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THE SPACE TECHNOLOGY DEMAND ON MATERIALS AND PROCESSES=*

J. Dauphin**

Abstract. Space technology requires a rational and accurate pol- /39/ %%
icy of materials and processes selection. Due to limited volume,
space technology does not generally fund new material and process
developments, but tries to select among the advanced commercial
products those which, after suitable modification and testing, will
provide the required performance and reliability. The present paper
reviews some areas of space technology where materials and process
problems have occurred in past years and shows how these were solved
or how they widl hopéfully be solved in the future. These '"critical
areas cover clean satellites, new thermal control materials with el-~
ectrical conductivity, advanced structures and reusable hardware.

No technology can be developed or even survive without acquiring a rational and
precise policy in the selection of materials and fabrication processes. One can

i 1lustrate this truism by the following sequence:

Environment " Materials
Mission ) - Criteria . Cost:.
Function ~ Processes

The aim of a policy will be to carry out the mission required with sufficient
reliability and at minimum cost. Looked at in this way, space technology does not
differ basically from classical industrial technology, but the volume of producfion un-
der consideration is very much smaller. There results a difference in the techniques
of resolving the problems encountered; statistical methodology applies poorly to
small output: the methodology of analysis runs up against limited experience in the
space regime. Therefore, the solutions are generally obtained thanks to the com-
bined working-up of tests and analyses; this renders the life for space materials
specialists somewhat exciting ! A small volume of production also involves making
large usage of materials and processes taken over from other technological areas

because .the cost of new development would be out of proportion to the attendant bene-

Author's note: The mention of commercial names in the body of this article is of
necessity. It is not in any way an endorsement for the products mentioned, or
anything against those not mentioned. Users will have to form their judgements on
all data which they can avail themselves of.

* Paper presented at the symposium "The Space Technology Demands on Materials and
Processes' ESA, Noordwi jk, 10-12 November 1981,

*% Head of Materials Section, ASE/ESTEC.
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"fits. This is*"i&h‘i;'wTth“’ég’ft‘ai’n‘eiceptions , there does not "exist:""

& grouh “of materials and procasdes which'are spacétypical: 1 [

t

Z._ther spac: "-:hnology uses classical materials having undergens
sufficient testing :: confirm their characteristics, or judicious combinations
and modifications 3f classical materials. The setting into motion of great

plans for large space stations could well change this situation; one had a

first quick glimpse of this at the time of the American study of 1977 dedicated

to the sola? sail in preparation for the Halley Comet encounter.

The concept selected, and which was later abandoned for budgetary
reasons, was a system of the "i—Ieliogyro" pattern havihg 12 blades each
8 meters wide by 7.5 km length ma.de of 2.5 Kapton, metallized on one

side ( Al 1000 R ) and covered on the other with chromium of 125 2 thick-

ness. (Figure 1). At the time when the Du Pont Compa.ny had been queried on

th‘e possibility of producing a large quantity of Kapton of 2.5 Ul thickness, it
was not, nor had it ever been, a commercial product. Cases of this type
are cited as rebr&ientative of the planning for the placing into orbit of large
space structures.

To 1:.etulrn to the series outlined above, one can recall that the space en=-
vironment has beem described in detail in many publications (1), and some-

times with direct reference to materials problems. (2) Therefore, it is

not useful to repeat this here.
] , : R -

]

In space vehicles, materials are able to fill very diverse functions:

[P SN L]
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- — = structural (primary and secondary structures, "extendibles etc) "

- = thermo-optical (absorption, emission, conduction etc.y)

!

. .- = interfacial (adhesion, lubrication etc.) : - T T -

- electrical (conduction, ‘ins'ulation etc.)

The combinz-.:xn of environmental knowns and of functions leaus w
the definition of z zertain number of criteria to which the materials and
processes would kave to be responsive in order to be selected. This choice
then results in a certain cost, which must, moreover, include fabrication,
factors such as maintenance and repair expenses, and an evaluation of
the consequences of failure.

The rest of this article will be devoted to presenting some solutions
arrived at by ASE and its contra.céors to sever;l gritical prol_)lgms of space
technology, chosen to illustrate th;a principles of selection, of combination
and modification of materials and processes with the object of satisfying

criteria for space utilization.

Appropriate Materials for Satellites . |
From the beginning, cleanliness has been a fundamental requirement
for scientific and observation satellites. (3, 4)

Recent problems with telecommunications satellites are proof that con-

ta.lmination can also be dangerous in this application. (5)

N

There results an increased demand for "appropriate' materials, and

particularly in certain critical areas such as thermal control paints, adhesives

for solar panels,

Iubricants for mechanical parts etc. Thermal control mat-

erials will be discussed more specifically later in this section. For the mom-=



PO

‘ ent, one can simply say that, for the sake of cleanliness, iit is indispensable

to have a paint base that is non-outgassing.

4

. Adhesives for Solar Panels e ______] ‘ .

'Convstruction of a“so:lar panel ;equire;’., in general, 'the use of tv\;c; ad;
hesives--one which must be optically transparent and which glues together

the contact glass .: the solar cells. ana the other which attaches the cells to

the structure. Sii:zones hardening at ambient temperatures are preferred

because of their excellent resistance to thermal cycling; however, they are
generally an important source of contamination in a vacuum. This problem /41/
was long since detected by flight measurements (6), and some manufacturers

have tried to introduce "appropriate' silicones into the market. (Table 1)

Normally, one obtains these products by a suitable purification of commercial

silicones, in general by distillation in a vacuum (7), which brings its price -

R, ¢ .

up to a high level.

'i‘he production of these adhesives is smafl, which makes rtheir procurement .
tricky. A strict inspection by the vendo'r must ailow verification that the
cleanliness of the product_is satisfactory. Likewise, whenever one makes use
of these materials themselves, one runs the risk of some contamination because
the standard test temperature for selection (micro VCM#*) is not necessarily
representative of the utilization, and besides the condensate measurements
(CVCM) are not rigorously zera. For critical applications, a determination

t

of actual potential for contamination is justified. (8)

‘

* ESA Specificatior PSS09-QRMO2T
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Table 1- Appropriate Adhesives

for Solar Panels

Designation Manufacturer - Color Typical Out- Remarks
Gassing TML %/
RML%/CVCM%
RTV 566 General ElectricUSA Red |0.2/0.17/0.02
RTV S691 Wacker Chemical D Red 0.37/0.33/0.07
DC 93500 Dow Corning USA Clear{ 0.3/0.28/0.03
SLYT 71455 W::ker Chemical D Clear 1 0.11/0.10/0.03 Not qualified
‘ at present
SI1I.CO 14 C:::s F Clear | 0.32/.../0.06 Preliminary
findings
SILLCO 17/18 | Cc:iis F Grey 1 0.42/.../0.09 Preliminary
findings

Appropriate Lubricants

It is generally agreed to recommend dry lubricants for space applications;

in fact, some dry lubricants are sufficiently sati;sfactory in a vacuum.

Along these lines, ASE some years ago perfected a method of lubrication

with lead film which is now state of the art in space mechanisms. (9)

However, there are cases in which a liquid lubricant is indispensable and

one cannot protect it from the vacuum of space. Some years ago, Dow Corning

in the U.S. perfected a series of silicone lubricants of low contamination

potential; they obtained these by purifying their corresponding commercial

products. These products have since been taken off the market; at any rat’e,

their lubrication efficiency was not very remarkable. The fluorocarbon

compounds have much better qualities in this respect, and ASE has encouraged

production by Montedison (I) of pilot quantities of a specially purified and

non-contaminatinrg fluoro~lubricant known under the name Fomblin 225. This

product can be employed in space vacuum without any special f:recautions.

e



.‘Electrc'niic Coatings and Potting
Space electronics is a field in which some ordinary and cheap products
have proved entirely adaptable.
h 6x;e can particularly mention Solithane 113 from Thiokol (USj of which
numerous formulztions have been used with success.
This mater:z.1s, however, not used when inflammability 1s a rec .ire-
ment, such as 1n manned cabins; in this case, one can employ the products
mentioned in Table 1 as coatings or potting, or likewise as an insulation

layer on top of Solithane. Cofis (F) has perfected a monocomponent varnish,

Silco 37, which is under evaluation.

Materials for Thermal Conduction - .~ !

It is difficult to assure proper cooling of space electronics; conduction
across mounting brackets is often'quite insufficient . in a vacuum.

A number of products’ exist in the market which permit a.ugmenta_ti;)n
of thermal conductivity. Frequently these are composed of siiicone gréase .
charged with different kinds of mineral powders. These materials are a
constant threat to the cleanliness of the system because they degas great
quantities of contaminants, and in addition they have a -tendency to migrate
along surfaces.

Some years ago, a material of "space quality' was available from Dow
Corning under the designation C6-1102, but this has since been withdrawn
from the market. Besides, this product was also not immune to migrational
behavio;n:.

-

The adhesives mentioned above can be used, and particularly those

which contain a charge, however, it is a disadvantage to create a permanent



bond which is difficult to disa.;semble a-.t tl:1e time of modification or repair. !
. Good résults have been 'obtained by using a fine packing of graphite .
(Sigraflex from Sigri D ) which creates a éupplg joint and does not have to -~
be cut to form. .

The use of commercial conducting greases can also be tolerated, but
toolonditivn -0 ey are completely closed off behind an air-tight barrier
oI a suitable mz:erial.

CNES (F) tas developed a non-outgassing conductive grease (10) on
a base of purified silicone; this product is npt yet commercia1:1y used; if this
develops, it will be necessary at the same time to take into account the
risk of contamination by migration.

New Thermoregulating Materials

Thermoregulating materials fill a critical role in space \_"Eigixii:e—s_:iThe -
search for perfection has been going on since the dawn of the "spa’ce age" 142/
and yet a perfect material does not yet exist, so that compromises have to
be accepted for different situations.

Solar reflectors pose the most difficult problem; here we have materials
of weak solar abs_a?lg_é_@( as ) and high emittance ( @) ; it is also required
that its characteristics be very stable under the effects of space radiation
(UV and particles) and this for the duration of a long lifetime; it is also
required that they be non-contaminating, and also very frequently that they
exhibit an electrical conductivity sufficient to suppress charging effects
in the geostationary ovbit.

Space Paints e _

White terrestrial paints turn out to be unuseable very rapidly in space.



- Therefore, one falls back on ‘épéc‘ial formulations chiéﬂy looking for good .

‘resistance to radiation. This is the origin of the well-known paints S13G

and Z93 from IITRI (US). Similar paints were developed in the United King=-
Idom and in France. In the latter country they have always been n;:anufactured
by Astral under the designatior;s PSG 120 (silicone / ZnO) and PSZ 185
(silicate/Zn0O) T -2 contaminating potential of silicone paints was very

high for applicz:.:ns relating to satellites proper and purified versions

appeared on the market under the designations S13GLO (US) and PSG 120FD (F).

(11)

The criterion for electrical conductivity is at the moment not met by
any white commercia_.l paint.

NAS;A (GSFC) has produced small quantities of a white paint called
"conduptive" under the designation NS43C. The materials laboratories of
ESA have demonstrated that the conductivity disappears with exposure to
vacuum. (12) CNES (F') has attacked this problem and has already produced
a number of test formulations (11), but the road is still a long one before
one will be able to create the combination of high solar reflectance, good
radiation resistance and adequate electrical conductivity.

Luckily, the paints have only a very small tendency to discharge
electrically in tke conditions of the geostationary environment. Experiments
carried out by tte DFVLR (13) have shown that the discharges only appear
at very low temperatures. It seems that the escaping currents would be
sufficient, at least at ambient temperature, to prevent high tension sparking.

Quartz Fabric

!

To make up for the absence of a suitable conductive white paint, the



-

1

US Air Force has developed a fabric based on fine fibers of very pure quartz.

(14) This material is applied on surfaces with gr _with;mt_: an intermediate -

__film of Teflon FEP,and it allows production _of satisfactory solar refléctors

pu

" which have good radiation resistance and do not acquire very much of an |

10 : . ' .

elect-rical charge. This last property can be explained by the secondary
ern.sswon of th: . t2 quartz fibers under an electron flux; there 1s prodaced
a x:nd of avalarn:ne phenomenon which gives rise to a free electron con-
centration in the interior of the fabric and allows the charge to flow off.

The work of DERTS (F) has confirmed this mechanism (15), but has
shown that the potential in the material.can build up to several hundreds of
volts. Thus, one cannot make use of this solution on scientific satellites
which frequently specify 'less than 1 V between any two ‘points anywhere .
on the surface'’; however, the process is adaptable t;,applications sateliites
whose specification is '"no discharge''; it must, however, be noted that
quartz fabric is expensive and somewhat sensistive to contaminants on
account of its specifically increased surface.

Fixed Cold Mirrors

ASE uses the term OSR (optical solar reflector) to designate cold .
mirrors consisting of a thin sheet of glass. or quartz, metallized- on the
back and characterized by low absorptance (es= * 0.08) and high emittance
,(6" =+ 0,8). Surh a system is perfectly adapted to the fabrication of
radiating compozents and has been developed by OCLi (US) and also by '
PPE (GB). In the United States, quartz is used, in Europe glaés doped | |
with ceriuym oxicde. Th_e reflecting base is always of gi].ver; :carnishing is W i

avoided thanks to protective wrappings, sometimes multiple ones, of

il

i
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‘metal (inconel), of oxide, or of varnish. The ""OSR's'' are very resistant

: to radiation, bmitp;'e~sent s;me drawbacks--high price (price of mirror and
mounting), sigmificant weight, difficulty of encasing the curved surface,
and sensitivity of the thin deposits to contamination. o -

The OSR's of the type described are non-conductors of electricity.
Ire OCLI mir:r::s give rise to discharges under electron flux; the PPE
mirrors exhibit 2 very slight insulative resistance due to their glazing in
cerium glass ard do not discharge at ambient temperature (20-25°C); below
zero, discharges appear. (16)

The two types of mirrors can be made; into conductors by an anterior
deposit of a mix=d oxide of indium and tin (ITO). The interconnection of
the mirrors is done in such a case either usiné contacts evaporated on the
front in front of which metallicv ribbons are soldered on, but-the method.
costs a lot, or &y dressing the edges of the mirror with a conductive paint,
electrically commecting the front and rear faces, and by using a conductive
adhesive (to fasten the OSR's on a substrate which ié also conductive. The
latter method is recommended by ASE and a suitable adhesive is prepared '
by mixing RTV 356 (General Electric US) and Cho-Bond 1029B (Chromerics-
Us) (17).

Flexible Cold Nirrors

ASE uses the English term SSM (second surface mirror) arbitrarily
to designate flexible cold mirrors made from a sheet of polymer metallized
on the back. These materials play the same role as the OSR, but are of

'less satisfactory optical properties. Table Il summarizes the characteristics -

11
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of the most current systems. The radiation resistance of the FEP films is

_ less than that of fixed mirrors, but at the same time sufficient for geo-

e -

stationary missions of long’ dura.tién, 1f one takes into account degra;,dation in
tl;e thermal computations, and if one plans for ‘mechanically supporting
the' film in order that it doe:; not deteriorate for it will become fragile
tnrough radiat.. -
The SSM's ::s5ed on Teflon TFE are probably unacceptable for the
geostationary orait, but would be very useful in low orbit where one has
a precise need for diffusing materials for manned missions.
Kapton films are of inferior optical properties , but are tradi-
tionally used on the exterior of insulating multilayers where their properties
are less critical.

-

~ Aluminized Zapton will also be used as windows for certain space experi-
ments. Their rdle in this case is to assure thermal regt;lation without absorb=-
ing the radiation to be measured, for examéle X-rays. For this application,
the thicknesses which are commercially a.yaila.ble are very important; a

process of contralled chemical attack has been developed to reduce the thick=

ness to * 5411, which is adequate for the use in question. (18)

.

More complex SSM's have been tested with the goal of obtaining better | I

stability against radiation while keeping a sufficiently low solar absorptance-.
The firm MBB () in particular protects the back face of an FEP film using
interference filters . (19) As far as we know, this technique has not been

put out: commexcially; it is probable that its cost is high relative to the prop-

i

erties obtained.

12



e e Table 2- Typical SSM Materials - -

Structure Manufacturer - Optical Remarks. . " .
"' : N Properties

X

4 v T T —
\FEP/AL 50 wim ' Sheldahl " 1=0.14/Z0.6 | {specular'*
"FEP/AL 125urx . Sheldahl + '=0.14/=0.75 : 'Specular
TEZP/Ag 50 - Sheldahl =0.09/=0.6 Specular
TEP/Ag 125, = Sheldahl =0.09/z 0.75 Specular
TFE/AL Sheldahl + 0.13/+0.87 Diffuse/not

qualified at present
+ 0.44/ +.0.78 Yellow

Kapton/AL 50 =1 Nombreux ‘

" KAPTON
SCOTCHTAPE Y966 Q.25 MIL

| - Y i

KAPTON |
ML o

v]

1
| |
Evm Conductive layer %
| KAPTON !
i 025MIL I
! I
t
'
|

|

KAPTON
2ML

P // — .
| vba Semi-transparent
‘adhesive conductor

ADHESIF POLYESTER  KAPTON
CLAIR 025MIL

i 4
- .

wa  Powdered 1TO on Kapton
. .. . (transparent)_ ~___ __|

KAPTON
2MIL

L,

!F1g_u_re2— ihree possible concepts for a non-discharging SSM;

e e e e e . e i e a4 g e iy g
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All the systems describe;d up until now can be ‘charged and discharged -
_'in the ‘g“'écsété.“tioié.i'y'dfbit. To av:oid this, there have been developed SSM's
) car:;yiﬁg on the fror;t side a deposit of mixed oxide of tin and indium
(Sheldahl' US). This approach has been crowned with success in the case
of Kapton; FEP treated this way shows a conductive layer unstablé against
thermal cyclin; .3). It 1s necessary to improve these last products. BADG
(GB) is testing zzother method and seeks to limit the habit of Kapton to
discharge by laminating a conductive layer of small depth onto the film.
(Figure 2) This approach will be able to be applied in the case of appli-
cations satellites, but it requires some more testing.

For all of tke _fi‘lms carrying a conductive layer on the front side (oxides
of indium and tin, or metal), the Materials Section of ESTEC has develc;ped _
;ﬁ method of aggregation based on'tl;e; above mentioned conductive silicone
adhesive RTV 56+ Cho-Bond 1029B. This method has been preq@lified on
Kapton/ITO, FEP/ITO, and on aluminized mylar. (20)

Materials for Leng Life-Duration Vehicles

The generation of applications satellites that is actually on orbit or that
is going to be laznched soon anticipates a lifetime of 7-10 years. The supply-
ing of commercizl serv’ice involves the possibilities of étockpiling for long
perioc_ls, either tn the ground or on orbit. Future space stations which are
being described vili have lifetimes on the order of 30 years. All of this rep-
resents a challerge for the materials and processes specialists. Methods of
selection and testing, a fastidiousy quality a.ssﬁrance, and understanding of
the mechanisms af ciegradat?.or; are Ehg answers to provide ta the gr.owing

requirements inthe area of mission reliability. A n

14
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Highly Reinforced Materials :

The great advances in this area are particularly the achievement of the
transportation irdustry, especially aeronautics. The structures of space
ships use more and more the composites of high performance and consti-
tute special requirements in the domain of very thin laminates for quality
anc duration o. ..:¢ in unusual environments,

At ASE, th: problems posed by highly reinforced materials have been
put in the spotlizht by the failures encountered at the time of the qualification
of the MARECS zntenna. A certain apprenticeship phenomenon is certainly /45/
noted among design engineers who are used to metallic structures and who have
to learn to w'ork with different materials. But it will also be a critical prob-
lem of quality cantrol at all stages of manufacturing: the base resin, the
reinforced fibers, preimpregnatt?s, hardening procedures, and the finished
material. This control requires intensive use of physico-chemical analysis
techniques: highpressure liquid chromatography (HPLC), thermal analysis
methods, IR spectrometry etc.

The goal of these operations is to assure that, once one has chosen and
bought good material, one uses besides a hardening procedure adequately
allowing the attainment of optimum properties in the product.

This approach is not specific to space technology, but it is particularly
needed by reascn of the very narrow scope of the concept and of the tendency
to employ thin and light structures which are especially sensit;ive to flaws.

Non-destructive test methods are also an indispensable tool of quality

control on thess structures. (21)

16



\ The resistance of reinforced materials to the space environment on

long duration missions is also a regime in which our knowledge is fragmentary.

Test methods suited for these studies and the technique of extrapolation of the’

results are still in their infancy. (22) Structures destined to be assembled
or deployed in ssace pose a particular problem. The United States is very
active in the a:miain of large space structures to be assembled , or even to
be manufactured in orbit. (Figure 3) However, it is sometimes hard to
know where the irontier runs between the possible and science fiction.

At ASE our forecasts are of modest proportions, but one can cite for
example the investigations underway at Contraves (CH) to clarify the practical
problems posed by large expandable antennas. The principle developed up
until now is to use a very thin preimpregnate reinforced with glass or Kevlar
fibers; the anten na will be deployed, inflated and then hardened in space. (23)

Reuseable Metallic Structures

»

Materials made for ASE have up‘until recently been destined to be lost
in the depths of space or to be burnt up in the atmosphere. The availability
of the Space Shauttle,and for us especially the Spacelab, has changed this .
situation; space material is becoming reuseable. The problems associated
with this type of material are not new; aeronautics, for example, has been
putting them into practice for a long time; but in the case of space, this
constraint is joined to an impressive number of other factors. For those
structures thatare of metal, space seems in all cases less hazardous than

the stay on the ground between missions where corrosion can exercise its

pernicious influence.- ' )

17



The selection of alloys for missions embarked aboard the Space Shuttle
demands, however, an evaluation of their resistance to corrosion, and
very particularly corrosion while under constraint. ASE, like NASA, has

published very strict specifications in this area. (24)

Aging of Materizls

The comkt.:::10n of long duration missions, of possible reutilization
of material, of :ne necessity of stocking systems or subsystems for re-
placement leads to the study more especially of the phenomena of aging
which are produced in space, on the ground, or in the course of variable
sequencing of tk2 two environments. It is an area in which our current
knowledge is raiher limited. One can obviously identify a certain number
of materials more suspect than others of being able to become sources of
fatigue, for example thermoregulating barriers, electrical contacts, very
corrodible metzls materials capable of flowing etc. However, it is |
impossible to gmantify these effects in the current state of our knowledge.

There exists a solid reservoir of experience concerning aging in the
terrestrial environment but not necessarily apg;licable to pm‘)perties which

.

are of interest t» space technology and not necessarily with the lewl of

A

precision desirad.

We are cerminly lacking in proven methods for simulation of the long-

term space enviconment and of the space-ground/alteration. ESTEC has started .

limited work founded on a study of Meteosat material which has now attained
a suffi‘ciently adxanced age. In any case, it will be a means for defining the

regimes where complementary studies are desireable, if they can be budgeted

for.

18



M

[

Conclusions._ ._____ . L

One of the chara'cteristic;s' of space teéhnology is the mass of specific
and precise requirem‘e;ts wiﬁch are applied to materials and processes, -
whereas the corresponding market is of limited size. Therefore, the
soecialist in sp:z:e materials and procedures has to apply all his guile
to the resoluticz of problems posed, and to have available a vast knowledge
of what the market can offer and what has been developed in other tech-
nology areas.

Methods of selection, of evaluation, and of testing are continually
refined so as to azllow better use of the materials and processes existing
in the construction of space devices. In some very particular cases,

completely new materials and processes are developed specifically for

space.

The requirement in the domain of suitable materials, reuseables,

stockables and those with long lifetimes grows unceasingly; it is a [46/

challenge for the specialist in space materials; he also must be on the"
lookout to assure a higher and higher reliability for the recommended

solutions.
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