
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ERRATA SHEET (Cont'd)

Peex (T, 18t pave. “hange to read a8 follows: '
"g. 14l4: For this particular satellite, the first of
the Courier series of communication satellites, the planned
orbit will have a period of 109 minutes, 70 minutes 1light
period end o waxboun dark period of 39 minutes st en altitude
of 500 miles. A program of ijnterruvgations will be conducted
to rvaluate Lhe per{‘uzmauca of the cumumicabions system.
wm: peek loed 18 2k watts and the average or coutinmons
loed is 12.2 wetts, The deelpn voltage 1s 28 fg volts. The
pesk powur aveilable from the sular power supply will be in
the order of 60 watts minimum. Due to limited epace avail-
able for the solar cells on the 51" dismeter sphere, the
power capability of the solar power supply 1s rather limited.

b. 1hh: There are a total of 19,152 1x2 cm solar cells
in the power supply. They are arranged in 228 modules, each
having 84 cells in series, in 7 cell shingles with 12 shingles
per mudnle. There is & blucking 4icde frr each module. There
aro 114 mdnles, 1n parellel, for Lattery A and 11k modules
fur bebtery B, (Ree Fig. 565 The meximum power capability
vill be in iLe area of the equator. Battery-sular cell con-
nections ere showy in Figure (57).

e, 1lhib: Trese rerticular betteries are rated at 12
erters hours with 22 cells in series (ectually two 11 cell
toe ) in series. They are similar to the batteries developed
oo «¢d mrd have a pressure relief valve set at 2(0 psia.
T+t .. their (Philes) thermi analysis, they don't enticipate
t ooy temperstures kigher than 90°F.  Solar eell and battery
t.. rerctures, charge and Afscharges volteges and curreuts will
be monitored."

Page 76, last pera., next to last lime. (hange "and iy 4o 011"
to read "end skin to sphere'.

Page 79.

8. ‘Third Feragreph - Comuent made by 156, not 1M
b. Fourth Paragraph - Camank mwede by 187, b 57,

2
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ERRATA SHEET (Cont'd)

Pages 88, 89 and 90. Delete and substitute attached pages.

Page 91, 1st line. Should read "XI. Radiation Demage (data
from J. A. Ven Allen)". : ’

Page 91, Chart, last line under "Particle Type! Change "180 dev
protone” to read 180 kev protons’.

Page 92, 2nd line. After "(Per Nature (London) 184" delete "219-
25%%ri§§§77"““"

Page 93, last line. Should read "Excerpts from J.A. Van Allen
Mem to N.A.S.A. regarding solar cell protection from NASA
payload S-U6, which later failed to reach orbit.

Page 131, Fi'grgre 54, Change "10 D cells Ag*7n" to read "10 D
cells Ni-Cd.

encls: Revised pages £8, £9
and 90 of subject report.
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TR e S
XI. Discussion of Radiation Demage to Solar Cells -

Dr. W. C. Cooley, NASA, Washington, D, C.

138. I want to outline some of the problems of radistion
damage to solar cells as I see them. Basically, they fall into
three categories: (1) What do protons end electrons do to a
golar cell; (2) what is the flux of protons and electrons in
Ven Allen belt and (3) what do you do about 1t? One of these
volnts is covered in date by Rappaport and Lofersky of RCA who
found that with protons at 17.6 Mev energy & bare solar cell
will degrede to 75% of its output after an integrated flux of
3.5 x 10lo rotons. This 15 & very high energy proton and we

cme
do know how many protons are sbove this range in the lower Van
Allan belt. The measurerents mede o far measure only electrons
above ancut 40 Mev. The other data from Fappaport was for 1.7
rev electrons. Yith é total dose o' 5 x 1013 eleetrons/cme, the
solar 2ells will suffer & 25% degradation. Dr. Shelton, in his
Huntsville studies, has made en analysis to predict the life of
folur celis in the radiaticn *elt, taking into szccount one set of
film pack data on the vrotons bty Freden and Uhite. The reference
cn the emuleion measurement is Physical Review, letters to Editor{
Vol 3, He. 1, P 9, July 1, 1959. These protons are in the middle
of tﬁe inrer Van /1len telt at an altitude cf 1209 e, In the
question of whet is up there‘are tﬁo factors; one, whst ig the
flux of protons and electrons: and what is their enerpy distribution

as & function of eewtion~-{fSee Fig. £1) Positions of the lower
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end outer Vaﬁ Allen belt are fairly stable, but there is a problem
of time variation of the oﬁtex' belt due to such phenomene as
golar flares. The flux of soler-flares swéeps out the outer
Van Allen belt énd you then have & fairly low density in that
belt, but then it builds up again. We have no idea what the
low eneréy proton denslty is. Ve think both belts are
electrically neutral; i.e., the number of negative and positive
charges are equal, but their wvelocities, and hence their fluxes
will be different. Electrons and protons ere reflected between
the North and South poles, due +to the magnetic mirror cffect

Regarding protection for cells, you heve heard deta from GE
on the use of glass, and it 1ooks like quartz or cerium glass is
a possibility. For a 2k.-hour satellite no one will make a firm
estimate, tmul possibly 40 70 mils of eless will protect for
two years in a 2hk-hcur orbit This it not e firm ectimate.
Tne other possible methed would be to make use of the eannesling
thencrencn, it the 2¢lle run hot enoush.  The radiation danmage
congiste o the disrlecement of silicon atoms iz 3 reeion near
the p-n junctiomn, which dogrades the minority carrier lifetime.
Taie results vrimerily in n l1oss of current carrving caparity of
a cell. Van Allen rointed out that it takes e thickness of gless
of 2£0 milligrans per square ~m to ctop 78D kev elertrons, and
that weight ecorresponds to adding about one half pound square
foot 0 the area.

147, If you put more and more mass on front, it may tecome
the rtructural member, tut you still have to have equsl protection

fore and aft.
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138. Ve want to get experiments going on cells with or ;
without glass protection at various proton energy levels going
down to 200 kev and some further checks of the protons at 10 mev
and‘20 mev. |

147. An edditional problem of irradiatiop in the shadow
zone must be considered. In this condition you cannot méke use
of high temperature annemling. Therefore, when the vehicle
reacquires the sun, both a thermal shock and annealing process
will have to be carried out simultaneously.

168. Ve elso need the integrated flux through these belts.

147. Are you familiar with the nuclear emulsion recovery
' package?

(13f. A little: they will rive us some data

147, TIts general onjective is an exploratorvy flight to
neasure low-energy particle density. It is scheduled for 1light
in less than a yeor. The other think would te to pet some
detector thot mensures protons and electrons thot can te mounted
on the skin that wil) meesure what happens in the fivst fow
milligrams of thickness.

1A%, Ploom of Iivermoce has recently ¢iven & paper on
solid-state scintillation counteres. ‘e have here & broad
research area - we want to get poing and we need experiments on
current flights to pet memsuremente up there and a tetter idea
of how to protect cells withcut adding one-half round of glass

per square foot to the skin.

90
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PREFACE

The purpose of this symposium was to bring 1ogether the engineers

responsible for conceiving, developing and construiting the solar ce1l

systems for.U. S.space vehicles which nave been flowz ¢r are to be
flown and exchangs informaticn on lbx rethods of desigi. anz wastruction,
research and developmect programs ard outstanding problsms associated

with these systems. The symposium more than mit my expectat ons botause

of the free excharge of information and perseveranie of ssverazl of the

.participants.

a

-

In of&gr to make'thé.;éluabli dis-ussions and informati.n availatle
toc the parti-ipants and meny otrers who 3re ergaced i roesearsth and
development of components GY SYSTAELS. a tape Walb made at the meeticg
The report was developed with some <ditirg as it came from t1:e tape.
Instead ¢f giving the rames of dis.usscre, a nunter i:: showr whizh
refers to a participant listed on pazs Tre meet.ing ar i report
was arranced zc:cord ng to specifis 2pace vehlrb s C~rrain ‘ata and
figures show: are not complete arnd irn some cascs not nighly «ucurate.
In the‘int_rESF of guickly provid:ing the informaticn ~ttaine {, the rzgrort
was develop«é =g enclosed for imm:dial- use Ly Spa.= vehi-le d@signers as
well.as for those who are intevested in :ri-i.ally -valuatine the colar
cell-nickel cadmiuﬁ POWET SYST:IS

It is requested tiat those noa:pariilipanis who have :rnformation

which was not made available at tris symposium sa0ull pre@arz & brief

paper with data, graphs and pi-tur-s for 1r..lusion 1 an adderdum

BEST
SECRET AVAILABLE COPY
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to be sent oul iu approximately two to three months. Those participants

S

e

: ' who feel that more complete and accurate material can be furnished than
that given at the symposium as found in the present report, should also
‘ prepare a brief report with respect +to0 their work. These briefs should
; be sent directly to (N. W. Snyder) for arrangement in an addendum and
distribution., Where possible, copy directly on mats would be

preferable.
/ o -
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Tntroduction - Dr. Nathan W. Snyder - ARPA

It 15 becoming more apparent that the electrical power supply for
space vehicles is an important consideration in designs of that vehicle
particularly where requirements’are several hundred watts and up. Ori-
entation of panels of solar cells is needed, otherwise unwieldy large
surface areas must be incorporated in the design. Reliability of orien-.
tation systems which have not been operated as yet is still to be estab-
lished. Furthermore, the nickel-cadmium battery as an electrical energy
storage device for use in partly shadowed orbits does not appear to be
as reliable as required (one to three years) particularly for low orbits
where cycling (charge and discharge) occurs every 90 minutes.

There are space flights which may require a short period of operation
only and therefore can use other than solar cell-battery systems. Research
and development is proceeding with solar concentratorsheat engine and
nuclesr power systems as well as research in special fields such as electro-
chemical, th rmoelectric, thermdnic, photoemissive, photovoltaic, dynamic
engine energy converters in order to provide more efficient, more relisble
or more compact and lightweight pover systems.,

The power system which is primely considered for specific space
vehicles is the solar cell-nickel cadmium system., Strong backup is being
supplied by the nuclear systems (isotope or fission) particulerly in terms
of relisbility for small or large power or compactness for large power.
There are many curves and charts available which show, paremetrically,
regions where solar cells, nuclear isotopes, nuclear fission, solar-
turbomachinery, and other combinations systems apply as a function of
KW/LB, KW and duration of operation. The fallacy of relying too much on
such pLots 15 that there are many other factore which affect a choice in
A power system such as nuclear hazards, launch forces, Van Allen radiation
and reliability. (See "Space Power" by N. W. Snyder, Proceed. 13th Annual
Power Sources Conf., Sig. Corp, May 1959 for some further discussions.)
For example, at 10 watts, the solar cell-nickel cadmium system for a low
orbit vehicle appears more feasible than a radioicotope-thermoelectric
rower source., One factor which appears overriding, though, is that the
relisbility of the isotope powered system is much greater than that for
the solar cell system primarily because of the batteries which have not
shown long cycle life time, I'm sure that discussions today and tounrrow
will clarify this issue. One must be careful on the choice of a power
system based on availability, reliability, and space vehicle system inte-
gration. Failure of a space vehicle due to the power source involves a
prorated cost of the whole cost of launching, boosters, etc. which may run
as high as 10 or 15 million dollars. At the present time, the only power
source which has been available is the solar cell-nickel cadmium one but
s low powered (5-15 watts) radioisotope-thermoelectric (Snap 3) 6 months
to 1 year lifetime system can be furnished also, Fission reactors with
thermoelectricity or turbomachinery will not be availsble for two to four

years. ;
1 .
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As higher power requirements are specified in the range of say 3 KW
to 300 KW, the solar cell systems appear more difficult to handle because
of size and difficulty of orientation as well as increased problems with
batteries, The nuclear reactor program will provide for such power
requirements. The AEC is developing the Snep 10, a fission-thermoelectric
system at 300 watts which has no moving parts, the Snap 2, a fission-
turbomachinery (using sodium and mercury) at 3 KW to 10XW is now under
ground testing., NASA and the AEC are developing the Snap 8 a growth
version of Sneap 2 but at 30 XW to 60KXW output which is now being started.
The Air Force will study in detail a 300 XKW fission-turboelectric systenm
with several new features (using Lithium and Potassium) for future
development possibilities.

This symposium will be restricted to discussing the present "State of
Art" of solar cell-nickel cadmium battery systems.

The choice between solar cell systems, solar concentrator systems,
nuclear power systems is not easy, bu: must be surely done in the final
analysis by the design engineers connected with space vehicles. Space
vehicle systems engineers should enter early into all discussions. This
has been well done by AFBMD with regard to the snap program.

I would like to introduce Major George Austin of AFEMD who has
cognizence of the space power work needed by the Air Force in its progreas.




SECRET

II. Discussion of Power, Sources - Solar Cells and some Aspects

of Nuclear Power - ngor G. Austin - AFBMD

Military vehicle power for systems in the next ten years fall into
two categories; one, several hundred watts, and another group of several
kilowatts. To be sure, one can go on higher and conceive of systems that usge
even larger amounts of powsr up into the megawattk range (1.e. electrical
propulsion and/or manned vehicles). But I think for the next ten years,
most of our military non-propulsive auxiliary power requirements will be
fulfilled by syé_tems on the order of several hundred watts and several
kilowatts. Now, in the several hundred watt area the solar-powered
system is, perhaps, the leading contender But there are things about it
that worry us. First of all, even in the power range which should be
manageable for a solar system, ore is forced to moving (oriented) arrays;
a static system seems out of the question, if simply only because of cost.
One then does have to have an array which moves, and moves in & complicated
continuous and discontinuous fashion. We are also concerned with solar cell
degradation about which I am sure you will hear much today; degradation due
to protons, metearites, etc. We eare also concerned with the compatability
between large moving arrays g&da the veaicie itself. The drag which these
larger rays introduce at low altitudes may ke a serious problen;. Low
altitudes, incidentally, are, in <he opinion of many people in the field, the
most militarily significant. |

Then, I think, most importantly, we are Just generally concermed about

the guestion of reliability for one year. As Nate Snyder pointed out, the

3
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secondary battery itself may be the limiting component of the power
system. We have confidence that solar power - systems will be |
developed. We, at the same time, feel that it is necessary to proceed
vigorously with a back-up '0fi: an entirely different approach and the
entirely different approach is an obvious one, the nuclear system.
Hence, Snap ten, which is the completely static puclear system. (A
reactor-thermocouple system, with a self-regulating negative-temperature
coefficient.) The degree to which we pursue this is dependent quite &
bit upon the progress which you people make in the solar-powered systenm.
In one sense, Snap ten is cdmpetitive with a solar-cell system.

In another sense, they are really not competitive when you take a
broader look at the future. We feel there will be a place for both
types of systems. There will be missions which one or the other gives
such an outstanding advantage that they really aren't competitive at all.

We do not expect to have the first flyable Snap ten units until
September of 1962. Whether or not we could at this point accelerate
the program and get in flight test earlier is something of a question,
but at least the question we will get some insight on today is whether
or not we ought to even try.

154: Is there any information available on the cross over point between
solar and nuclear power systems as far as weight is concerned?
MNaj.Austin: I think that in every survey that I am avare of, solare
povered systems dominate below 15 or even 30 kilowatts. However, weight
may be secondary to reliability.
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162: Major Austin, I'd like t¢ ask this question.‘ Is there any
reason right now to believe that, specifically, the Snap ten unit could
be more reliable thar the presently conceived solar cell unit?

130: That's a good question. The answer to that is we certainly
don't know and I think we can say we are fairly ignorant in both areas.
It's because of this ignerance that we are pursuing both. However, what
we do know about the Snap ten system, as far as reliability is con-
cerned, is somewhat encouraging 1In the ‘first place, one of the questions
which we've had all along is the possibility of the radiation damage to
the thermo-electric elements It has now been determined by tests at
Westinghouse that any radiation damage %o the thermal electric elements
is annealed out completely &t 330" F whick is far below the temperatures
at which these units qo vperate. The radiation damage no longer bothers
us with this type of device, and ke people working closely with it feel
that now, the main problem of systems involving thermo-electric materials
is their brittleness; 1 e. their a>111ly to withstand the conditions of
launch. These seem to b: the two prociems which people are most concerned
about. If they turn out to be cvercome, cther problems are presumed to
be straight-forward.

168: It has been pointed out trat we bhave turbo zachinery,
particularly in the big power piapts, that can run for two or three years at a

crack without any servicing at all under full power; however not at 60,000 RPM.
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ITI. Discussion of ADVENT and STEER - R. Karcher - G, E~M. 8. V.D.,
Fhiledelphia, Pennsylvania A -

147, Ve are concerned with the ADVENT and STEER programs which will require

higher powered systems than those to be ;nscussed.' This system vill use solar
cells for the energy converaibn and nickel cadmium batteries for energy storage.
I wculd like to outline the system approach being used in its entirety and then
we may go back and examine the details. The STEER vehicle is to be a commmi-
cations satellite in a 6 hour orbit and will require approximately 350 watis

peak power. The aversge power demand vill be approximately 200 watts. The
maximm dark period for this orbit vill be 45 minutes. The ADVENT progrem will
require 500 vatts continuous for its 24 hour cycle. The maximm dark period will
be T1 minutes. The vehicles resulting from both of these programs are to be
designed for a 3 year life. (See fig. la & 1b for load-time curve ond seheuntic)
The solar converters will be mounted on deployable arrays which will be .
continuously oriented to the sun. The design approach has been to analyze the
state-of-the-art and make performance prediction and then by laboratory tests
verify these predictions, We selected this approsch to economize on manpower
requirements. The predictions will be made in the form Of & graphical curve,
The tests vwill be selected 80 as to verify a few points on this curve. There-
fore, the entire curve need not be created vby testing - assuming tests results

show verification of the prediction. Lack of verification will point out areas
requiring additional evaluation. One of the tools vhich we are using in this
program is an electrical system analog. This snalog is being created in three
phases: simple, intermediate, complex. To give you an idea of the simple
analog - ve are making assumptions that (1) the conversion array is a large

single silicon cell and (2) the battery characteristics are a series of linesr
—6' .
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functions. You must appreciate that these are not the ultimate conclusions

but do indicate the problem areas as well\ as indicating the secondary consideration
that do not vumt maximum effort. This analog will take into account the

' optical consideration, the thermal aspects, the cell physics, the energy storage,

the system regulation, and the effects of paddle orientation.

In addition to the system enalog we are examining the circuit consideration
of solar cell comnection. In order to winimize the degradation of system per-
formance as solar celis fail we are looking at the relations which exist. Failures
due to meteorite impact, electron raiistion, and unrelisble soldered conmections
are those vhich ceuse this Ane.lysis. Ve are all aware that a given mumber of cells
must be connected in series to provide the system voltege; and that a given num- |
ber of cells will be réqmred in s parallel arrangement to provide the necessary
current. This study vill examine “he choices availsble to have the highest
reliability. One extreme csse wculd %e to have the ﬂecesury numbers of cells
connected in series strings to establisk -roltage and then to parallel the
required number of such stringe (this paralleling would be done only to the
pover buss). Any ceil failure ir thie arrangemert would cause the loss of the
remaining cells in 1ts string. The “ther extreme 1s tO parallel every Ahingle
vith the same shingie 1n an adjacent siring. In this configuration a shorted
cell would cause the 1083 of ail celis paralleled with it. Cﬁrmtly we have
taken the characterietic curves of 50 typical cells and use these as the basis
for the analysis. Approximately ten circuits which sppear to have merit have
been selected for the computstion. The expected results of this prograa vill
be a series of V-I curves showing the effects of probable modes of failures.

The testing to date has been concentrated on an evaluation of electrom

radistion effects. For this work we have estadlished an equivalent flux rate
- 7_
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‘and total exposure which will be the equiva.ient of that in & 6 hour orbit.
8ilicon cells, covered glasses, bonding materials, and structursl meterials
are being evalusted, (See photographs in the sppendix §-/)

Our simple anslog will be finished by the end of Mey. Initial radiation
testing has been accomplished showing the degradation of the silicon cell and
the discoloring of many cover glass materials. The battery tests are under way.
The major effort is devoted to nickel cadmium bdatteries, however, testing of
sealed silver-zinc and sealed silver-cadmium batteries are also in process.
The initial testing utilizes constant current charging and will shortly be
modified to charge wvith the characteristics and regulstion of a typical solar
i.rny. 'All ‘or the btttéxy tests vill be conducted on the same time cycle so
that for once comparable dats vill be available. The series-parallel analysis
has been programmed on & digital computer and initial results are expected in
June, ‘

The results of our preiininu'y design indicate that the STEER vehicle with
a 350 watt maximm requirement can be satisfied with a 4 square foot array;
the ADVENT vehicle vith a 500 watt continuous requirement will dictate an 80
square foot array. We are using a factor of 7.4 watts per square foot to
determine the areas required. The batteries are sized cn the basis of & 35%
overcharge snd & depth of discharge of 35% for the 6 hour orbit. The depth
of discharge for the 2k hour orbit will be higher - probably 60 to 70%.

130. You mentioned that the ADVANT vehicle requires 500 watts. Could you
bresk this up in terms of pesk snd average?

1k7. Currently we are sizing ADVENT on & 500 vatt comtinuous basis.

15k, Have you concluded sny particular srrangsment of series-parallel connec-

tions for your arrsy?
-8~
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147, We had made an initial study to exsmine this considersticn. (See figure 2 ).
From the figure we 'concede the series and parallel connections previously mep-
tioned. From the‘ preliminary snalysis we determine that the maximmm reliability
or the minimm pover loss would occur with 3 strings paralleled to mske a block
and each block paralleled to give the pover capacity. (See figure J )
The shape of this curve can b2 seen in figure __{_
150. This covers the probability for opens and skorts due to meteorites, bad
solder connection, or any other ~smuse. We ran the probability of failure from
10% open circuit - 90% short circuit down to a 50-50 rate. The results of the
analysis shov that the percentege tailure is not critical when you have an
optioum number of shingles paralleled. From this we conclude that the number
and the basis of failure is of samall consequence. The sharp break point of this
curve vas at 3 shingles per block fcr a 28 volt system. This may vary with
other system voltages. Tne basis for this analysis was a 5 cell shingle.
It would probably be better systexr iesign to use b or 5 strings in parallel
80 that failures would bring the system néarer to an optimm point. The
initial losses due to this increased paralleling are slight and the gain
resulting from a failure would be significant. This is a simplified study
and does not deal with & shift in characteristics. The digital computer
program will go into much moure qeteil in this area,
15k. You defined shorts hers -are toin storts to ground or shorts to snother
cell?
150, Both. We alsc took into consideration the location of these shorts.

1bh, Cen you give us scme indication of the results of your radistion damege

study?




147, (See figure5dd/) We are finding that as we go to the higher dose levels ~
ve encounter s thermal problem. The effect of the thermal problea is such that

the radistion rate must be held to & lov level to avoid heating the cell and
thereby masking the damage by annealing. This brings to ‘nind one of the most
important areas of r.d.itf;ion testing and that is the lov tempersture ares.

It is certain that the array vill be degraded during the dark portion of the
cycle as well as during the light portion and the effects will be much more
severe becsuse of the 1ov§r texpersture. We are nov making the necessary
fixtures for this lov temperature irrsdiation.

152. With the higher dtituAe vehicle also your responsidbility do you plan
to run tests at the lover dose levels?

147. With the sdvent of ADVENT we are planning to run lower dose rate tests.
The particle energy levels will remain the same but ve vill evaluste total
exposure from 10'2 on wp to 1016 electrons/sq. cm.

162. 1 have two questions on glass. nrst,‘ are the results you mentioned
those using quartz?! Second, how do you plan to install these on the array?
147. The covers used for the radiation testing were quartz. We are getting
semples of other cover materials and are now in the process of testing these.
We are rumming spectral response curves before and after testing to evaluate
the dsmage with differing exposures.

160. Are there any isolating diodes on this arrey?

1¥7. There will be isolating diodes on this array.

173. You didn't snsver the question about the means used to sttach the cells
to the arrays. Ihmmrmm-mmudmmtourmm
the cells to & exposure of 6 x 101%
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147. The 6 x 1014 exposure required roughly & 30 minute period. Thirty
hours was required for the 6 x 1016 dosage,
173. 1In your tests did you attach these or Just set them on top of _the cells?
147. The glass was just laid or top of the cells and a clamp vas ua;d to hold
it in position. The giass was nct tonded to the cells.
173. What do you propose to do tc bond the glass plates to the cells?
147. We are looking at two configurations. The first configuration 1l‘the
standard technique of shingled celis with each cell individually covered,
This assembly wouid in turn be bonded o an aluminum honeycomb substrait. The
second approach is what we are calling & plapar spproach in vhich the cells are
mounted on a flat surface inmediately adjacent to each other. The second spproach
'tppem to offer advantages of a structurai nature in as much as the glass may be
extended over many cells and because of its vhickness will have guite high
strength. The shingled conatructicn has a serious limitation from the assesbly
point of view in that the very tkin solder ureas are %ne only joint between
the heavy glass slides. (< oe fy. ¢¢7
162, Wouldn't it seem desiratls 4= test tbe adhesive as part of the cell cover
glass system? Othervise wouldr 't ¥ou have ‘i gc back and repeat all this testing
if you flunked the adhesive?
147, In the flat plete approuch tae cell berd to a substrait can be s metallic
bond (solder) and the cover gisas can be heil in position mechanically. This
could be accomplished by roiling the edges of a frame over onto the glass to
lock it in position. This has en sdded advantage because the chemical filler
betveen the cell and the glass must have only optical and thermal properties
Vith no requirement to be an adbesive.
170. What is the aversge efficiency of the silicon solar cell you are using?

-))=
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Can you describe how you define the watts per square foot figure?

147. We are planning to use solar cells centering around the 9% point. NWe
are faced with the technical-economic decision of picking a mumber for the
basis of calculation but not forgetting that it was an assumption. Here
again I might point out the versatility of the electrical anslog. With this
as a design tool compensation for later changes can easily be made. The T.h
vatts per square foot was based upon a shingled assembly vhere considerable
design information is obtainable.

173. What are the assumptions in your 7.4 figure?

(See appendix B-1)

151. You mentioned 15% degradation factor of glass slides. that is this
specifically attributed to?

147. This covers degradation of the transmission of glass under irrsdistion

and surface erosion. | '

160. Over what period of timet

147,  15% yearly.

173. What about the possibility of proton damage in your degradation calculation?
148, Let me get back to that 15§ for a minute. This is based on the understanding
that you cannot induce more than 15% loss of transmission due to micrometeorite
damege. Ve bave no plans to run proton damage tests at this time. We wnder-
stand that the dose is much smaller than that from electrons and expect its
effect to be less. This is sn opinion that we have received covering the 24 hour
situation.

-t
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138. What i8s your best estimate of the thicknens required for the 6 hour and

“the 24 hour designs?

1¥7. In the 6 hour orbit we feel that 70 mils will be required; 40 mils is our
best thinking for the 24 hour orbit.

130. what is the u‘bi;nt radiation you are assuming when you come up vith those
numbers - whose data - and what specific fluxes?

148, We are working on the dasiz of 10° electrons/sq. cm./second. For a three
year period this vould be on the order of 101+ electrons/sq. cm. total dosage.
For the STEER environment the number would be 108 electrons/eq. cm./second.
These figures are for elsctvon atove 60C kev. The threshold of demege for sili-
con cells is 145 Xev,

14k, The 145 kev vas established by Rappaport ind Lofersky of RCA.

170. Have you eny data to justify the use of a 50 to 60% depth of discharge

for the ADVENT program?

165. Considering one of the limiting factors cf evailable recharge tile’ve feel
that this is 8 reasonsble discharge isvel. ‘Upton Thomas of Bell Labs has an
equation which he uses tc calculate deptr of discharge.

£ .1 [rm,@ )(1+§)+é“]

Where: oC = rate or caarge in hours
+ = ratio cf dark % light periods
S = overcharge
d = selected constant for system
c = nominal battery capacity
I} = load current

For my purposes I remove 11 expressions with the 8 in it.
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The removal of the é\ expressions does not affect the battery design in as much
as it deals only with the solar array. One of the most important factors is _d:,__
which is the rate of charge that a beattery can accept. At the present I personally
feel that 8 is & limiting figure. You just den't charge these things at a greater
rate. Using the figure of 8 on a 6 hour orbit there is a depth of discharge no
greater than 35%. That 2lso involves a trade off study on the ascent power
requirements of the system. We decided to uﬁe one battery rather than using &
primary battery during sacent and a secondary battery during the cycling period.
On & 24 hour period this equation no longer establishes the criterion. With
approximately 23 hours to recharge the battery the of figure becomes mesning-
less. The considerations of depth of discharge for the ADVENT orbit (24 hours)
become somevhat meaningless based on the nature of the annual cycle, For the
first 22 days the dark portion of the orbit is continually decreasing in time
and about the 22"day it 1s nonexistent. This is followed by a period of
epproximately /36 days vhen there is no shadov time. (See Figure E)
When e talk about depth of discharge actuslly ve are speaking of a maximm
depth of discharge vhich only occurs during the longest shadow pericds. With
the orbit time deing constant and assuming & steady load your overcharge gets
ngemrmdmtcr. In our particular program we are going to test to an
spproximation of this cycle using & step function approach. Wben I say we
have & 755 depth of discharge on & 24 hour period it is the initial depth.
Dventually it will get down to a Of depth of discharge and 100$ Overcharge. -
In this program we are starting out with a 25% overcharge on the first step.
138. In a typical orbit of & 2k hour period vhat fraction of the orbit would

have any discharge?
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165. The maximm dark period is approximately 72 minutes.
138. But if your orbit is in the equatorial plane you are in the sunlight most
of the time, aren't you? '
165. There are about 40 days out of each 130 days during which some shadow will
occur. The biggest worry rfcm the battery point of view is the long continuous
overcharge not the discharge periods.
138. What is the longest period that these batteries have been tested on con-
tinuous overcharge?
132. About 97 days ago we started testing at 131 deg. F and we have been running
since that time at approximately the 9 hour rate. In a second te.:t ve have
achieved 3 years of continual overcharge at the 16 hour rate. This second
test is being run at room temperature.
154. What is the charge current vhen you refer to 100§ charge? your smbient
payload temperature? and the bat‘ery temperature at the end of the long over-
charge period?
165. We vill have an active t:mperature contzol and attempt to keep the tem-
persture around 75 Deg. F. I do not knov what the payload tempersture vill be.
162, 1Is there sny difference 1n the permissible charge rate betveen the sealed
cell and the batteries previcusly used?
132, We find that the glass-to-metal seal permits somevhat higher rates of
charge. We recommend an 8 hour rate for the sealed cell and comtinue to
recommend the 16 hour rate for the nylon gasketed cell. Figures given before
concerning the 3 year test refer to several cells of the nylon gasketed type.
At the present time tests are still in progress (and have been running for more
than & months) at the 8 hour rate on the hersetically sealed cell. These cells
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seem to be working very well. .
165. I might add that the particular cellsthat we are testing are the 20 smpere
power cells used by Lockheed. They have a teflon pressure seal and have been
running at an 8 hour rate of continuous overcharge for a period of a few weeks.
They have performed well and still deliver capacity. This test vas run using
forced coﬁiection cooling which kept the cells around 80 to 90 deg F. We also
plan to test gas leakage rates on dummy cells at 200 psi. using helium and an
appropriate leak detector. » )

130. I would like to ask Mr. Belove to explain the apparent q.nconsiotmcy
betveen the tests vhich were just quoted at 131 deg F and the recommendstion

of operation at 105 deg F.

132. I purposely eliminated one factor here. I thought ve might defer a dis-
cussion until the battery became the main topic. However, it looks as though
ve had better clarify the situation now. Within the last 3 months we have
begun to observe a limitation which results from a thermal problem. We have
discovered that the amount of overcharge - the rate of charge - depends
primarily on the temperature that is maintained in the cell. That is, the
higher the ambient temperature or the cell temperature the greater the degra-
dation effect upon the cell. We have found that if you operate these cells
around 100 deg F they will continue for long periods of overcharge, The figure
of 131 deg F is based upon performsnce of a nev separator that we have used.

We have introduced a teflon separator and are trying to establish the upper
temperature limit for these nev cells. We had made initial comparisons between
the cellulosic and the teflon separstor by running two cells at 2% hour com-
tinuous charge at 212 deg P. Cellulosic separstor hed shorted out in this period
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vhile the teflon cell lost 80% of its capacity - there vas no ligh of degradation.
The same cell on a subzequent room tempersture cycle gave us full capacity. We
have found one problem which has resulted from use of the teflon icpmtor. As

a cell is centrifuged the electrolyte moves out of thé separator region. This
effect does not take place over short periods of time but is very noticeadble at
the end of a long test. /

165. Our preliminary anslysis of the battery design for the 24 hour orbit shows
8 very low charging ratce vhich. may be a problem. IZ you assume a constant current
charge and design for a 50% deptk of discharge with & 25% overcharge you will find
that the equivalent charging wiil be done at & 40 to 50 hour rate. Prom our
experience the battery does not perforz as well at thege low charge rates as it
does at the § or 16 hour rates. 1 have figures vhich shov as much ss & 20§
capacity loss when geing frum an 8 aour rate to a 16 hour rate.

133. What bappens within taese electro-chemical cells in a zero G environment?

Is there any limitation 1mposad by the gases and liquids of the systemt

156. As far as ve kuov on PIONEER IV, V, and VI, TIRC3, and TRANSIT have
encountered these environmente and have apparently worked satisfactorily.

133, The examples you mentioned were all iow altitude flights vhere you have

an apprecisble gravitational field,

151, The above vehicles vere spin svabilized but other than this spioning

would not have any accelerstion forces «n the vehicle.

173. Quite & fev months agd va rroposed a pover supply to 3B in which we
Tecommended & 60% Aischarge. We bad quite s disagreement on the subject of
discharge depths. Since OB is nov proposing 60 to 706 depth of discharge I

would like t0 have more mfomtim on their decision.

—,7-
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165. When RCA made this proposal we vere both considering the STEER program.
The requirements of this program are such that an equivalent charging period

of & hours 1s all that is available for the batteries. This results from the
standby loads and things of that nature. If there is to be sny overcharge at
all then & 60§ depth of discherge would require charging st a 6 hour rate.

This is contrary to the recommended practice previously discussed.

173. The question really is concerning your testing. What have you been doing
or vhat is in progress to give you confidence in life vs. discharge?

165. Our cycling program just recently started and as yet we do not have any
results. However, under s Lockheed program as msny as 1400 cycles vere
accomplished vith & 50§ depth of discharge and charging st sbout 2} hour rste.
The results vere a bit marginal but the battery did not degrade. In fact, those
same cells were later taken and “"rejuvenated” and performed exactly as they did
vhen they were nev. I hope that answers the question.

13+, I would like to join Mr. Schulmen in saying that the 60% depth of discharge
is perfectly all right.

156. I guess it is generally understood that the limitation on overcharge is .
thermal limitation since the battery is s very efficient converter to hest in
the overcharge region. The thing that pusszles ms is that there has been no
effort msde to place a limitation on charging.

165. Recently I investigated pulse charge methods snd regardless of wvhether
the pulse charge is due tc a themal cut-off or a voltage cut-off, voltage fading
still occurred. There 4id not seem to be any advantage over s straight constant
current charge.

173. A similar system is being used on the TIROS satellite and will de discussed
later.
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161. Ve have been locking st a way of limiting the current on the end of charge.
Of course, ve are working on the 60/40 cycle. Ve have been putting Zener diodes
in & cireuit to limit the voltage at the end of chugé. Because the lowest vol-
tage diode that we can get to give a reliable cut-off is 6 volts we are using

a diode to limit 4 cells in series, This system works fairly well to cut off
current but it does not solve the temperature problem. The diode characteristics
shift with temperature and allow higher voltage charge at higher temperature,

We understand that a negative temperature coefficient has been developed and
might solve this problem. We are currently testing at room tempersture but do
plan to test at 120 deg ¥ smbient. Right now we are teking out about 25% of the
capacity on this 40 minute discharge end we find that if you stay within this 20%
voltage limit (from end of charge to end of discharge) that we have to put back
only 12 to 20% overcharge. This is based on a limited number of cycle so far.
137. You quoted a 20% loss in capacity in going from an 8 hour to & 16 hour
charge. What was your cycle depth? and what was your overcharge rate? What
was the percentage of overcharge?

165. This was not on & cycling basis at all. A group of 20 ampere -hour cells
virechargedat 3} emps for 8 hours and 1.75 saps for 16 hours. In both cases
you would receive about a 0% overcharge.

132, Mr. mmuataeuhbanpomtmaembeenamwm.Mmr-
charge vhere he's taking out 25% of the capacity. He finds that in going

below 10§ he cannot maintain his voltage level,

161. Ve hed planned to put in & 25% overcharge but using the diodes ve find
that we are only putting in between 12 and 20§, Agsin this is based on &
limited number of cycles but there is no evidence of fading. We do have a

/9
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serious problem of voltege distribution between the 4 series cells. We have
found individual cell voltages range from 1.40 to 1.60 volts.
168. Perhaps we can get back to a couple of points on the pover system. One
of the things would be a clarification of some of the numbers of sizes of the
solar array and the method of orientation to be used,
147. The photogrsph (appendix B-1) will indicate the relstive arrsngements of
the paylosd and the solar array. This photograph is a conception of the STEER
vehicle and is probably indicative of the ADVENT configurstion. As previously
mentioned STEER array vill consist of 2 paddles vith a total area of bk square
feet. Our area factor is 7.4 watts per square foot. (A tabulation of the
&li@ calculations is included in appendix B-1.)
154. How much of the supporting structure is included in the 7.k watts per square
foot figure?
148. This includes the cell, the glass, and & weight of 2.0 to 2.2 pounds per
square foot; including the supporting structure, but not the oriemtation shaft.
168. I understend that these paddles move vith respect to the vehicle and are
alvays oriented toward the sun. How are you going sbout maintaining this peddle
orientaticnt What is your design spproach for the bearings and drive motors?
187, With regard to the orientstion we are evaluating the number of sensors.
One Of the more sttractive of these is the ssme silicon cell used in the pover
system. Other engineers in Fhiladelphia are investigating plastic ball beerings
and various plated metallic and plastic sleeve bearings. The drive motors will
probebly be of the stepper type.
162. Wy are you orienting the paddles independently of the vehiclet
147. The program requiremsnts are such that a highly directed antenna must be
ortented to the earth. '




160. Is the orientation system of the paddles independent.of the rest of the
vehicle or is it all tied together? Is part of this system needed to keep the
rest of the vehicle in operation? ‘

147, Of course, we have to orient the power system to supply the vehicle with
pover. The rotation of the paddles about the axis of the shaft through the vehicle
is done strictly for the power system alone. (Refer to vehicle photograph in
appendix section B-1) The rotation of the vehicle about the sntenna axis is done
for the pover system. The positioning of the antenns axis to the earth's vertical
{s done only for the commmication requirements. Obviously, the two are very
definitely related.

135. What portion of the power being generated is required for orientation and
vhat portion for commnication?

148, Approximately 50 watts is required for the orientation system. The balsace
is svailable for other jmrnous such as communication and energy storage.

130. What is the tempersture vhich you are designing to be the steady state
condition of the arrsy?

148. Ve are designing to operate at 100 deg ¥.

151. You can operate sround 100 deg F just with the coatings which have been
availadble up to now.

173. Have you determined this experimentally in vacuum chesbers?

151, Itm“mwmwutwmnnmtoupendmmw
dats. We do determine the optical properties by experiment but beyond that there
nmutuo:munmmmnmm. These can verify that the
calculations are correct. Ou an oriented array vhere we are drawing out sbout

10% of the power the cell operstion does not comtribute to heating as it does on
mmmmu With improved coatings the arrsy csn be mm at temperatures
below 100 deg 7. -2/
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152, I don't think 100 deg F is optimistic now even with present coatings. We
hope in the future to be able to drop that down considerably.
Comment. The sun paddle orientation is definitely uportlnt: to your attitude
control and even more so to your orbit control because it is the third axis
which gives you the yav axis control. Presently they're planning to compute
from dovnstairs the attitude of the vehicle in order to give us the proper
orientation in the orbit. The paddle orientation system is an integral part
of the vehicle orientation system and if the paddle orientation system fails
it will deopardize the orbit control sysfen.
151. The control requirements on the paddle are quite wide in comparison to
the requirements on the body orientation.
146. The peddle influences what you do with your orbit control and is in the
loop of the ordbit and attitude control system. So you can't ignore it, it's
very important.
162, We feel fairly confident of our numbers and I'll tell you vhere the
areas of uncertainty are. We have made tempersture calculations on a flat
plate oriented collector and the stabilized temperature in space is 39 deg C.
This is about 108 deg 7. And also ss & matter of interest we are talking
about 9.5 watts per square foot. The only uncertainty attached to this
number are these: The uncertainty sttached to the dégrldntion due to the
soler constent (not deing able to use 40 mv./cu2), some small degradation
due to the ultra-violet degradation on the glass and cell. These are the
only tvo aress vhere ve feel we are really uncertain. The a/e ratio has been
tied down end the thermal design through honeycomb has been tied dowm
experimentally. |
147. There are two main contributors to regulstion, one is the non linear
charstteristics of the silicon cell, the other 1.. characteristics of the
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battery as it is imposed on the eella.v Therefore, you can go through a
trade off and add pounde of weight of regulation equipment to give eny
desired regulation accuracy. We have determined that the unregulated
system deviation would be plus or minus 16%. This deviation ie due

solely to the characteristics of the two major contributors.

(A comment wvas interjected regarding the orientation drives pointing out
the desire to avoid high speed rotating machinery for oriemtation control.)
On the ADVENT program the philosophy has been to use a stepping drive rather
than a rotational control. One factor that this stimilated in my mind is
that this will not be a 360 deg of revolution, but rather less than one full
tum. And once each season the vehicle will be flipped so that we d0 not
have to use slip rings for poiver teke off, but rather can use a simpler
approach.

(Ancther comment was interjected regarding the trade off of complexity of
continucus rotation and slip rings vs. flipping the vehicle each year.) '
Q. When do you intend running complete system tests of this sort in a
vacuum chamber and under environmentst

A. Literally we are picking them up piece meal in component tests covering
battery leakage, 'rire wrapping, bea.rmgs in vacum, and measurements of
comparing torques under vacuum conditions.

133. (Brought up the subject of voltage regulation again.,) Asked if there
Were any possibilities to reduce the vide regulation limits by & "emall
electronic package”. The necessary weight increase in the commmication
equipment due to the wide regulation was pointed out as in incentive to
tighten the voltage limits.
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A. The decision will have to be the result of an engineering compromise. By
selecting & favorsble operstion point on the curve of the array, one can
make & favorable gain in regulation: However, a weight increase of the array
vill be the result. So that in the final analysis weight becomes the
detémning facotr. There are many considerations in this regulation prime
of which is the battery. From the standpoint of the battery the regulation
is determined by considering depth of discharge, cycle life, and ultimstely,
reliability. At this time with a 28 volt system and 22 cells per battery, I
feel that going to plus or minus 16% is reasonable. When you get involved in
depths of discharges as high as 50 to 70%, I don't believe that you can depend
on a plus or minus 10§ figure.
Q. You indicate that the high depths of discharge occur only during the
maximm shadow periods, but during the shadowless periods the battery sees
continuous overcharge. Isn't this a very stable conditiont
A. Yes, but the regulation figures are the extreme over the entire orbit
period and therefore must include both charge and discharge cycles. The
charging vill be doue at 1.47 volts per cell, but the discharge voltage
vill be down to ebout 1.08 volts per cell.
Q. Nov vhen the vehicle is in full sunlight for two or three months at &
stretch and the batteries are at full over charge, can ve get regulstion
linits as vide as this plus or minus 166!
A. If one is willing to consider & "seasonal regulation” the new limit
vill be very nsrrov. However, later during the period of the yeay the dattery
wvill have t0 supply power and therefore operate in the discharge region.
Q. Doesn't the battery ses discharge duing the whole year?
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A. (Chorus) Wo. During the daylight period the battery is merely noating_
across the buss. S0 that for forty days the battery goes through a charge -
discharge cycle and for spproximstely 100 days is not discharged st all.

Q. From the standpoint of the designer of the electronic equipment within
this vehicle what figure of regulstion does he vork towards? '

A. Plus or minus 16§ for the full year.

150, I think there is scme confusion over vhat the orbit is and vhy we have
light and dark periods. It's a polar orbit for the program. Yor the
2h hour orbit you also have 1light mmxpénm but not of the same ratio
as the 6 hour orbit.

Q. Imsan't the 2b hour orbit practically all sunlight?

A. (Chorus) No. The numbers are approximately as shown ou’tho board. There
are 4O days of dark periods with a maximm dark period of 71 minutes. This 1s
followed by approximately 100 days vhere there are no shadows. And this again
is followed by the same shadov period.

Comment: It just happens that in the 24 hour orbit there are periods of no
eclipses which are just about as long as the 6 hour orbit. You are so far
sy from the earth that even though you are on the squator and because the
equator is tipped 23 degrees to the ecliptic it turns out that you get about
the same pericd. The maximum eclipses are a little bit longer like 80 minutes,

and the periods of eclipse time are sbout the ssme and the same length of time

vhen you get n0 eclipses.

Q. Por the 24 hour orbit will the varistion voltags be as much &3 plus or
minus 16%?

A, Mmmrm“mumantm.
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If our laborstory tests show a decided decrease in those tigurei we vill de
most pleased. That's the only information that I cen give you at this time.
14k, If T cen go back to the radiation question at tais time, have any con-
siderations been given to the stopping power of the msterials in the back of
the cells? |
147, Redistion protection works out to be a function of the density of the
materials. Because of the structural materials required to support the cells,
sufficient protection will alweys be present on the back of the cells.
130. I don't knov vhat your structural design is, but in the Lockheed con-
figuration their backside is essentially open. In your physical srrsngement,
what do you have on the backside? Going from back to front we have an alumioum
honeycomb, bonding materials, solder of the cell, and finally N-type material of
the cell.
151. PEven if you have nothing on the backside of the cells you still have
0.020 inches of silicon as a barrier because it is the top layer of the cell
which is dsmaged by radistion. \
Comment: The physics of the cell is such that you don't want to destroy the
very thin layer on top and it doesn't matter if you do & little bombarding of
. the msterial on the bottom.
138. Has anyone looked into the question of secondary radiation if you are hit
from the back by a high energy proton or electron? Is this secondary radiation
something to worry sbout or is 1t‘nconhryt|ctoﬂ
152, The test that GE ran at the General Engineering Laborstory in Schenectady
indicated that the Dremsstrablung as far as the glass on the top is concemned, is
negligible compared to the beta damege at the energy levels of the 2% hour orbit.
Bt vhen you get down to the imver Van Allen belt it's anotber story.
-2b~
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173. If the presumptions on the possibility of proton fluxes are true then the
protection of 0.010 to 0.070 inches of glass or quarts vill not do very much
against the protons. At least centimeter thicknesses will be required to stop
these particles, however, the thing that we wound up vith - and the thing which
came from Van Allen's recent flux information - is th;t/%v.fm will tolerate a
statistic degradation due to the protons and you protect against the electrons,
you can get your out-put for one year's life by sn increase of 20% in the total
area. The decrease in out-put for each following year will be logaritdmic.

. 168. By baving the ADVENT pecple here, e serve to bring in a lot of other

problems. I think we've got & good picture of vhat's going on in this program
and the problems as they see it. This ties in wvith some of the problems of
other programs and we will get the specific details as these programs are dis-
cussed. And now I thought we'd have the oldest experienced group up here to
discuss th? SAMOS/MIDAS progras. They have been working on this progrsm since
before ARPA.

This looks like an ideal time to adjourn for lunch and we will resume the
prograa vith Chuck Burrell.




IV. Discussion of SAMOS & MIDAS - C. Burrell - 1MSD, Sunnyvale, Celifornia

134: I hope you fella's are more gentle with me tha.n you were with GE.
Lockheed's smcs and MIDAS programs ave done under the cognizance of
AP/BMD and uses the Lockheed AGENA-B as the basic vehicle for these two
systems. The MIDAS program uses & vehicle on a 2000 mile orbit (polsr)
and carries an IR detection system as an early varning device for the
detection of rockets, ICEN's and so forth. The SAMOS vehicle is of the
same type operating LOO mile orbit and is primarily a reconnaisssnce
vehicle. (mz. The SAMOS vehicle will carry a 4200 1b paylosd;
the MIDAS approximately 2000 lbs. Of this weight approximately ten to
fifteen per cent is allocated for the auxiliary pover. In electrical
losd the MIDAS vehicle infraved system operationel version will use a 180
vatt aversge power solar photovoltaic system. The pesk power requirement
vill be on the ordarbf 1.5 kv. The development vehicle that we are
procesding with at the present time carries a suitable amount of instru-
mentation. It operstes at an average power of 320 wvatts. The peak power
requiremsut is still 1500 vatts. The SAMOS operational version is o ]
vatts and the development version LOO watts average and also a peek of
1500 watts; the system in sisze is probably very ciou to that discussed
by GB. During the development period of these programs we have considered
the fixed array systems, the cylindrical arrays around the outside of a
vehicle sod finally ended up deciding -- as GB has indicated their decisicn
has been -- that the only practical approsch is one in vhich you would use

an orientation control system.
' -28-
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As the vehicle 8its on the booster ve have an adapter section that
sits on top of the booster with the tank uction of the vehicle as shown
in figure 7 ? « Payload is up top and forward of the booster. We package
the array on the aft equipment beam-between the fuel tanks and the booster-
for ascent. There is a uétion on each side vhere the plates can be
folded up. The rest of the space in the back is taken up by pressure
spheres for the engine and the various pleces of equipment for the
propulsion system. Opersting in orbit the vehicle is arranged and
stabilized nose down, the adapter stays oo the booster vehicle. (See
figure /O  for the launch configurations and the direction of deployment.)
mhmmmpditlothatthomnyvinomuponkindotahzy-
tongs affair and move out as shown in the Previous referenced figure.

The vehicle is in & polar orbit and is designed for a yeark’ life. It is
Wtotmkthmabwtthewmt. (See tigure /|  gor
sketches of the earth, sun, paddle alignments.)

mmmtotconuumcmunmamt-ulm I might go
thmdlthohyoutotcolh,m Ve employ & basic collector element
that 1s 144 inches wide x 18 inches long. mnconoctorﬂ.nturriu
ThO cells. The electrical inner comnection 1s such that 10 cells are
soldered on to a basic strip (Kovar). This then gives us a single besic
mmmww«mmmmmml. The 7h ten cell
mmmmuunutoanuchmlnabwltamm.
mmmummmmm‘m-ﬂummmm
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through the system to keep the cells running as cool ‘u possidble. We

are also limited by space for packaging the 150 square feet of array.
Therefore ve have come up with & design that incorporates the magnesium
shest vith cut-outs behind the co11d " The eells ave then cenented over
these vindows. Therefore, there is no barrier between the dack of the cell
and space. This is an early version; later versions vill be made of nickel
sheets with holes punched in it to give & further weight reduction and
increase the thermal rldiution’.:m!"r‘ia a reliability point of view we
cou.idamd the use of & shingled construction and felt that with a
ahinﬂodlylmtbolonmbyopencircnitotm‘conmldcoctm 10%
of the power out-put of the package. By using the paralleled groups of 10
cells, the loss of one cell is hardly noticeable. This assumes that ve
vill not get eny broken wires. Obviously any broken wires would knock

out the vhole module. On the vehicle structure each frame is composed of
six of these panels. On the NIDAS vehicle there are 84 individual panels.
You can see that this system is x:uthnr severely over-designed because of
the uncertainties in the orbit operating conditions. The specification
for the power output of these penels is 10.7 vatts or sbout 6.2 vatts/

8q. ft. This corresponds to an average solar cell efficiency of 8.2% and
reslises an ares efficiency arcund 85%. Ve use & variety of glass slides at
the present time mainly for temperature control and some protection from the
Van Allen redistion. The cells at the present time use 0.006 inch glass

" with spectrolads coating Solacost A. Other slides in the seme arrey have

Solacoat B and still others are uncoated. We intend to instrument s good

.30-
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number of the panels to get information-on the performance as a function
oflghn th’ckness, glasse gosting, back emissivity, the paint films vhich
bave been applied to the backs of some cells. The general ides of the first

fev shots s to instrument very thoroughly and determine the performance '

under the above conditions.

42: With regard to your orbit I would like to mention that there is
one orbit vhere the progression of the nodes is equal to the motion of
the earth around the sun.

13%: I should have mentioned that on the SAMOS flight that is meant
primarily for photo reconnaissance, we deliberately established that orbdit.
It is an 84 degree ordit, I believe. This vill give us one degree/day
retrogression and we will maintain a noon orbit. The orbit is also quite
lov - 247 miles. The drag of the system (solar array) affects the vehicle
attitude, (See figure 43 ). The vehicle line of flight is along the
X-axis as indicated and the arrsy oriented nlénc the Y-axis. The drag on
the vings is so great that the attitude is off. Therefore, it has deen
ummmmmtmmmwmmmmw.m
condition. (See figure /¥ ). Since we have established s retrograde
orbit we vill maintain the noon orbit plus or minus 2 hours. There will

never be any reason for the array to track.

k2: As far as I knov you can £ind such a retrograde ordit for all
kinds of altitudes.

134: But the flight objectives change so that you can't do that.
mm,mmmmmwuwmmmmum




different orbits so that complete coverage is achieved.

138: What is the direction of the earth in this case?

13h: The Zeaxis is down and you are in e noon orbit so that the
paddles do not have to be turned around either axis (they are static).
(See tigure /% ). This is an 84 degree retrograde orbit and

the vehicle is always in the same plane and the array is flat out.
138: Then you accept the penalty.

134: Yes. Because there is nothing else we can do. If we change
the axis of the paddles and orient the paddles, then the drag is so high
that the attitude is thrown off. The requirements for ;ttimde control
are 1.5 degrees. We cannot get this with the increased drag conditions.

145: How do you get these tong things to move out?

134: (See figure_ /S .) There is a set of small springs between
each leaf - 50 to speak - so that the springs furmnish the motive power.
Back on the last rods (in the vehicle) we have a lead screv and & small
DC motor to furnish the controliing pover of deployment. Bach wing is 18
feet long and 5% inches vide. |

15k: When these move out is it just a two plane effect!?

13: Yes, it is just a flat panel.




15k: Wnat is the weight of each paddle?

-

13!‘.
new mounting panels we expect to achieve 1.7 l1bs. Since the panel is 1.8

14* inch x 18 inch or 2.1 Ibs a piece. With the holes in the

8q. ft. ve are slightly under 1 1b/square foot.

138: If the array is 150 square feet, the veight of this must be
sbout 150 1bs. What is the weight of the total pover system?

13k: The weight of the total system is 260 1bs. This includes
batteries, array, and other miscellaneous equipment .

On the 3election of the number of cells you can draw & set of curves

which show the shift of operating point with temperature. With the

‘ of millavatts vs cell voltage (See figure /0 .) and get a set of curves
i
varioucllidecoversandtbethcmlotuuuthttnhmmwhmcm

Pretty close to the design point that GE has calculated their opersting
| tespersture to be. We say 1t will run at 108 degrees F. Prom this curve

ve £ind that at 100° we vill be opersting at .39 volts per cell for the
mximum pover transfer point.

‘ 145: Wy 1s 28 volts alvays picked as the operating point?

13h: Imlmuuccmmmmmmmwm
designed to operate at that voltage.

10s: Is this the ainimm weight point of the system?
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13: If you go to & higher voltage your wires get smaller and you yun
{nto a strength limitation. If you go to a lower voltage the power con-
version efficiency becomes less favorable. The majority of the avaihblg
transistor equipment available at the start of thiﬁ prograin worked better
at tha lower voltege of 28 and formed the basis for continuing to operate
at this point. The voltage regulation on the unregulated part of the
auxiliary pover system is 22 to 29.25 volts. These vere established in
the beginning by & cmtive analysis of the charge-discharge limits of
a KI-CD battery in the solar array systea plus the tolerance of a silver-
peroxide-zine battery on discharge for use on the program. This is based
on the desire to use as much of the DISCOVER equipment as possible for

the SAMOS/MIDAS programs.

154: What 1s the depth of discharge for the particular voltage
regulation?

13k: About 108. Depth of discharge does not enter our problem decsuse
vnhsvothlthrymthencoqlltlpnhiclevhuhnanu.homu
this spece vehicle system. Therefore the second stage battery can be
used during the ascent phase to furnish power. This gives us a pretty good
sised bdattery for ordit use. The ascent load 1s on the order of 1.5 kv
and the trip lasts for about an hour and a half. So the load is pretty
hi'&. mlmmnoﬁituamuu&rpmuonaothltum
arrey fails we have life for about three pesses.

145: Doss folding these things out upeet the vehicle at all?
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134: At the time the main orientation is accomplished the vehicle
1is under control of s gas Jet lwm.'(mmL.) It is
operating through gyros and an IR system so that we do have control and meke
an attempt to run them out at the same rate. However, the two paddles are
not tied together‘but nthormmbylepa;sto drive motors. I'd like
to talk sbout the redundancy of tie system. (See figure /] .) Bach
ving has i{ts own orientation control system and is completely separate
from the other. Therefore if one fails the other will still come out and
vork. From the standpoint of the electrical control esch ving is divided
iato two units. (See figure // .) From an electrical point of viev
then ve have four individual sources - any of which could fail and still per-
mit full system operation. 'ﬂxil gives us a 25% safety margin. If one
fatled to track but came out, snd the other came out and did track we
vould be o.k. there also. From that point of viev we have & dual redundant
system by tracking and by the additional electricsl panel. (See figure /# )
From the array we go to a small black box vhich is & regulator to the
bettery through a diode to the buss. This 1y repeated for times. The
min reason for the voltage control is the temperature conmtrol of the
battery as we discussed it this morning. It also permits system voltage
control. As we progress from & noou orbit to a twilight orbit, as the
seasons change we vill get to an overchange comtition. It is desirsble
that the charge be shut off or reduced at the time we hit our 29.25 volts.
There is ancther consideration that we have been aware of and this is
temperature problem of the battery. We have videly varying temperature

-35-
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conditions dus to the vehicle position in orbit as the sessons changs and

. becsuse of the change in power dissipated by the experiments o board. The

loed or energy utilisation in the vehicle can vary by & fastor of ten. Ve
therefore compensate the voltage regulator by s temperature pickup at the
battery.

162: Do I understand that one panel would supply all the load?
What would happen to your system if just one panel came out?

13%: If we lose half of one panel electrically the system can survive
indefinitely. We can lose one panel and we can progranm the loed and survive.

165: Where does the power go vhen you have all panels deployed and
opersting?

134: It stays out in the peddle. The regulator can be used as &
svitch. (See figure /7 .) ihen the voltage rises and the battery is
charged (29.25) this regulstor vill maintain just enough charge to hold that
voltage. This is also tempersture compensated so that vhen the battery is
real hot the regulator drops to & lower maximm voltage point. With the

' systes at 70°7 tie cutout point weather regulator cuts in 28.25 volts. If

the tempersture goes down to 30° 7 the voltage goes up to 29.25 volts. The
tesperature of the battery goes to 125° 7, the voltage goes down to 26.5
volts.

165: If you are at the 29.25 mark you still have extra power coming
from the solar array. Where does this power go tot?

-36 -
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13k: TIt's dissipated as heat. If ;bt’lod under these conditions
is 350 watts the arrsy is generating (on s twilight o:'o.'.it) about three
tines that mich or sbout cne kv. The Tegulstor functions cnly to let 350
watts come through. The rest of it stays cut in the penels.

138: BHow does 1t do it? By limiting the current drswn from the
arrsys or does it byqass current into a resistor?

134: It limits the current. By bringing it in to a resistor would
Just add to ocur thermal problea. |

By isolating each of the four electrical panel systems by a diode
ve get isolation during the ascent phass so that vhen we fire the separstion
mummrmouchnicltMMcmntMthlmbytb
main part of the system. As you knov this diode would cost us 3% of the
total energy.

148: Do you have dlocking dioles in the regulator box or ¢m the
arrey?

13k: On the array. Bach panel has s separste blocking diode.
(8ee figure 20 .) From the array cells themselves we have cue diode
mthsrm;nhmmwltmnmwg'zhzi‘hmnhornmuw
shunted by a contactor. The contactor is connected so that when the
battery voltags is low the contactor is closed; therefore there is no
voltage 1oes across the transistor. Power then goes through another
blocking diode to the buss. Dattery is commectsd Detween the regulator




and the last blocking diode.

148: What is the current carrying capacity of the contactor?

13%: 8ix eamperes.
148: What is the reliability of that contactor?

13h: Ve would estimate that the thing would operate ebout once per
pass. For the noon orbit it would operate every time it went into the
dark. It would close. From that point of view a comtactor with a 5000
cycle capability should de “tilfmwry. If it feils in the closed position
1t wipes out the voltage regulator and your battery would be overcharged.
If 1t locked out in the open position your battery charging rate would be
reduced. This could only ocecur by electricai failure and we have selected
the coil so that it will fall out vhen the system reaches 18 volts. The
probable point of failure of the device is the transistor itself vhich
vould fail as a closed circuit. If that fails as a closed circuit it
causes & 1 ohm resistance to be inserted between the array and the battery.
The regulator then would consist of the contactor and & one ohm resistor.
This would permit a two rate charging control. Under these conditions the

relay would cycle quite rapidly.
138: 1Is this a mechanical contector?! Does it work in s vacuus?

13k: It's just an electrical relay in a hermetically sealed

Comment: If the relay leaks in space the coutacts will weld together.
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138: Have you looked into this problem of cold weﬁng in space?
134: We ‘have. For the last five years. And we are not worried about

this. We've got lots of other worries.
168: Do you have any reports or data on these kinds of tests?

134: Most of the detail was done by Eastman Kodek in the development
of the payloed system. There are a stack of reports. The main assumption of
the cold welding is that the oxidation will go avay and you will then get

" molecular bonding between the contacts. It is my understanding that you have

to maintain the surfaces in intimate contact for a long time. I think
that the relay operating once per orbit (1.5 hours) will be enough motion

to prohibit welding. We might be surprised.

151: There are people who are not convinced that relays in vecuum
or any mechanical contact are going to be perfectly reliadble. There is a

paper by some Lockheed people on this subject.

134: I know. We have a Lockheed paper vhich says batteries will not
operate in ordit. But they do. While we are on ; discussion of the vacuum
.probm I might point cut that the bearings will be a challenge. This
question arises from the desire to move the array in both rotation and
translation. (See figure 22 .) We need a drive system that has the
least possible bearing surfaces unit. If possible we vant to select those
bearings so they are not operating under conditions which will cause
bonding. Lubricating the bearings mey offer a possible solution. We have

ig
SECRET




-SECRET-

a set up in vhich the main drive for the array is a stepper-motor com-
bination. The stepper-motor is a continuous relay of a sort. The
particular ones in this design operate three degrees in every step. We then
ayrange the system so that ore motor is above the other and are connected

to the array to bevel gears. This then gives us two bearings for each of
the motors. The ratic of the bevel is twvo to one. With one motor turning
clockwise and the other turning counter-clockwise the array moves about

its ovn axis. To get a translation from the vehicle X to ¥ axis both motors
are operated in the same direction. The drive motor electronics is probably
the most complex part of the orientation system. It takes s rather intricate
series of pulses to actuate the stepper motors in the desired directions

and ot the appropriate time.

138: If you turn both motors in the same direction hov does the

array move?

134: The array moves in an annular motion ( around the axis of the
motor). (See figure_23  for the folloving discussion):

For an absolute polar orbit, vhere the vehicle orbit plane stays
fixed 1n space ve maintain the arrays on the Y axis position unti we get
dmtotbpomtyhm. After this point we command a translation to
the X axis at this b5° point. If the ground commnd fails to affect the
trenslation the systea vill prograa the trenslation itself 15 after the hs°

point.
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138: Does the vehicle use expulsive gas for control during this

trenslation period?

134: It takes about six hours for the vehicle system to recover from
this translation. Fly vheels are used for the stabilizing forces during
this period. We hope that we will not have to use the gas system to slow
down the fly wheels. However, the gas Jet system is there to be used 1if
required. Supposedly the fly wheel would slow down due to the EDDY

currents of the earth's magnetic field.
165: Do you have four separate batteries in there?

13k: Yes. Tney weigh ST lbs apiece.

165: When the four panels are opersting is the depth of discherge 1041
134: That is right. With one it would be about 35 to kog.

170: When you are at the minimum power collection value (roughly 50%)
do you need all four electrical arrayst Or can you get along vith Just

three arrays?

‘ 134: We can get along with just three arrays. We have 153 8q. feet
for 350 watts. The collectors are 6.2 watts per sq. foot.

150: Could you drive the ‘V-I curves and show the operating point?

13k: Kot at this time,

-




150: In cﬁcuhting the operating point you stated that the temperature
would be 1068° F and a per cell voltage of 0.39 volts and T4 cells in series. -
 This would give you 28.86 volts maximm., You have two diodes and & transistor
in series with it. Depending on vhere you are operating I cannot understand

hov you get 29.25 volts.

134: It depends on the battery temperature. The characteristics
of the regulator are such that the operating voltage can vary between
26.5 and 29.25 volts depending on the battery temperature.

150: If the maximm voltage from the array is 28.8 volts how can
the condition of the battery increase the voltage to 29.25?
The solar axray would determine the highest wvoltage.

134: Yes - at the highest array temperature. We would go up in array
voltage as the array temperature decreases.

138: What is the life objective of MIDAS in the 2,000 mile orbit?
13%: One Year.

138: What are you doing to determine the thicknesses of protecticn
needed for the solar cells against the Van Allen radiation?

13%: We consulted everybody vho vants to talk about it. We ran a
number of tests with our own rediation source and had a program vith Berkeley
to rediste cells in their equipment.

138: Wnat is Berkeley going to do? Is this electronm and proton

rediation? _ ’( 2-
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134: Yes, both electrons and protons. We would sure like to have
anybody else give us additional information - the 1ntqu.tion we have is
confined to vhat we read in the San Francisco Chroniéle,_ Life Magagine,
and other things. Are there any other written reportl' or other mfomtiqn
that ve can get that anybody knows of that is formalized and can tell
us what it is that we are supposed to be worrying about?

138: 1 have a report here containing sdvice that Van Allen gave to
our Goddard people on this last S-46 satellite thet failed orbit. ‘This
sumarizes vhat was known as of a couple of months ago. There is another
Van Allen paper presented a week ago in Los Angeles in vhich he makes
the statement that cells probably will not last more than & fev months
if they are bare. In conjunction with his discussion on this S-4§
sstellite, Van Allen reccumended three courses of action:

(1) Add 25 mg/sq. ca. of mics to the cells. .

(2) Lower the apogee by about 3,000 kilometers.

(3) Add 100 mg/sq. cm. of mica.

The expectation of 1ife time increases with each of the adove courses of
action. We have to know better about the spectrum of the energy in space
of both protons and electrons. In particular ve need to know vhat is the
flux of protons belov ten Mev. By extrapolation we can see that there is

& great number of these protous and they may integrate to give more dsmage
than the higher energy ones. It is a fairly complicated question. It
depends upon the thickness of glass and the penetration. The higher energy
particles will go on through end give you damege in the critical lxyer.
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By rumning cells at an elevated tempersture, radiation demege vill anneal
out. We plan to do some design experiments using doth electrons and protons

using available rediation facilities.

151: In addition to Van Allen's paper there vas & paper presented
at the Nice Couference on Space Science sbout three months ago which
summarized the data vhich had been taken up to that time including
the EXPLORER VI lover energy data. Rosen of STL was one of the authors.

17h: What happens to other semi-conductors on these vehicles?

151: Qenerally these are inside the vehicle and are shielded by
the skin. 'm blocking diodes used on the arrays are generally pro-
tected by their packages. The high energy of the inner Van Allen belt
may dictate against flying that kind of orbit.

148: I should like to point out that there may be a problem of
greater degradation of higher efficiency cells as a result of radiation.

165: Can you dsscribe some of your battery ‘est prograa?

134 A series of charge - discharge cycles cn s 18 mimite discharge
and & T2 minute charge. mluountedtbrmvdofﬁoﬁorthemm
in ts battery. The cut off limits were 22.5 to 29.25 volts. We had a
failure after 2500 cycles. We attribute the failure to the battery
separator. muuthoproeuloflhturymlmtomg
porate & new separetor structure. We have also changed the design criteria
for the bdettery from the origina. criterion of a high rate battery vhich

in & vy compromised the snergy to weight ratio in order to run the
-y~
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- electric hydraulic equipment during the ascent phase, This problem has all

been resolved by including a fuel - turbine pump off the engine so that we
can nov drop back to a lov rate battery design. This will increase the
energy to weight ratio. At Lockheed at the present time we are investigating
the temperature variation of the voltage/rate performance of the battery.

We want a set of curves of voltage versus rate plotted for different
temperatures. (See Figure 2o ) We will elso run data for three
conditions of the battery: fully charged, near discharged, and an inter-
mediate point.

160: From this 2500 cycle test how many cells were used?

13h: A complete battery - 20 cells. During the test four cells failed.
Three of them probably due to the first failure. The test vas run at
room ‘temperature.
(A vattery discussion occurred at this point and the results are .
summariged later in the paper under the heading of “Battery

Discussion.”)

134: On the original assembly of the panels ve attempted to use
nickel as the base metal. However, we vere unable to keep these cells to-

, gether under thermal cycling. Kovar was substituted for the nickel and

performed very wvell. The cells are bonded to the grid structure by a silicon
cement. The bdonding of the glass slides to the cell was doue by spectrolabs
and I do not know the composition of the bond material.

162. Can you describe the envircumental test conditions for your array?

Y (1
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134: First wve ran high temperature storage for 48 hours at 200° F.
This is followed by low temperature storage for h&houra at -100° F. The
vibretion tests are then run and consist of 7.5 g for the frequency range
from 40 to 40O cps and 15 g for the range of 40O to 3000 cps with 30 mins.
in each plane. 'mis is followed by a humidity test in accordance with
standard military specs. and & top temperature of 165° F. Pinally, ve run
temversture cycling of 15 min. intervals of 175° P. in 15 min. of -80° F.
vith a 15 min. interval between the 175 and -80° temperature. This test is
carried out until 30 complete cycles have been accomplished.

148: The low temperature point for the Advent Program will be approxi-
mately -160° F. and is primarily determined by the mass of the peddles. The
temperature will drop lower as the weight per unit area of the paddle 1is
decreased.

17h: We have done tempersture cycling tests of cells and shingles
down to the temperatures of liquid nitrogen and have found that a plated
molybdenum makes an excellent mounting surface any gridded cells?

130: Did you thermally cycle any gridded cells?

1Th: I do not recall any tests of shingles at lov temperature but I
an sure that cells have been cycled at the temperature of liquid nitrogen.

130: If I understand your comments your products can be cycled to
«200° 7. vithout any problem.




*

17k: I have here two nodu1§l that contain 125 cells each. These have
been subjected to 10 cycles of téqpenture trom +160° F. to -200° F. in our
place and I think for another 10 cycles at STL, and there is no visible de-
terioration.

130: I notice that the two modules you hcve‘ are shingled assemblies.

17h: BShingling permits faster assembly then soldering.

162; Ve have tested individual modules of 5 cells, dowm to 1iquid nitrogen

temperatures. These modules had glass covers cemented on them. We agree
vithtbthouhtthntyougcttheleutdmpbyteupontmorusmao
uumm«-.uasuummmumtum
substrats. Most of our tests have consisted of thermsl cycling from 200 P.
t0 -100° 7. e time rate of change is very important for these tests
I'a 1ike to make the cbservation that the 3° per minute rate menticned by
Lockheed appears to be & very slov change and would tend to minimize dsmage.
mmkmmwwpmm-munmmumm-
within our existing facilities. This gives us & more rapid evalustion of
the materials involved. We have achieved rates as high as 300° per min.
during the initial portions of the test cycle. Of course, as the penel
approaches oven temperature the rate decreases proportionataly.

168: What was the cement that you used?
17%: The cemsuts have been varied. The cement on these panels is a

Rysol epoxy.
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162: If my memory is correct the resin that ve have used is Hysol $1055.

" T will have to check this number.

151: I should like to make a comment on the high rates of temperature
change previously mentioned. I think in most normal designs that the rates
achieved by running from the oven to the icebox is excessive over that vhich
vili be experienced by a space power system. I do feel that the rate will
be more rapid than the 3° per mimute mentioned by Lockheed but this figure
is only for the end of an eclipse.

162: I egree with your comments and feel that you are fortunate to be able
to calculate these rates of temperature change. We were not in a position
to do this work in support of our Renger program.

1Th: I Just recalled a test which I had performed a fev weeks ago.
During this test cells soldered to a molybdenum substrate were taken from
+100° € to 1iquid nitrogen temperature and the 1iquid nitrogen boiling
stopped 1n 30 seconds. The results of this were a 300° C change in 30
seconds. No damsge vas visible. It has been my observation that the rate of
change is not as important as the finsl temperature valus. Just leaving
the cells at the liquid nitrogen temperature drought about failures of the
glass and the bonding.

151: VWhen does the damege occur?

17h: Somstime after the cells have reached a stable tempersture.




134: We have performed similar tests with a very high rate of failure and
feel that the humidity in the cells is one of the biggest factors causing the
damage. We have found that vacuum drying the cells prior to the’cold tenmperature
test reduced the failure rate considerably.

162: I think that is a good point that you raise concerning the water
content. In order to avoid such a problem during our testing ve have always
dried the cells for 15 minutes in an oven prior to the cold temperature testing.
(Dired out 200° F.) Ve feel that it is uaressonable to consider vehicles in
outer space ac having mﬁch moisture because we expect that this @ld soon be

drawn out by the kizh vacuum

148: I should 1like to ask & questicn to determine vhat happens to the
gless under these extreme temperature tests. Does it crack or shatter or have

any other serious results?

152: T think that if you are golng to try to use large pieces of glass
vith a mastic betwveen the glass and the nells you might get away vith {t. But if
you actually bond the giass to the cells I would expact severe cra‘king of the
glass. There are some mutually excluaivé requirements for resine and it ie
difficult to meet the requirements fcr humidity and those for teaperature cycling.
If you are talking avout using thick glasses you will probably have more stability

and resistance than in the thinner slides conventionally ueed.

1Th: We have found that even vhen glass cracks at these low temperatures

there 18 little or no degradation of the electrical output decause the

~-¢9-
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cracks are 5o fine that one has a hard time seeing them. Ounly at a very
oblique incidence of light and under a microscope do they show up. Be-
‘cause we do not have any delamination the glass stays in place end does
not affect performance.

152: It is probably not very important in small pieces of glass but
it might induce shattering in larger plates.

1Th: On some tests that we performed for STL we had two cracked
glasses out of 160 when cycled out -130° F.

15%: There has been a considerable amount of discussion about the
Advent panels and the -200° F mumber. Ve are anticipating to experience (1n
& lunar orbit) -200° . temperature at the end of a 2 hour eclipse
period. This might indicate the rate of temperature change vhich would be
appropriate for testing purposes. I have another comment-as a result of
our experience we find that minimum damages occur when the amount of salder
on the comnecting wire is kept to a minimum.

138: I was wondering if tais is as much of a black art as everybody
says or is samedody trying to use some design engineering in it?! PFirst
scquiring the test data you need on the strength of glues and the thermal
expansion cosfficience of -tcrnil » Ond second doing some detailed thermal
analysis.

1A8: Our progrem involves the evaluation of a nusber of bonds in

shear strength, tensile strength, redistion toleraace, thermal cycling,

S0
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bumidity degradation, and we are alzo looking at the effects upoa the other
comporents such as the glass and the cella. The alialogue computer program

is aimed at an engineering approach tc the indicated experiments.

162: Our one experience at approaching the problem thi: way did not
meet expectetions. We found it very difficult to 2crrelate the results

from sut-asrembly testo t¢ the fina: performance cr tre irtegrated assemhly.
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V. Discussion of TIROS - S. Winkler - RCA, Astro, Princeton, N. J.

173. After hearing about the sophisticated satellites, I have some informa-
tion on our big base drum, TIROS. As far as we know TIROS is still working

-- we get pictures back from it every day. Apparently, lower Californie

is still there. We got & nice picture of that the other day--if you took

a map and put it next to the picture, it has the shape that the geodetic
people say it did. TIROS started off as an ABMA program, and it was to be a
JANUS series satellite. The original shape of the vehic}e wvas to be a long
thin profile with a requirement for seven to eight watts. This was to use
only a single camera fof observations. Since that time the profile has become
that of the present TIROS employing three cameras with one camera out the side
and two looking out the bottom. (See Fig.28) For budgetary reasons as well
as excess weight the side camera was deleted from the program. The main design
criterjonvas to produce a pancake-shaped vehicle so that it would continue to
spin and remain stable throughout its life. This dictated the configuration of
the solar array. The lifetime of this vehicle is to be 100 days, at this time
the cameras will be looking at the sun and not producing useful information.
The satellite is covered with solar cells around the periphery and over the top.
The bottom has no cells because this surface is not expected to see the sun.
Because of design considerations we decided not to deploy any collectors at
this early date. We consider this a Vanguard generation satellite, It vas
decided to minimize mechanical complexities, and this dictated arranging the
converters on the surface of the vehicle, Obviously this imposes a serious

thermal probiem as well as a severe mechanical design problem, Because the

e
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launch forces are acting perpendicular to the plane of the top surface, structural

requirements are gquite severe. Some of the thermal considerations vere based on

" conclusions that a honeycomb structure would act as a radiation baffle and would

adversely affect performsnce. We have to dissipate the heat from the solar cells
by ra,d_iative coupling from the bottom surface. The top surface heat and some
of that from the sides is radiated to the paylosd black boxes where it is con-
ducted to the bottom surface and then radiamted through space. This bottom
plate in operation is looking away from the sun and makes the best surface for
the vehicle heat dissipator. The top surface is constructed of a skin stiffened
with aircraft type braces arranged in a spoke shape. Stiffeners between the
spokes serve to give the required rigidity. Because of this heavy structure the
weight and efficiency is far from optimum. Because of these heavy struc_:tural
requirements the weight of the solar array portion is probably on the order of
three lbs. per square foot. (See Fig.i) During the time that the sun is as
indicated on the diagram, it Avill go from & 45 degree angle from the vehicle
spin axis down through a 90 degree position and on to a L5 degree belov the
horizon position and then back again through the season variations. This design
permits the sun to adequately illuminate the vehicle, even though the sun is not
all perpendicular to the vehicle spin axis. Because we wanted to get a decent
view of the earth during the time that the earth is {lluminated, we had to com-
promise on the deviation angle of the sun from the perpendicular to the vehicle
axis. Our original intent was to launch so that the angle of incidence of the
solar energy would be approximately 35 degrees from the vehicle spin axis. As

a result of the design maximum power producing angle would be 25 degrees. The

solar cells cover the top 15 inches of the sides and completely cover the

-3
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41 - 3/ inch dtamet;r top. The vehicle sides form an 18 sided palygm. Becsuse
of the thermal design considerat ioné , the hottest cell in the array would be that
one in the center of the top surface. Calculations showed tﬁis cell would reach
70° C. The packing factorof 85% was one of the design criteria. The cells at the
edges of the top surface will be at 45° C; those at the bottom of the sides will
be 20° C, and the bottom surface between 10 and 15° C. This temperature will be
influenced by the céatings vhich are applied to the bottom surface and to other

surfaces not covered with solar cells. Because of this tenpera.ture distribution

it became attractive to use the variation in operation of solar cells to glve us

FOS:Z?

multiple voltage outputs.” However, for reasons of economy this scheme vas
abandoned and replaced by a standard uniform module vhich would be employed over
the total surface to be covered. This module consists of 80 cells in series
mownted on & printed circuit module made of a fiber glass casting. Five cell
shingles were used in construction and each had a special lead wirez ’rabricated to
each end for convenient assembly to this printed circuit cnstii;g.. Each shingle
sets into a small well), molded integrally to the fiber glass casting. There are
sixteen 5 cell shingles mounted on each board. The board size is 3-1/2by 7
inches. (See Fig.28) Holes vere punched in the board to receive tabs mounted
on the shingles. The printed circuiltry is buried within the lamination of the
board. In assembly the tabs from the cells were inserted through the holes

and bent over to contact the printed circuit.', .3: originally tried to ixae a
conductive cement of a silver losded epoxy. Humidity and aging proved to be
insurmountable problems. So we went back to a standard soddering technique.
Bach of the shingles on each board vas connected in series. The open circuit

potential of each board was in the order of three to four volts. Bach group
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of 20 cells on one board was parallel with & corresponding group of 20 cells

on the adjacent board. Today we would probsbly use a different technigque of
electrical connections, but did not have sufficient information at the time
this power supply was designed. This concept of conétruction allowed us to-
cut the boerd into quarter sections for use on the top surface in the spaces
where a full board would not fiff?,;i’the spaces on the top which were not
covered we coated the surface with a low a/e material to teke adv;ntage of
these heat dissipating surfaces. We did cover everything on the top except
for a small square at the center which was -required for handling and balancing.
Because of the thermal mass of this design we did not experience any wild
temperature swings; we are in a low altitude orbit -- LOO miles; we were told
that it would always be maintained in controlled atmosphere environments even
at Cape Canaveral Because of this last requirement, humidity was not & problem .

which we considered. The prototype of this vehicle was tested at 50 g axial

acceleration, 25 g. mus from 20 to 20CO cps for two minutes in each plene
142.  The linear acceleration specification just called for 25 g. testing.

173. In one of the early vibration tests, peaks of 50 to 100 g's were
experienced during the testing. You are right on your recollection of the

specification.

148. 1In reference to your statement on paralleling you mention that you
parallel all points on one board to the similar points on the adjacent board.

CouM you explein your reasoning?

173. The paralleling is done in groups of 20 cells only. (See Fig. & )

-5
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168. Could you give us some idea of the pover output of your system?

173. (See Fig, 338 ) At an illumination angle of 24 degrees, our power

output at 30 degrees centigrade with full solar incidence is approximately

62 watts instantaneous power for the array. There are approximately 20
square feet of collector on this vehicle. This gives approximately 3 watts
per square foot (instantaneous). The solar cell efficiency was aversge sbout

7.8%. - This 7.8% was a measurement which included the effects of the covered

glasses,

Comments: A discussion followed regarding the pricing of cells of varied

inversion efficlencies. Frq. 34,35

173.  We purchased the cells on the basis of shingle efficlency of T. 5% with

no glass slides. For the coatings ve allowed a degradation of 10% (of the 7.5%).
This would have netted us in efficiency 6.8%. However, during the production
runs the vendor delivered 7.8% cells including the coatings and covered glass.
During the process of designing and constructing this vehicle we handled about
52,000 cells or 10,000 shingles, and as a result of this task developed s
simplified testing technique. For these tests we got an illuminated ares which
vas spproximately two feet square and tested 60 shingles at one time with an
automstic stepping switch arrsngement. Automatic ﬁltny leveling devices were
designed vh'ich forced a shingle to sit at three wvoltage points at a fixed
t-ponturf'. %:nng the design of this testing esquipment a variety of filtering
devices wers examined and ultimately abendoned. For calidbration a standard

cell vas used as a referencs.
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168. At an illumination angle of 2l degrees you expect 62 watts from your

pover systenm,

173. That is correct. When the sun swings into the twilight zone we get in

the order of 2k watts from the system. If we bring this back to the period

where the batteries have a considersble amount of work to do due to dark time
storage, and because of our area of limitation the orbit averaged power becomes
about 20 watts. The drain on this power system can be controlled by ground
command, and therefore permits flexibility, Because of a delay of one hour

in the launch time, the illumination angle was increased from L5 degrees

(design point) to 60 degrees. This caused the entire vehicle to run considerably

cooler.

148. With what accuracy have you been able to predict the performance of

this system?

173. Our telemetry readings which are the result of sensors noted on two
separate boards have not indicated any degradation, This 1s the result

of over one month's time in orbit.

Comment: Following is a discussion of the aefinition of a solar cell

efficiency.

173. A cell that we call a ten percent solar cell by definition is a solar
cell vhich will convert the energy it receives on June 21 at high noon with
an air mass of one, etc, -- that has a total flux of a 100 milowvatts per

square centimeter -- a ten percent cell will put out 10 milowvatts per square

centimeter. (See Fig. 37 ) If ve take this same cell and expose it to an

-S7
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integrated flux of 140 miﬂwatts per square centimeter, this cell will not

give 14 milowatts but 14 times something like .85 which is the spectral factor.

134, I understand. We do ours in reverse, We consider a hundred milowatts

on the earth and add a factor of 1.l.
154, Is this .85 a measure value?

173. No. This is one of the things we hope to get from the telemetry of

this vehicle,

162, Has anybody made & spectral response curve of the sunlight on the day
he makes the test and sticks the Piroheliometer under the sun and reads his

data?
Comment: Have you done this?

162, Ko, not yet. We're waiting on receipt of enough equipment. We will

probably get to 1t in a couple of months.

17Th. Ve are going to do it. We are set up nov. We have built a sun tracker
on to our monochrometer and have made the monochrometer portable so that we

can take it outside.

152. What kind of & monochrometer is it?

17h. It is a Perkin-Elmer. It is a single pass, single beam device.
152. How 1s it calibrateds

174, We have checked this lately and found out that it is not flat.

-8 -
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152. There is a second proi:lem here. . This problem deals with the measure-
ment of the sensitivity of a solar cell. At this time, we are building e
monochrometer for the Bureau of Standards. This device will be capa.blé of a
20 milllmic?ron bandwidth with a maximum solar intensity of about 5 suns.
Part of the calibration of the instrument u"ill be measurements made on sili-

con cells between .1 and 5 suns. The resulting data will be reported in a

.technical paper. The limitation of currently availsble equipment is the

extremely low incident energy upon the cells under test. Because of this )

measurements on cells are made at levels of .Cl to .001 suns. I do not

believe that the data can be extrapolated from .00l sun to 1 sun with any

confidence.

162. Next week we will be measuring the output of especially designed
monochrometer to determine how much pover we can put through an ordinary
machine. We do not expect to get as high as 5 suns but do expect to get

in the region of 1 sun.

152. The characteristics of this monochrometer will have a dispersion of
56 engstroms per miMmeter. It will use a 4 miMmeter wide slit. The

light source will be & pulsed xenon lamp which is built into the system.
168. Hov many solar cells on the TIROS vehicle?

173. 9,260.

168, What was the cost of this whole system?

173. I cannot give you a total cost figure but I can say that the solar

.
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cells wound up costing us $6.00 a piece delivered through the door. I would
say roughly that our power supply has amounted to $330,000. Power supply

development including batteries, voltage regulators, current regulators, cell

_ mounting, and total assembly might be on the order of twice that amount. In

round figures the total might be $1 million.

At this time Mr. Wiener took the floor to discuss the battery aspects of
TIROS.
170. A block diagram of the power supply would be most helpful to understand

the application. (See Figure éa_) Diodes are used in the output of each

'bsttery to prevent the failure of one battery from affecting the performance

of the other batteries. We have a system of voltage regulators vhich provide
2.5 volts plus or minus 1% over & temperature range of -10° to +55°C. There
are also tvb other voltage regulators each providing the same regulated output
to a camers system. Each camera system contains a clock, a tape Arecorder, and

a TV camera and the associated controls. In the block diagram the large block

at the top center has several functions. One of these functions is to provide
an output of between 15 and 17 volts which feeds a 13 volt output regulator
vhich in turn feeds the clock. In fact, there are two such regulators. One
thing is obvious; we are throving away & considerable nmh of power in fem

of the overall pover required by the vehicle. The main reason for this design

is attributed to the batteries. This same main control unit contains regulating
equipment for the charging of the batteries. It includes temperature compen-
sation circuits, so that the current to the batterles is limited to an equivalent
10 hour rate. The circuit is arranged so that the solar cells charge the batteries
during the daylight portions of the orbit but the arrangement is also such that

ve always have & continuous losd in the output of the solar cells will split

-60’

i




between the batteries and the load. This power transfer is arranged by this
large control box shown in the diagram. The voltage and current pointe vhich
are telemetered are aiso indicated on the diegram. The solar cell array is
divided into six or seven blocks - each fed to the power i_,nput point through
1s0lating blocking diodes. Power profile of the system 1is complicated by the
two modes of operation of the vehicle. In the first mode, the vehicle will
be ground commanded to take pictures in a remote area or it may be programmed
to teke pictures in the immediate vicinity of the ground station. This mode
(direct mode) can only occur if the vehicle passes over the ground station in
the daylight period. The telemetry is not recorded. It is only read out when
commanded - we only get instantaneous readings. There 1s always a continuous
load on the vehicle. This includes clocks, beacons, command receivers, repeaters,
the losses of the voltage regulstors, horizon scanners, and the few other
pieceé of equipment. (See Fig..?_Zﬁ) If we split the orbit period ﬁto

the daylight and night portions we will have a continuous power of approxi-
mately 11 watts drawn over the total period. The direct mode can only occur
and only assumes power over the daylight portion of the period. The play-
back mode can occur at any point over the total period, and the remote mode

can only occur over the daylight period.
137. How many cells to a battery?

170. There are 21 F cells in a series. To get back to the discussion of
power levels let us assume that all of the power is delivered at 24,5 volts.
The continuous power required is 11 watts; in the direct mode imposes between
100 and 120 watts; the playback mode consumes the same amount of power; and

the remote mode will be a function of the above. The playback mode will never

-
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occur simulteneously with the direct mode, but i;c may occur sequentially.

It turns out that over the total orbit the batteries supply a.pprbximtely
50% of the power. The minimum aversge power required over a 2b hour period
has been slightly in excess of 17 watts, Under present flight conditions we
should be able to reach an average of 24 to 25 watts over a 24 hour period.

'i‘he design approach was to hold the drain of the batteries to 10% or less. ‘["71//
150. What was the criteria for the selection of your battery?

173. We limited ourselves to a 10 hour charge rate so that the battery was
sized on the basis of charge that it could accept. Our design optimum would
have been 2.1 rows of batteries. In the flight package ve are slightly over-

designed with three full rows of batteries.
165. What was your storage efficiency?
173. Energy-wise it was on the order of 60%.

170. We have 21 cells at a nominal voltage of 1.20 volts giving a total
voltage of 25.2 volts. In order to drive the regulators we cannot go below
s minimm voltage of 25.5 volts. This minimum voltage has never been realized

in any of our systems tests.




VI. Discussion ¢f PIONEER and EXPLORER - R. Lipkis and R. Miller -

STL, Los Angeles, California

168: This morning we would 1ike to start off with a PIONEER
program, then go into the RANCER work, followed up by the TRANSIT work,
and finally a discussion of COURIER. This afterncon we will get into o
discussion of radiation asnd batteries. During the day we will limit the
discussions on the sbove programs tc approximately 30 minutes in order i
cover each irn the time remaining for the ccnference.

154: The inttia) requirement for ocur power system was to be 16
vatts. The configuration was to be adaptable tc three payloads (the
Able Three, Able Four Thor, and sn Abie Four Atlas). Some of the sarly
desigi assumpt lors were 100 mW/per square centimeters, 100O F cell
temperature; the alicwarce for raliation degradaticn was 20%. The power
output. of this systzm sturted “ut t2 be 16 watts, but because of the
conservative faiisrs above, . und by test that I actually had a 28 wart

bower system,

cells function
Atle 3 Expiorer VI 8,000 Earth sateilire
Able L Atlas 8,800 £,000 ft.
Abie L Thor Pizver v 4 8oc Venus
Able 5 8, 800

Just a short acte on *he Atze Four Atlas fiigat: seclar cells ion't work
very well under sal* water.

I1'a like to go into a discussicn of the schematic of the clectrical
system. (See Fig. 42 ). We have four solar cell paddies which are

electrically connected in parallel. In series we have & 15 ohm resistor
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which is ahérted out by a thermal switch which is mounted on the batteries.
A current monitor connects this resistor to the battery packs. We have
two 14 cell battery packs of Sonatone type F cells. Each pack is
isolated by a diode. We have a constant load and a converter supplying a
separate constant load. This converter supplies experiments, as well as
(on a command basis) a 5 watt transmitter. A second converter supplies
a ground commanded 150 watt transmitter. On ABLE Three only,we have taken
the output of a temperature sensor on the tip of a paddle unit in an effort
to calibrate the usable energy of a solar cell as well as the usefulness
of the glass slides and the coating. The cells on these vehicles are
covered with 3 mil glass slides. The quantity shown in the diagram are
telemetered back for analysis. On the ABLE Pive vehicle, we also have
facilities for under voltage and over voltage control. The significance
of the over voltage control is to turn on the 150 watt transmitter; the
under voltage control turns this transmitter off. Our range of voltages
is from 14.8 to 21 volts. This voltage level is modified for our lunar
flight vehicles where we get into the minus 2000 F temperature problem.
Because the battery voltage will go up when the temperature goes down,
we have opened up the voltage limits to 23 volts.
170: At what temperature does the battery thermal switch operatet?
154: On the ABLE Four and Five they have been set for 140° F. You are
probably asking yourself why we set the temperature so high vhen Mr. Belore
1s specifying 107o F for the maximun temperature. We have made this
decision in the interests of reliability. It results from a compromise

between thn demands of the battery and the pay load.
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Q.: Do you have an estimate of the accuracy of your telemetry
system?

154: This appears to be between 5 and 10$ The transducer accuracy
accounts for the major part of the error; the telemetry itself is
accurate to one part in 64,

130: Are you measuring the battery case temperature or the cells
within the battery?

154: We are measuring the temperature of the hottest cell in the
battery package. The transducer is on the case of the cell, not on the
inside. FIJ~¢3

148: Wnat kind of a transducer are you using?

154: A them‘stor‘ On future vehicle arrays we will be using wire
wound transducers for our solar cell measurements to accommodate the
wide temperature range. I'd like to go into a weight breakdown of this
pover system. The paddle and the spar structure of the modules have a
total weight of 15 pounds. For both battery packages our weight is 17
pounds. For our Loads: our experimental constant load is about 0.3 amps;
the five watt transmitter is a 3 amp load; and the 150 watt transmitter is
a 24 amp load. The 5 watt transmitter is capable of operating for two

hours; the 150 watt transmitter is capable of operating for five to six

minutes. Our depth of discharge for the configuration is approximately 33%.

During some testing on this program we attempted to evaluate cycling life by
charging at 2 amps and discharging at 15 amps for the period of one hours'
time for each cycle. We got 1562 cycles on a type F cell, using automatic

cycling equipment and a constant load.

-“‘
SEERET-




SECRET

165: What was the depth of discharge?

154: 15 amps for five minutes. The criterion of failure was & cell
voltage of onme volt.

160: How many cells did you do this to?

154:  Just one.

Q.: How long was the charge?

154: 2 amps for 55 minutes.

Q.: Is one hour the normal load cycle?

154: No. This vas a very accelerated test. We normally charge at a
rate between .8 and 1.5 depending on the satellite.

170: -Can you give us an idea of the projected area of the silicon?

154: The average area varied between 22.5 and 25% of the total amount
of cells on the vehicle.

151: The reason for the odd angles on the panels was to minimize the
variation of output as the solar incidence changed. -Flg x4

Mr. Lipkis exchanged places with Mr. Miller and will discuss
EXPLORER.

151: The temperatures on EXPLORER VI rose a fair amount because of
the variation in projected area exposed to the sun. (See Fig. #4 ). If
we plot the sun look angle versus projected area we will get a curve as
shown in the figure. Over a two months period in which we have received
data for EXPLORER VI the temperatures rose about l3° more than anticipated
and in PIONEER V the same thing has occurred. In the case of EXPLORER Vi,
the paddles started off at 5 to 10° F and went up to 15°. This temperature

rise may be due to darkening of the glass (these are neither quartz nor

cerium oxide).
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162: Have you been able ﬁo determine any correlation between the
increase in temperature and the performance of the power supply system?

151: The darkening of the glass may ﬁot have occurred in the region
of visible light so that the solar cells would be producing constant
electrical power. As the intensity of the discoloration -increases, we
would expect electrical degradation. On the subjéct of the communication
satellite, the ordinary eclipse of 70 minutes will not create a major
disturbance on the electrical power systém becaus; the vehicle will be
oriented to within a few degrees of the sun. However; during thev ascent
phase there is & six hour eclipse because of the design of the CENTAUR
vehizle. This will be a real critical problem from the standpoint of low
temperature on the cells. Possibly this problem could be overcome by
providing auxiliary shrouds which would be blown off at the end of the
ascent phase. This requires additional weight which is not desirable.
We have some experimental data on the effects of radiation on solar cells
from both ground tests and space flights. The ground data was dome to
give us a quick feel of the effect on STEER. These tests were run
between 40O and 800 kev. There 1is a report dated February; report number
STL/TR-60-000-04057. The significance of this data leads to the conclusion
that 800 kev radiation requires .065 inches of glass to stop the radiation.
That is to drop an 800 kev particle down to 145 kev which is the threshold
of damage in the silicon solar cell. This is in disagreement with the GE
data.

162: What kind of glass was on the cells?

Y




U —

151: For maximm lifetime, pure quartz or cerium oxide glass‘appeu-/
most atbractive until we have good evidence that other gl_asaes are capable
of withstanding radiation and not darkening.

162: Did you evaluate Corning Microsheet?

151: No. Neither do we have radiation data on the borosilicate _
glasses which Al Mann is using.

190: Could you give us one point on the results of your testing?

151: The total flux was 5x1013 electrons per square centimeter and
the resulting degradation was about 25$

152: I an avare of three sets of slides that were radiated by GE
and the ones which are of interest show no appreciable damage after
trradiation by 6x10%° electrons at 750 kev (borosilicate).

148: I have the results of some of these radiations on glass. They
seen to contradict the STL data. The Corning Nonbrowning Glass No. 8365
vhich is cerium stabilized and also Pittspurgh Plate Glass Nonbrowning
No. 6740 were not as good as the Corning Sheet Silica No. 7940 or
snother Corning product, Spectrasil. The latter tvo glasses did not have
any apparent degradation at 1016 electrons per square centimeter. The
Corning Fused silice showed a transmission of 92% before the irradiation
and 90$ after exposure to 1016 electrons per square centimeter.

151: We have some confirmation of this data from space showing the
effect upon charging current from the solar cells as time passes. By
averaging many readings, we £ind a decrease in this charging current down
to approximately 25% of the original current. Mfter tpproxi.t:;y one

£
months' period, an equipment failure caused erratic recdings., Because

A




this orbit was eliptical in shape and extended out to 22,000 miles, most of

the vehicle exposure occurred in the outer belt and was exposed oﬁly
slightly to the effects of the inner belt. Just for information I should
like to interject the comment on the VANGUARD power system vhich 1is still
working after two years. The design of the solar cell modules is such that
the windows are physically separated from the solar cells and thereby
creating heating of the solar cells by the “"greenhouse" effect. This high
temperature is probably annealing the solar cells, thereby reducing the
radiation damage.

14k: We use this same "greenhouse” effect in EXPLORER VII, the fused
silica window is 0.065 inches thick. The glass of that thickness will
stop up to 1 mev electrons.

151: VANGUARD doesn't get 1ntp the outer belt but it does sweep
the inner belt. The glass slides on the vehicle won't stop the high energy
protons of the inner belt, so you would expect radiation damage. There
was 8 paper presented at the first International Space Science Symposium
in Nice, France a few months ago by Rosenfarly and Sonnett of STL, titled,
"Boft Radiations on EXPLORER VI Earth Satellite." Yesterday, GE quoted a
figure of 154 damage estimated as a result of micro-meteorite erosion. I
think I'm responsible for that number and I had better explain it's deriva-
tion. What we attempted vas to get an estimate of the damage to glasa
vas then measured. Al Mann has also evaluated the loss in transmission by
grinding grinding the surface of glass; he also noted a 15% deterioration.

154: I'd like to point out that on EXPLORER VI we had mu-metal around
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the batteries because of a magnetometer experiment on the vehicle. This -

shield acts as an excellent thermal ba.rrief and caused our bdattery

temperature to be about 30o higher.
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VII. Discussion of RANGER - K. Ray - JPL, Pasadena, Californie

162: The RANGER program is basically the old VEGA spacecraft with
the ATLAS AGENA booster. The first two shots are escape out of the
atmosphere. They are not intended for any specific target but rather
to check long range communication. The second two shots are lunar
capsules - capsules are to be carried near the moon and be ejected to
impact on the moon. (See Fig. 4% ). There are two panels used in the
program. They are trapizoidal in shape and are connected in parallel.
These are connected through a blocking diode to a static converter. The
battery is connected between the diode and the inverter. On the first
two shots we will fly what we call a launch, acquisition, and back-up
battery. The panels are six feet long, 11 inches wide at the tip and
thirty inches wide at the base. They have approximately ten square feet
of area. There are 4,340 cells on each panel, Bi§ area coverage, 95
watts output fron each panci at a stabilized temperature of 39o C. During
the launch and acyuisition phase, the battery supplies the load until
the panels are illuminated, The panels are fixed to the vehicle which
is sun-oriented There is a high ralin astenna whick is earth-oriented.
Basically, the power system is designed to operate at 28 volts. The
launch battery is a primary silver zinc type weighing 120 lbs. and
delivers approxim;tely 70 watt hou}s per pocund. In the event that the
solar panels do not supply power, the battery is capable of supplying:
the load for 45 hours. There are no rechargeable batteries in the system.

Prior to launch, the number of cells of the battery are selected and
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appropriate connection is made. That is, we select 18 or 19 cells,
make the connection and launch the vehicle. This connection is not

altered in space. The discharge rate of this battery varies as the solar

panel output fluctuates - the two are arranged so that they always share
the load. The total load on this sytem is approximately 170 watts
max imum, -
154: How many éd 1s do you have in series on the solar array?
162: There are 62 in series. These cells: are something over 11%
efficiency (gridded cells). Each shingle on this array is parallel to |
the corresponding shingle in the adjacent series string. (See Fig.l/ 7 ). t
The shingles used for this program are both 5 and 6 cell types. This
variation was used to get voltage matching. We assume that the pre-
dominate mode failure would be an open circuit and therefore chose the
design approach indicated. We found it difficult to come up with a
short that is less than 100 ohms. See Fig. ’/i for a discussion of the
vehicle configuration. The design life of the vehicle is on the
order of 60 days.
174: We use the cell matching method by & constant current ¢echnique
and grade the cells accordin; to the voltage drop at this current. This
current is 52 ma. and is maintained by a variable load connected to the
celi’ "gze cells are grouped in 10 mv. steps. In assembling the
shingles, cells are selected so as to be uniform to within 50 mv. In
assembling these shingles, a special fixture is used so as to insure

proper aligoment and minimize excessive solder accumulation on the reverse

-72~
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side. (See Fiz.S?) ). The essembled shingle is meehanieally tested
by a fixture shown in Fig. :&7 . We use .006 inch thick eover glasses
with an anti-refleetion eoating on the top surface and & UV reflector on
the bottom. The eut-off is at 450 millimierons. Our transmission under
400 down to 200 is 1.7. The transmission over 550 to 1.0 is over 90%. These

measurements are for the [ilbvew alone (measured against air).
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VIII. Discuseion of TRANSIT - W. Scott, Applied Physics Lab.,
Silver Spring, Md.

167: The TRANSIT satellite is part of a navigation system intended
to serve as an all weather worldwide navigzation reference. Solar panels
are arranged in a ring around the equator of the vehicle. This is the

only area available because of antenna considerations. The original
version had twelve solar panels of 70 cells each with all twelve

panels connected in para;lel, each with an isolating diode. The One B
version had a complete set of 24 panels; the current version (2a) will
have a larger array to be described later. (See fig. J& ). The
frequency determining crystals for the transmitter are mounted in
separate dewar flasks each suspended by nylon webbing. The whole inside
surface of the vehicle is coated with a laminated fiber glass and mylar
blanket for thermal insulation. The vehicle is designed to operate
stabilized only by spinning. If we plot the power output vs. the angle
of incidence of the sun we will find an output variation as shown in
£i. ’;’ . The configuration of the power system for the One B vehicle was
twenty-four panels each with a blocking diode coming in to a tapped
battery through a thermal swit;ch ard command switch network and then was
connected to a second battery.." ' The second battery is trickle charged
throughout operation and is never fully recharged. The main battery con-
sisted of 15 F cells; the second battery of 10 D cells. The two thermal
svitches between the array and the batteries are set at 105 and the other

at 100° F. These are intended to protect the payload from excess heat

of overcharging the batteries, In the 2a system we have gone to the




larger solar assembly and is shown in fig. 5§ . Ve used a 12 eell
battery. Each array has an isolating diode in series with it for
protection. in this system we have a voltaze rezulator whieh regulates
the output of the main battery and delivers plus or minus 2% accurate
output. We use fuses to proteect the system from converter short
cireuits. These only protect against a 1 or 2 ohm short eircuit and
therefore should not impose degradation of reliability. The battery
has 12 cells, F size. The solar power supply has an instantanesus
capability of 15.4 to 19.5 watts. Depending upon the mode of operation
the load on the system can vary between 3.5 and 8.5 watts. These vehicles
are designed for flijht at a 400 mile circular orbit.

154: How many panels do you have on the 2A& vehicle®

167: There are 2 panels consistin: of 150 eells split in three
50 cell series sections. So there are 72 circuits in parallel, each
protected by an isolatin: diode. We are using glass slides with a UV
reflective coatin: in order to reduce our operatin; temperature. 24
1s split into two halves as far as the solar array is concerned. This
is required to accommodate the despin mechanism runnin: around the
equator of the vehicle,

151: 1Is the ;lass on the current flyins vehicle cemented to
the cells?

167: No. This is similar to the Vanguard design and use epoxy cement
to hold the glass to within 1/16 of an inch of the surface of the cell.
The construction is such that the trapped air will readily escape in space.

132: Do you have any nickel eadmium batteries in your system?
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167: Yes, the main battery is nickel cadmium and the smaller

tensile unit is silver zinec.

162: What is the designation of the cells in the silver zinc

battery?
167: These are Yardney IR 100 cells. These weigh about 32 lbs.
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IX. Discussion of Courier- G. Hunrath - USASRDL, Fort Monmouth,

New Jersey

144: For this particular satellite, including series of planned
optimizations, the orbit will be 109 minute (70 minute light, 39 dark)
and the peak load is 255 watts. The continuous load is 4.2 wat+ s,
Designed voltage is 28 volts, fé for the 58 watt system. There is A
possibility here that we can control the number of cells depending on
how the system will behave out in space. Design on this particular point
is pretty tight due to limitations on the available araa.

) 161: For this particular design, the solar cell modules are con-
structed so that we have 84 cells in series, (1 by 2 centimeter cells)
constructed in T-cell shingles per module arrayed in six strips in this
hemisphere. (See Figure; flh "A" modules in parallel and "114" B 1in
parallel, each connected to a battery). The maximum power capability
will be in the area of the equator. Battery-cell connections ere shown
in the figure(£7),

These particular batteries are 12 ampere-hour batteries with 22
cells (actually two il-cell batteries) in series {similar to batteries
developed for Lockheed). They have a pr ssure relief valve at 200 psi.

1bk: Baced on their (Philco) thermo analysis they con't anticipate
temperatures higher than probably 90°. Solar-cell and battery temperatures
will be monitored. |

161: Temperatures have been estimated at six different points (refer

to F:Lgure‘)’. At an amblent temperature of 76 F they got temperatures
-77"
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of 8, 8u, 79; 85, 82 and 80 at locations 1 through 6 respectively.
This was on the 679th cycle, but they ran a total of 1507 cycles. The
1att 100 cycles were in a pressure of 170 microns and there wasn't too
much variation in temperature over that period. The highest I see here
is about 8&0 on the center cell and the lowest I see here is at 770 -
I believe is the lowest. At an ambient of 76o which was maintained
throughout the test, variations ran from 77° to 81#0. The charging of
cu;mnt ‘T think was 1.7 amps. The actual cycle was 35 minutes charge
at 1.7 amperes and a five minute discharge at nine amperes. The one
problem they had was that the overcharge voltage after about 700 cycles
went up well over 32, and maximum allowable overcharge voltage is 32.
Hovever, this is not a problem because they are using two arrays
80 the charge current will be sbout half of this. It was originally
intended to use two batteries, but they couldn't switch them.

130: How do you maintain & temperature of 100° F in space, with a
large part of the sphere covered with cells.

1kk: This is a result of Philco's final analysis and they are making
a re-run. I will see if this report can be made svailable for the
minutes of the meeting. The sphere 18 spin-stabilized.

162: Will you draw a cross section of the skin and cell?

1iki: (Bee Figure 5?) This is the six mil quartz slide. We have
one silicon resin and another which bonds the T-cell unit to the skin.
The resin used for bonding glass slides to cell is Q30LOO and resin used

to bond shingle to skin and skin to call is Q3012l. (These are Dow-Corning
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156: A heat-exchanger may have been used; this wogld help explain
some of the temperature estimates. '

134: Did you run some low temperature tests:

1bh: Yes. We ran a discharge at +30° F and Philco at 30° and 95.

57: Regarding the remarks that Dr. Snyder made before lunch, he
intimated that maybe photo-chemical or thermo-chemical systems might be
more complicated than conventional batteries. That is probably a correct
statement but I think we have to consider the potential of regenerative
systems. They are in the early stages - I don't think they should be
written off completely at this time; most certainly R&D work should be
continued in those areas.

168: I am not writing them off completely. However, it appears that
the best you can do with an 1{2 = Oy regenerative system is about five
watt hours per pound on a charge/discharge basis.

147: That depends on total system power, doesn't it?

168: Yes. This was for about a 500 watt unit. However, by the time
they build a complete unit involving pumps, etc., the weight is there.

In any event when you get above 3KW, I would worry about any solar system.

79~
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X. Discussion of Ni-Cd Storage Batteries - A, Mundel - Sonotone,

Elmsford, New York

156: Fundamentally the Ni-Cd battery system consists of two plates.
Both of these plates in our particular embodiment of this battery are made
on & very porous nicKE»‘ base. A nickel salt ~is pléced on the positive plate
and a cadmium salt on the negative plate. In ordinary vented cells, liquid
is brought up to the level where both plates are lmmersed. There is a
separator in between the two so that they don't come into mechanical
contact. When you have a charged condition you get oxygen off positive

plate and hydrogen off/fzehg%tive plate. In the sturyed version there is a porous

separator between the two and enough electrolyte- to be absorbed. This is
critical as to amount of electrolyte in the cells. In this particular
case, we set this up so that the positive plate becomes charged first and
the oxygen from this plate is converted back té a cadmium oxide, on a
negative plate so there is a limit to the amount of pressure these generate.
We believe that we never generate any hydrogen: if we do we are not juite
sure vhat mechanism occurs to recombine that hydro_gen, or whether it stays
there or leaks out through the tin can around it. In the sealed version, we
design so that the positive plate charges first. This permits recombination
of the oxygen and minimizes the hydrogen regeneration. In an"l-"‘cell, the
plates are rolled like rolling two newspapers - it's apt to be rough on the

Flﬁv‘o
plates nechanically.’ This is one problem. These rolled plates are then

Placed in a cylindrical can. For the hermetically sealed cell, a top is

welded on. The leads from the two plates are brought out through a glass

—po-
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seal. This 1c the hermetlcolly sealed b:\.ttcry.. "here arc other vnrintions;
In the Courier cnd Tockheed proproms, ‘the cells are reetongulee. 7The
brttery s of the some type but the electrodes are just i‘é}ing one on

ton of the other. “here is » eowcrei~l vo-nioa 5 0 Mgl un
returlly rolled on odge of o oseol uver o plee. ol ok v thn
diswdventapes of o cenled c2ll over the vented cell iu this: In the

serled version vien yre overcherge and ceconbine gas you have an

efficient heat generator. That energy which is not converted to chemical
energy is converted to heat. With a vented battery you don't really heat
ui;; in fuet, you may cool down on overcharge. However, there's a limit

to how much you can overcharge in a certain time and you lose the

vater from the clectrolyte, so there is a limitation on the number of
cycles you can pertorm. f%he diffieulty that you hear about in this meeting
is due particularly to the rate of overcharge which warms up this cell to
high temperature. Then the cellulosic separator dissolves in KON et high
temperatures. This is a very definite heat problem. It might be solved

by putting in o separator which will not hydrolize at high temperatures.
This could mean that you cen operate cells at very high temperatures; how-
ever, the electro-chemical system does not é"are energy nearly so well at
high temperatures. We hrve evidence that you can operate cells up to

212° vithout damaging the separator. We have gotten this far with these
prodblems, but they necd some further clarification. One aifficulty vith
teflon as & separator is that it doesn't wet. Hence we are working on other
shés by, i e, nylon, ete. Why doec one wunt the KON absorbed in the |

separctor? Decause, otherwise, if you have spinning you might drive
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electrolyte out of the separator to some corner and electrolyte doesn't
flow dack into proper place at high ‘altitudea (zero "g" conditions). This
is one prodblem. Ve also have a sealing problem and a viability problem;
i.e., the problem of keeping two plates separated. However, I don't think
we have a8 problem of the cycle ability of nickel-cadmium plates. This has
been proved out by thousands of cycles made of this system either in the
sealed version or in the vented version, and further proved by the fact
that you can take plates from batteries, replace the separators and start
over. This is & very slow (many year§ etching of nickel by KOH. A battery

.does not charge and discharge at the same voltage, and these voltages also

change vith temperature. I don't think it's likely that we will change
these electrochemical facts of life. I do see eliminating variations;
we don't know hov to make plates that are perfectly uniform. Perhaps

wve mat control a set of each of these as they are assembled a little
more closely than wve do. Another question involves the use of these and
s mgnetometer simultaneocusly in a satellite. I dmm't think that it is
going to be easy to make a battery of this type vhich is non-magnetic
because of the nickel plates, but there are special steels vhich are non-
mgnetic, and vhich could be used to construct a non-magnetic case. Ve
have tried to briefly tell you & little about this battery.

613 At the high temperature, hov many cycles did you run it?! It's
been stated in the pest that temperatursup that high have permanent effect
on positive plate.

1bh: Ve haven't as yet run any cycles.

Q: Did you find any decrease in capacity (fading)t

-92-
SECRET




ks The plates axe cxposed to those temperutures during monufacturc.

¢: Vhet temperatum do you dry the plates at?

ikhs  Avout 180° F.

132: We don't heve the cyele data, but in doing this teflon separator
we compared i{ directly with the present separator. The present separator
fell apart; further then that, the cell made with teflon on & cyele at

room temperature showed it had ful) ecaprcity, at least it hes promise.

~ We feel thrt the system has demonstrated enough promise to warrant further

work. It isn't Just a battery that will never work but a great deal of
work is still to be done. Whether we can do it for satellites remains

to be scen. One thing that wes pointed out is that we don't get o chance
to get u coneentroted production run on these satellite batteries. An
order comes through with three wecks delivery for & certain number of cells,
but not o reul production set up. As production continues, one can improve
aunlity, but not if the lincs arc opened ¥nd closed continually. We want
to get this into a production set up vhere chrrveteristics wil) improve.
There are two main problems.(separators and thermal). One prodblem is
cepnrator disintegration, Thic we know we con solve vith a proper choice of
ceo rrtor. Che othes poblen (s un Lo the desi engtocors . e tno

th:t =t high Lernpoerstures you must oxpect

e 1o8s in efiiclency. Thic means that in thinking of 2 batie.y you think

in terms of {its thomql properties and measures must be taken to dissipate
vaste heat. We can attack it with improvement of the separator - you design
engineers must dissipate heent, ‘\We will then have overcome most of the

prodblems.
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137: Vhat is the number of cycles you have obtained on teflon cells
aad d0 you have any qualms sbout cold flov of teflon’

1b4: We have no qualms sbout the cold flow of teflon because it is not
under compression. In order to achieve a compact battery we do not fcry to
squeezs the separator into the can because this will be placing the
separator under conditions where it won't last long. However, when you
roll you get sharp corners at times.

Q: Isn't there a possibility that these could give you compression
on the separator?

1kk: I believe so but this doesn't bother me because there's s vay
of rolling plates vhere you don't get sharp corners.

57: Concerning non-magnetic cases - one was developed for mine-
applications.

Q: That's the casing.

Q: There's s nickel-plated steel - they had a problem with high tem-
peratures. We knov ve can make the plate and in rolling you need not place
teflon under compression. We have not done cycling but we have undertaken
more effort. As you have seen here the problem 1s a thr!ﬁlproblu - the
heat 1s genersted in the over-charge part of cycle. This part we have
tried to answer by placing the cells in a elevated temperature environment
and keeping theam oo continuing charge.

167: Could we ask for & summery of all test results at your place?

1dh: Ve have & summary - it will be placed into the record.

167: Can we add ours to yours? We have had four failures out of 25

in teflon...
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1bk: These are internal shorts, I would like to bring something out -
Just think back to the delivery schedule on these.
Q: Yes, the companion order for paper cells was extremely short, but
teflon was at your convenience. Ve didn't place any restrictions on that.
1sk: I remember this - these cells were among the first teflon cells -
these failures were mechanical that could be controlled in manufacturing.
168: When I first came into ARPA I looked at the battery problem
and thought here's a whole agency (USASE-DL) devoted to it. The military
have been using batteries for years and they should have done recearch.
Hence I would put my money on newer things, but it's now obvious that I
should have put & good chunk of my money into this field. There ought to
be significant funds for this NASA indicated their interest and DOD
indicated interest in doing something involving a lost of R&D - in order to
approve these and do proper testing you need almost a separate program.
But it will be straight R&D money and its difficult to get it. The problem
remaing that we recognize e difficulty and there just hasn't been encugh
batteries bought for the manufactures to do much research. A similar
situation has held true for golar cells. Hovever, we have put, in terms
of government agencies, very little money into R&D on rechargeable batteries
for space vehicles. This is a weak point. The one bright spot has been
the fact that thrcugh AFEBMD, Lockheed had a development program and this
vas really just to do something a little different. There is some research
going on at Lockheed with this same battery, isn't there, Chuck?
Chuck: Yes.

-¢s




130: Disregarding teflon, are you using your cellulosic separstor
in all batteries including’F and Lockheed types, or are there several
different ones in use?

I assume there are,

14kh: We are using cellulose completely - F'cells have the same
separator as the Batterien on Courier.

130: T find it hard to bridge the gap between temperatures. What
1s the limiting temperature? Ve ran some tests st RCA's and Signal Corps'
request at three temperatures - 95 F, 120 F and 131 F. These tests con-
sisted of placing ¥ ‘cells into these temperatures and charging them st a
9-hour rate which is the rate RCA used in Tiros. We are trying to doudble
check information to see vhether failures would be experienced and to see
vhether wo could arrive at safe temperatures. Results are: - did fail
at 131 - 4id fail at 120 . those run at 95 4id not show failures at that
tims. This was ambient tempersture. ‘ '

132: Doesn't a measurement of cell temperature depend on configuration
of cells as used in a battery? During some work at Lockheed, battery people
in the lab found that as temperature rose above 105° they got peculiar
voltage reading. Then when they dropped to ambient temperature, the battery
recovered to vhere it was supposed to be and they continued on for
several hundred cycles. This began to indicate that ve had a therml
problem. We thought 165° vas a good tempersture for batteries, but these
tests shov us that & relatively safe cperating temperature would be 100° F
surface temperature of cell with cellulose separator. If 105° is the limit

-p6-




to permit infinite cycle life on a cell or battery you would be safe using it.
156: I don't think its at ell proper to say thet the only possible
solution for separators is teflon. There's other evidence right in our labs
that Webrill and Nylon might work satisfactorily as separators.
132: All we are poiné“%o in teflon is that the resulte of this work
with teflon indicated en avenue of approach to a solution of this
problem of elimincting cellulose. Ve want to find a separator that
will be: (1) Less temperature sensitive, and (2) be porous enough to allow
recombination of the oxygen. Several separators have indicated promise -
teflon has one disadv;ntage - non-vetability.
9: llave you considered the use of laminated separetor?

Q: Yes we mey have to go to a double separator.

-&7-
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XI. Discussion of Radiation Demage to Solar Cellis- Dr. W. Coolsy, NASA,
Washington, D.C.

138: I want to outline some of the problems of radiation damage to
solar cells as I see them. Basically, it falls into three categories:
(1) What do protons and electrons do to a solar cell; (2) what is flux
of protons and electrons in Van Allen belt and (3) vhat do you do about
1t? One of the points drought up is data by Rappaport and Lofevsky
of RCA. The basic point is with protons at 17.6 Mev energy a bare solar
cell vill degrade to 75% of its output after an integrated flux of 3.5
x 1010 zﬁg_ﬂ_ This is & very high energy proton and we do know that
in lower Van Allen belt there are protons above this range. The measure-
ments made 80 far only measure above sbout 40 kev electroms and for current
equipment they only measure protons sbove about kO mev. The other data
from Rappaport vas for 1.7 mev electrons. If you have a total dose of
5 x 1013 electrons/ca®, they will suffer s 25§ degradation. Dr. Sheltom,
in his Buntsville studies, has analysis to predict life of solar cells in
radiation belt, and taking into account one set of film pack data on the
protons that is reached by Freiden. The reference on emulsion is Physical
Reviev, Letters to Bditor, Vol 3, No. 1, P. 9, July 1, 1959. These are
in the middle of the inner Van Allen belt at an altitude of 1200 kms. In
the question of vhat is up there are two factors; one, vhat is the flux
of protons and electrons and what is their energy diltributiontﬁ’i'nty'
doss it vary with positiont Positions of lower and outer Van Allen belt are

fainy stadle, but its a problem of time variation of cuter belt due to

-~
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such phenomena as solar flarves. The flux of solar-flares sveeps out the
outer Van Allen belt and you have a fairly lov density in that belt, but
then it builds up again. We have no idea what the low energy proton
density is. We think both are dlectrically neutral; i.e., the number

of negative and positive charges are equal, but their velocity, i.e.,

and hence their fluxes vill be different. Electrons and protons sre
reflected between the North and South poles, due to the magnetic mirror
effect. Protection for cells: You have heard data from CE on the use of
glass, and it looks like quartz or cerium glass is a possidbility. For a
ol.hour satellite no one vill make firm estimate, but vhat of o - 70
mils of glass for two years in 2b-hour orbit? This is not a firm estimate.
The other possible method would be to make use of annealing phenomens, if
the cells run hot enough. This damage is the sort which degrades the
charge carrier lifetime. This results primarily in a loss of current
carrying cepacity of cell. Van Allen pointed cut that it takes a thick-
ness of glass of 260 willigrams per square cm to stop 780 kev electrons,
and that weight corresponds to sdding about one half pound square foot
to the area.

147. if you pui more and more mass on front, it may become the
structural member, but you still have to have balanced masses because the
cell function is a critical area. You have to have equal protection
fore and aft.

138. Ve vant to get experiments going on cells vith or vithout glass
protection at variocus energy levels going down to 200 kev and some further

checks of the protons at 10 mev and 20 mev.

-£9-
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147. An sdditional problem of irrsdistion in the shadow zone must
be considered. In this condition you cannot make use of high tempersture
annealing. Therefore, vhen the vehicle reacquires the sun, both 2 thermal
shock and annealing proce;a will have to be carried out simultaneocusly.

168. We also need the integrated flux through these belts.

147. Are you familiar with the nuclear emulsion recovery package?

138. A little; they will give some data.

147, 1Its general objective is an explomtory\ flight to measure
lov-energy particle demsity. Its time of flight is less than a year. .
The other thing would be to get some detector that measures protons and
electrons that can be mounted on skin that vill measure vhat happens
in the first fev milligrams of thickness.

168. Rloom of Livermore has recently given a paper on solid-state
scintillation counters. We have here a broad research ares - we vant
to get going and ve need experiments on current flights to get measure-
ments up there and a better idea of how to protect cells without adding
coe-balf pound of glass per square foot to the skin.
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- BECRETF v o ‘*

XI1. Radiation

Part 2

1. Per J. J. Loferski and P. Rappaport, "The Effect of Radiation
on Silicon Solar-Energy Converters", R.C.A. Review XIX, 536-554 (1958):
Integrated Flux of Particles Required to Reduce Solar Cell

Pover Output to 75% of its Initial Value.

Particle Type P‘ (particles/cmz)
13 15
1.7 Mev electrons 5 x 1077 (vacuum) to 1.5 x 10~ (air)
17.6 Mev protons 3.5 x lOlo
Lo Mev @-particles b4 x 10?
2. Per John Freeman of S.U.I.
Particle type Integrated Flux Effect
13, 2

5 to 10 kev 2 hrs at 3x10 ~/cm sec No permanent damsge (20%

electrons 17, 2 decline in short circuit

= 2x10 /em during bombardment

apparently due to heating
only - subsequently run
with 100% output).

2
180 dev protons 5.5 hrs at 5x108/cm sec | 35% decline in short cir-
13, 2 cuit current during bom-
= 1x10 ~/cm ; bardment.
Recovery to about 90%
of original value after

cooling.
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Radiation Situation in Outer Space

(Per Nature (London) 184, 219-22k (1959))

1. In the heart of the inner zone

2
Electrons of E ) 40 kev, 2::109/cm sec steradian
Electrons of E > 600! kev, lx107/cm25ec steradian

2
Protons of E » k0 Mev., 2xloh/cm sec.

2. In the heart of the outer zone (3 March 1959)
1, 2
Electrons of E ) U0 kev, 1x10 /cm sec
8, 2
Electrons of E ) 200 kev, ¢{ 1x10 /em sec
6 2
Electrons of E 2.5 Mev, { 1x10 /em sec

2, 2
Protons of E ) 60 Mev, ¢ 1x10 /em sec.

3. In the heart of the outer zone (6 December 1958)

2
Electrons of E ) U0 kev, 6x109/cm sec.

Lifetimes of Bare Solar Cells (to 75% of Power Output)

1. In the heart of inner zone
5
a 5x10"sec = 1 veek (by electrons of E ) 150 kev)

~ 2:(106sec = & months (by protons of E > 40 Mev)
2. In the heart of the outer zone (3 March 1959)

~ 5x1053ec = 1 week (by electrons of E >150 kev).

-72o
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3. In the heart of outer zone (6 December 1958)

6
~ 5x10 sec = 10 veeks (by electrons of E > 150 Kev) -

Lifetimes of Shielded Solar Cells

1. Extrapolated Range of 780 kev electrons: 280 mg/cmz. Such &

shield would increase the lifetime in the inner zone to that deternmined

by protons i.e. from 1 week to & months. Sputnik III and Vanguard I
experience probably does not co-unterdict this estimate due to small
fraction of time in heart of inner zone.

2. Minimm shield thickness to do any good for electrons is
equal to the extrapolated range of 150 kev electrons = 25 mg/ cm2. A
shield of several times this thickness, say 100 g(cmz would stop all
electrons of E { 370 kev energy and would extend the lifetime by an order
of magnitude at least - that 18 to » 10 weeks in a high intensity outer
zone. (100 weeks for a low intensity outer zone) or to 4 months in inner
zone.

3. Intensity of low energy protons in outer zone is unknown. Since
(by L. Daivs) there is little or no voltaic effect from bombardment of solar
cells with 5 kev electrons (100 m g/cm2 range) 1t might be supposed that
there would be no effect of protons of same range, i.e. 50 kev protons
vith bare cells. A thin shield, of say 25 mg/cm2 (a la Explorer VI) wowld

2
seem prudent and 100 mg/cm quite desirable.

Excems from J. A. Van Allen Memo to N.A.S.A.

>~a




1l

XII. Discussion of Solar Cells - Dr. W. Wright - Electro-Optics,

Pasadena, Californie.

190: The rsdiation damage seems to be a real problem. It is

essential to know what the integrated dose of radiation vill be for any
nission. We can either simply keep it away from cell {glass), or do &
1ittle thinking ebout the fundemental mechanism of the damage in the

cell. This has been reported in other devices. In a semiconductor,
minority carrier lifetime is the first thing to be detected. The threshold
levels of damage in a silicon solar-cell are known, and they are & bit

more rediation resistant than some other semiconductors. But we still see

as mich as a 25% power degradation or output degradation vith a total

2
electron flux as small as 10*3 elec./em.” I think it should be possidle

to design the silicon solar-cells to be more radiation resistant by a
factor of 10. First thing to be done is to design it to be less sensitive
to minority carrier lifetime. We are interested in short circuit current
and its relation to efficiency, and this is going to be approximately
proportionsl to minority 1ifetime. ‘The open circuit voltage wvill be
proportional to the logarithm of the short-circuit current over the
ssturstion current. Radiation will decrease the short circuit curreat,
and increase the saturation current. This can be improved by utiliting
p'é.doonl I think we should be able if ve ask this question properly

hov can we meximize rediation resistance.
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APPENDIX R

Communication Satellite - 6 hour orbit

Power System Design

Load Profile:
- ) u* .J .
] (;f-ézmc;‘,}:s —330 watls( tronsm, ,~.,,_\J¢}
Cyck

2 166 watls

S (5 fondhy mode)
~

hl €& hour ord,} period

s, Maximm dark periods 45 mimtes

b. Reorientation time (estimeted): 10 mimutes

¢, Ascent time: 135 mimtes

d. Tower on stand: 5 minutes

e, Load during sscent: 166 watts

£, Por injection into longest dark period load during initial orbit
is 166 watts,




Army

Tem b

i e s b

Systep Schematic
Power ™ ]
Cor trol - ‘ 28 voc 2 # 2
Uhl‘f .
() Ground
X (o:mhohd)
Solor I - EB Sw. foh ]
Prray 1 ro o *
°) 7 Bart 2-1ar Regu boor Bydo P
K Temp. N.-cd
Sclar I Bﬁ#‘” I
clages
ﬂrra, ﬁa L_ --—:— et S/n»o’éy Trunsm,
'T' koad hoad
"l..‘ S,,.,a /e fo-n t aro«.md

T = Telemetered data

I, = Arrey current
IB - Battory .
Eg - Battery voltage

NOTES:

1. Mo allowance for battery or solar array redundancy

2. Bettery temperature controls

a8, Heat eink control to maintain battery cell temperature
at 75 ¥ 10°,

b, Combined battery temperature - voltage control to limit

solar array current,
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Electron Energy
—ip Kev,

200
200

888

ELECTRON RADIATION TESTS
6x1034 elect’.x-ona/cm2

Quartz Cover Shield Efficiency at 0.39 Volts
Thickness in Inches ~Initial _____ Post
0 8,18 8.23
0 8.18 7.85
0 8.34 5.62
0 8.34 Broken
0 8.3% 4411
0 8.34 4.67
0.010 8.18 8.42
0,010 8.29 8442
0.010 8.34 7.28
0,010 B.34 6.93
0,010 8.34 Ledb
0.010 8.3 4,38
0,040 8.29 8.28
0.040 8.29 8.35
0.040 8.34 8.45
0.040 8.34 8,23
0,040 8.3 Broken
0,040 8.34 Broken
0.070 8,29 8.23
0.07 8.29 " B.45
0.070 803‘ 8002
O.W 8.3‘ 7062
0.07 8.34 8,23
0,0 8.34 8.23
-
Fr6 S5a
-7;r




ELECTRON RADIATION TESTS

6x1015 cnlect.roms/cm2

Electron Energy Quartz Cover Shield Efficiency at 0.39 Volts
—in Kev, Jhicknese in Inches L
200 0 8,34 Broken
200 0 8.34 5.2
400 0 8.29 3.02
400 0 8.12 3424
800 0 8.34 2.6
800 0 8.34 2.6
200 0.010 8,34 8,2
200 0,010 8,34 8.4
400 0.010 8.12 4.1
400 0.010 8,12 3.8 ;
800 0.010 8.34 2.8
800 0,010 8.34 2.1
200 0,040 8,34 8.2
200 0.040 8.34 8.2
400 0.040 8,12 8.0
400 0.040 8.12 7.8
800 0.040 8,34 3.7
800 0.040 8.12 43
200 0.0 8.34 8.05
200 0.070 ) 8,34 8.0
400 0.0% 8,12 8.0
400 0,070 8.12 8.0
800 0.070 8,12 7.8
800 0.07 8.12 7.8
F1g. 56,
-/00 =




ELECTRUN RADIATION TESTS

6x10u’ electrons/cmz
Electron Energy wartz Cover Shield Efficiency at 0.39 Volts
e inKev, __ hickpese in Inches —Jinitia] “ort
200 0 8.6 8.0
200 C 8,9 8.1
400 0 8.4 5.2
400 0 8.3 447
| 800 0 8.6 3.5
800 0 8,7 J.2
200 0.010 8.9 8.8
200 €.010 2.3 7.2
' 400 0.010 8.4 5¢3
‘ M 0.010 8.7 5.w
| 800 C.010 8.5 2.6
800 0.010 8, 3.2
200 0.040 8.6 8.3
200 0,040 8.3 7.2
400 0.040 8.5 8,7
400 0.040 8.9 8.9
800 0.040 8.7 5.1
300 C.040 8.6 4ob
200 0.070 8.5 7.8
| 200 0.070 9.1 8,2
400 0.0% 8.8 8.6
400 0.070 8.7 7.8
800 0.070 8.5 8.2
800 0.070 9.2 8.7
fri Se.
- ,o /-
iy




ELECTRON RALTATION TECTE
6x1017 elect.:-c>ns=/cm2

| - Electron Energy uartz Cover Shield Efficiency at 0.39 Volts

in Kev, Thicknees in Inches Initial Fopt
200 0 3.90 3.58
T‘ 200 0 9.08 4.11
| 400 0 8,69 2.33
400 0 2.5C 1,7
| 800 0 4,73 1.4
| 8¢0 0 3,53 1.4
‘ 200 ¢.Cl0 9,06 7.84
‘ 200 0.01C 8.95 8.45
| 400 0.010 2,92 4,33
‘ 400 ¢.C10 914 2,92
‘ 800 0.010 9.12 1.7
20C €.040 8.65 8,12
| 200 0,040 8.41 6,50
400 0.C40 8.93 8.72
400 0.C40 8.26 4,00
800 0.C40 9.00 2,61
8co 0.040 8,98 2.53
200 0.070 9,03 8.40
| 200 0.070 8.67 8.40
| 400 0.070 8,73 2,27
400 0.070 8.69 7.89
| 80C 6.070 3,73 5.30
} 800 0.070 9422 8.40
| S LA
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8800 total cells
50 cells in series

Resistance equivalent to
allovw comstant load and
battery trickle charyge
to be maiatained.

amd diode - L coqe eives
176 parallel strings P B | - e (&_;_odo ”Qp;""zi'l"’“'f)
s O =
| ! \ : B 2
- g b : I 2o X 7, |
Nraidierd - o4 LR O s o dren | lewr
i oa— ‘- ._T/l/’@—wx ¢ o 125
/ T o 5., - N N . ) -
i N S  E AN & [ 200
. { N~y T l 2 (I5ow
V |°_ g _I / i ./o I 2. QAL
. - e o3 b = - N - "—{X.‘V_’rﬂ'
R : l__'l - — N / ~ “Comima nd 1EWY | S rr
. i .. 7
h . --—-—-—t:‘l, €A T T |4
> : [_,.__ 4 e o - l ] ] o //.
) ‘. X * X
N , I oo Wts, Paddles 16 pds
/s - | TL Batteries 17 pds
_ Gen. Power 32 vatts

Area Utilization 22.5-25%

Command gwitch positions can be activated as well
by an over or undervoltage coatrol.

Sensors are slaved by battery bus. reg. 14.8-23
volts.

Fig. 42
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Selar Array Desigp

Design Basis:
1, Paddles are sun oriented,
2, Silicon solar cells - conversion efficiency at 100 mw/cmz
(Tungsten source) at 25°C is 9.3%
3. Paddle temperature in light is 40°C. Output loss equals 0,6%/
degree C or 8% due to 15°C rice over 25°C,
4 Solar flux in space - 140  mw/cm®
5. Reduction due to spectral distribution in space ‘is 15%
6. Transmission loss through cover glaes is 8%
7. Packing factor - 85%
Combining above gives
140 (1-.15) (1-,08)x(1~,08)x.85 x.093 = 7.95 mi/cn
00795 x 5:;2 x 144 = 7.4 wvatte/eq ft,
8., Array sige tradeo..“f studies in progress, Approaches are:
8. Sise  array to provide maximum tra.emit load (330 wvatts),
This gives
X = 445 sq. ft,
744
Two paddles, each 3 x 7.5 ft,
b, Optimum sising is dependant on
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(1)

(2)

Battery cycling capability (max sizing as indicated above
results in least battery cycling, but contimuous over-
charge may present a problem)

Radiation protection requiremente. For seventy mil glass

veight estimates are 2.3 Zlbs/!‘t2
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BATTERY

Deseription:

The battery will consist of 2 packages, each containing |
11 series connected 40O ampere hour sealed rectangular
nickel cadmium cells, The two 11 cell packeger will also
be series connected, and the overall battery open circuit
voltage will be 28,6 volte, Fach 11 cell package will
ve’ight approximately 60 lbs, and the individual package
dimensions are expected to be 8" height x 6" width

x 18" length, The 11 cell package caze will be mede of
magnesium and the arrangement of the cells within each
package will be based on heat transfer as well as electrical
considerations. The individual cell cases within the
battery will be electrically insulated from each other

ae well as from the battery packere magnesium case,

DWER REQUIRRMENTS

Ascent Thase:

During the ascent phase the battery must supply 166 watts
for 135 rimutes, At the minimum diecharge voltage of 23.5

. volte, the battery must therefore supply 15.9 ampere hours

Orbit Fhase:

at a 7,05 ampere discharge rate,

During the é hour orbit the battery must supply 330 watts
for a maximum of 55 mimites or approximately 13 ampere
houre, There is to be a 72 minute period during which
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time the battery will float electrically acrose tie
busses, During the remaining 23/ mimites the battery
will be recharged approximately 15.6 empere hours which
is a 20% overcharge, This 20% is the minimum overc harge
for any 6 hour orbit., During & considerable period of
the year, the battery muet withstand 100% contimious
overcharge without degradation,

The limiting factor in sizing the battery is the charge
rate, At the present state of the art, a 10 hour charge
rate is considered maximum, Applying thie figure to the
following equation which is similar to that projected by
V. Thomas of Bell laboratories the capacity of the battery
must be 40 A, H.

c= 1 8 [F G+ B)]

C = Capacity of the battery in Ampere hours,

I;, = Load current supplied by battery = 14 amperes

Hp = Maximum permieeible charging rate in houre,
This is the time which must be taken to charge

the battery from O to 100%.

f- = Pattery Nischarge time = _55.
Battery Charge Time 234

Minimum overcharge necessary for a contimous
cycling program, Thie is a fraction of the capacity
removed on discharge, At the present state of the

art 0.2 is considered a rearonable figure,
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C = (14 ampere) (10 hours) [ﬁ 1+ .2)]
234

C = 39.5 ampere howrs.

With a battery of 4O ampere hour capacity the % depth
of discharge during orbit will be 32.5% (%g ) « This
battery will be able to supply the ascent requirement
of 15,9 A, H, plus the lst orbital requirement of

13 AH or a total of 28,9 AH and still have considerable

reserve,
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Preliminary Automatic Instrumentation

Preliminary instrumentation for automatically taking Solar Cell V-I
characteristics over the temperature range of 200°F to +125°F at
each 50° point in the range.

—/1473

SEGRET




Windows Used in First Solar Cell Irradiation
Windows used in first solar cell irradiation with GEL 1 Mev. Electron

Accelerator, showing the effect of radiation on quartz. Windows, from
top to bottom, are 0.010" 0, 040", and 0. 070" thick.
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Arrangement of Silicon Solar Cells on Mounting Plate
Arrangement of silicon solar :ells on mounting plate for irradiation using

GEL 1 MEYV. Electron Accelerator. View showing, top to bottom four
cover conditions -- 0, 0,010", 0.040", and 0,070" quartz windows.
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FABRICATION OF SOLAR POWER SUPPLY
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TRANSIT SATELLITE ON VIBRATION TABLE
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