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MOTOR AND ITS EFFECTS ON SPACECRAFT SURFACES
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ABSTRACT

An experimentaland theoreticalinvestigationhas been car-

riedouttoevaluatethedegradationofthesolarcellsand

othersensitivesurfacesofa spacecraft,resultingfrom the
molecularoutgassingofan expendedsolidpropellantapogee

motor. The motor,followingitsburnout,isretainedby the
spacecraftand isa sourceofgases and particulateswhich

willbe releasedmainlyby theunburnedpropellant-to-casing

insulation.The deploymentofthesolararraywithina few
minutesafterthemotor burn resultsintheinterceptionand
reflectiontothesurfacesofthespacecraftofthemolecular

outgasslngand particulates.Variousmethods,based on some

experimentaldata,havebeenusedtoanalytlcal]yassessthe

magnitudeoftheoutgassingfrom theengine. The resultsof
thisinvestigationindicatethatduringthe2 minutes'exposure

ofthesolarcellstothemotor outgassing,thedepositofthe

fractionofoutgassingwithlow volatilityon thecellswillbe
about6 x 10-7 g/cm2 or about43A fora materialdensityof

1.4g/cm3. Thisispredictedon thearraydeploymentoccur-
ring8 minutesaftermotor burnoutwhen themotor isatan

averagetemperatureofabout473 K (200_C).A solarcellde-
gradationoflessthan1percentispredictedforthisaccumu-
lation.The accretionofthesame materialforan indefinite

tlmeon thesilver-coatedTefloninsulationofthehydrazlne
tankshas beenestimatedat5 x10-8 g/cm2 (3.6A). This

thickness,accordingtotests,shouldcauseno significant
changeintheo.'/Eoftheinsulation.The hydrazinecanI:sare

exposedtoa higherfluxofcontaminantsthanany othersensi-

tivelocationofthespacecraft.Contaminantdepositson other

spacecraftsurfacesare,therefore,lessthan3.6 _ and they
shouldnotbe degrading.
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INTRODUCTION

An experimental and theoretical investigation has been carried out

to assess the probable contamination and degradation of the solar array
cells and other sensitive surfaces of a spacecraft. The contamination

may be produced by molecular outgassing of the spacecraft apogee motor.

A solid propellant motor is retained by the spacecraft following its
firing which lasts 45 seconds and produces an impulse of about 1862
N. s (420 lb. s). The motor is a source of gases and particulates which

_ are released mainly by the unburned propellant-to-casing insulation.

The deployment of the solar array, within a few minutes after the mo-

tor burn, results in the interception and reflection toward the space-

: craft surfaces of the molecular and particulate products. During a
portion of the deployment sequence, a period of about 2 minutes, the
solar cells surfaces of the array are exposed to the contaminant flux.

After this, the other side of the array receives and reflects the con-

i taminant toward the spacecraft. The relative position of the motor,

solar paddles, and instruments on the spacecraft main body are shown
in Figure 1.

, The investigation is discussed in two parts: one covering an assess-
meat of the magnitude of the contaminant deposits on the solar cells a,_d

the metal-coated Teflon insulation of the hydrazine tanks; the other, an

evaluation of the effect of those deposits on the optical/thermal prop-
erties of those surfaces.

The deposit assessment portion of this report includes experimen-
: tal data on the motor insulation obtaihed from micro-volatile conden-

sable mass (VCM) tests, thermogravimetric tests (TG), and quartz
: crystal microbalance (QCM) measurements. The data are analyzed and

: used to generate an estimate of the magnitude of the outgassing from the
motor as a function of time. These rates and other experimental data

on the outgassing properties, plus view factor data, are used to estimate
the deposits on the surface of interest.

EX'PERIMENTAL DATA

Temperatures of the Insulation Material

Qualification tests of the solid propellant motor (Reference 1) in-

dicate that the dome region of the titanium motor case approaches a

temperature of about 523 K (250°C), at approximately 280 seconds after
motor ignition. A maximum temperature of about 723 K (450°C) is

measured near the nozzle 80 seconds after ignition. Many different
temperatures are recorded at various locations of the case. Figure 2
shows the average temperature of the motor as a function of time. The

-_. maximum average temperature is indicated to be 506 K (233°C)
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followed by a rapid drop to approximately 423 K - 413 K (150 -
140°C) in about 10 minutes.

The calculations have been based on a motor insulation tempera-
ture of 473 K (200°C) at the time of the array deployment followed by a
decay of 25 K every 10 minutes. The insulation between the case and
the propellant, which remains in the engine following the burn, is taken
to be the source of molecular outgassing and particulates.

Insulation Material

This material is an asbestos-filled vulcanized isoprene rubber
protected with other materials according to its location in the motor.
The surface adjacent to the propellant is covered with an epoxy lesin
and carbon black in a plasticizer. The surface in contact with stagnant
hot gas is coated with Teflon tape, and in another engine location, this
surface is covered with a woven polypropylene industrial cloth. These
sections, about equal in weight, have thicknesses between 0.5 and 1.5
mm and are cured at 355 K (82°C) for 1 hour and at 380 K (107°C) for
2 hours at a pressure of 5.5 × 105 Pa (80 psig). The total weight at in-
stallation is about 8.6 kg (19 lb). It was e3timated that about 5.9 kg
(13 lb) of insulation remains in the motor after firing. This is based on
meao-'ured expended mass and measured nozzle erosion.

Samples of the three sections described above and of charred insu-
lation materials taken from an engine fired at atmospheric pressure
were tested in the micro-VCM test apparatus. The results of the tests,
which consist of exposing the samples to a temperature of 398 K (125°C)
for 24 hours and measuring tlle percentage total mass loss (TML) and
the collected volatile condensable mass (CVCM) on a 298 K (25°C) plate,
are listed in Table 1. The samples which were prepared by Thiokol
Corporation for these tests have been identified by their physical ap-
pearance.

The TML's varied from 1.38 to 5.89 percent and the CVCM from
0.16 to 1.54 percent. The larger quantities were obtained for samples
which had an adhesive for the bonding of the insulation to '.he titanium
case (the samples had a commercial aluminum foil to simulate the
titanium). An average of the TML results is 3.2 percent and the CVCM
_s about 0.64 percent. The charred material produced a 2.22-percent
TlVIL and a 0.73-percent CVCM. The basic insulation produced a 2.4-
percent TML and about a 0.3-percent CVCM.

Thermogravimetric tests of the basic insulation material were also
performed. The samples wel'e heated as rapidly as possible, under
vacuum, to temperatures of 398 K, 473 K, and 523 K (125°C, 200°C,

o

and 250 C). These temperatures were then maintained for the remain-
der of the tests. The weight loss of the samples was measured contin-
uously for the 24-hours duration of the test. The results are shown in
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Table 1

Micro-CVCM Test Results

J

TML CVCM . ._

Material Physical Appearance Percent Percent

One B!ack Surface, Other Green

with Adhesive, -1.5ram Thick 3.67 0.88

One Black Surface, Other Teflon,
-1.0ram Thick 1.38 0.25

One Cloth Surface, Other Green

with Adhesive, -1.0ram Thick 5.89 1.54

Basic Insulation, Green 2.40 0.30

Charred Material from Fired
; Motor 2.22 0.73

Charred "Asbestos-like" Material

from Fired Motor 3.68 0.16

"_" _ _ --_ SOLAR PANEL DEPLOYED

I _ SOLAR PANEL._TJ_"- ] /_'ll_L_l_ _-_U, _ / PARTIALLY DEPLOYED
MOTOR NOZZLE771;

y EXHAUST PLANE

AVHRR " _ SHADING PA'_EL LOCATION
POSITION

REPRESENTATION S&TTERY

BSU POSITION

SOLAR PANEL NODES
ARE 1.2, 3.4, 17.18.19, lind Z0
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' Fig. I--View factor nodal configuration of spacecraft
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Figures 3a, 3b, 3c, and 3d. The 71.2-mg sample lost about 2 mg while
at room temperature and during the 10 minutes needed to reach 473 K
(200°C) (Figures 3a and 3b). At 473 K (200_C) (see Figure 3c), it lost
1.8 mg In about 1.2 hours. This loss was followed by an additional loss
of 0.98 mg until that portion of the test was terminated. The total loss
for the 24 hours is therefore about 6.7 percent and the long-term frac-
tion of this may be between 1.37 and 3.9 percent. Figure 3d shows the
change in weight as the material was heated (at a constant rate) above
473 K (200°C).

Figure 4 shows the accretion rates of the outgassing from a sample
of the insulation held at a temperature of 473 K to 523 K (200 to 250°C)
for about 4 hours as measured by two QCM's, one held at 211 K (-62°C)

o

and the other at 296 K (+23 C). The QCM's had the same field-of-v_ew
of the source. The insulation was heated on its rear side to about

523 K (250°C) while the side facing the QCM's was 473 K (200°C). After
an initially increasing rate of deposit, reaching a maximum of 440 Hz/
min for the 211 K (-62°C) QCM and 170 Hz/min for the 296 K (+23°C)
QCM, obtained within 8 minutes from the start, these rates decayed as
shown. The rate as measured by the 296 K (+23°C) QCM dropped more

rapidly than the other, indicating a depletion of the material acocreting
at that temperature. The total accumulation on the 211 K (-62 C) QCM
was, using a sensitivity of 4.45 x 10-9 g/cm 2 Hz and taking the density
of the material as 1.4 g/cm 3, 1.9 × 10-5 g/cm 2, and on the 296 K
(+23°C) QCM, 4.3 × 10-6 g/cm 2, giving a ratio of about 4.4. The test,
which was intended to provide a deposit of contaminant for measurement
of optical degradation, was not repeated at different temperatures.

The evaporation rates at different surface temperatures, from 253 K
to 300 K (-20°C to +27°C), of the material which had been deposited on
the QCM at 211 K (-62°C), are shown on semilog paper in Figure 5. The
rates measured for a period of 30 minutes for each temperature appear
to have the same slope, indicating the material being evaporated at the
various temperatures had the same properties.

On the other hand, the material component deposited on the 2_5 K
(+23°C) QCM left this surface quite slowly as shown by the normalized
curve of Figure 6. The curve covers a period of about 14 hours during
which the QCM recorde_d continuously the mass available on its crystal.

ANALYSIS

Out_assing Components Characterization

The insulation material left in the motor following burnout has been
estimated at 5.9 kg (13 lb). At the time of deployment, its temperature
is about 473 K (200°C). In outgassing tests conducted at this temperature,
material was deposited on a 211 K (-62°C) and a 296 K (+23°C) QCM sur-
face as shown in Figure 4. rleating the 211 K (-62°C) surface to various
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higher temperatures and allowing time (40 to 50 minutes) for stabiliza-
tion at each plateau produced the data in Figure 5. A graph of the log
of the mass loss rates versus time with temperature as a parameter
resulted in a set of parallel lines. The activation energy of this mate-
rial was found from the Arrhenius relation, assuming first-order
reaction; this relation (Reference 2) applied at a given time and com-

paring rates w 1 and w2 at two corresponding temperatures, T1 and T2
(in K), is:

w2 R (1)

where E is the activation energy for the process under consideration
in calories per mole and R the gas constant in calories per mole per
degree. The energy was calculated to be 5990 cal/mole. Plots of the
rates versus 1/T yielded a straight line. Its slope indicated the above
energy for mass loss and a confirmation of the high volatility of this
material component.

In contrast, the smaller fraction of the insulation deposited on the
296 K (+23°C) surface desorbs very slowly from a surface at 295.5 K
(+22.5°C) as shown in Figure 6. The depletion of this material from
the surface at constant temperature is expressed by the relation

' , (Reference 2),

m = m° e-t/' (2)

where mo is the initial mass on the surface, t is time, and T is the res-
idence time of the molecule on that surface, I.e., the time needed for

m--mo/e. It is given by

70 e E/RT; T = (3)

_ where T is the surface temperature in K, and _'o = 10-13 s is the av-
erage oscillation per_od of a surface molecule. The curve of Figure
6, when fitted to equation 2, indicated _"to be about 62.5 hours. The

initial mass, mo, was 4.28 x 10-6 g/cm 2. The activation energy for
this low volatile fraction of the insulation material was then found to be
E = 24.7 kcal/mole when using T = 62.5 hours, T = 295.5 K, and
R = 1.98 cal/mole K in equation 3. The residence time for this mate-

rial at other temperatures can be found from equation 3, assuming that
the above energy does not change appreciably with temperature. A

direct relation between residence time T2 at temperature T2 and T1 at
T1 is

_, T/\ Tl/r2

r2 " :'o_'_o) (4)
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where To is the constant given previously. Using this expression, the
time for the initial mas_ of deposit to become l/e was calculated to be
16 days at 283 K (+10°C), 471 days at 263 K (-10_C), and as indicated
from the test, 62.5 hours at 295.5 K (22.5°C). It is apparent that this
fraction cf the outgassing is of major concern fo, the contamination.
It will remain for a long time on the surfaces on which it deposits.
During this stay, it can be polyI.,¢z,_ed by radiation and may remain
permanently on the surfaces. It has been estimated from the consider-

ations wh_ i follow that its fraction of the outgassing is about 1.4 per-
cent, corresponding to about 82 g of the total 5.9 kg of material rcmain-
ing in the engine at burnout. These considerations form the basis for
this estimate. The CVCM at 398 K (125°C) for the charred material is
0.73 percent and the average for all materials configurations is 0. C4
percent. If these results are modified by the 0.54 view factor of the
collector plate to the exit flow port of the VCM apparatus (Reference 3),
the actual condensable_3 on the 29.QK (25_C) collector are 1.2 to 1.35
percent of the sample. The TG test at 473 K (200_C) showed a long-term
mass loss which corresponds to 1.37 percent of the total.

Outgassing Flow from the Motor

The TG test of the sample at 473 K (200°C) showed that an initial
exponentially decaying mass loss occurred from the time 473 K (200°C)
was obtained and that a condition of a small, quasi-steady mass loss
was re,_ched. That mass loss was L = 1.8 mg obtained in 3 period of
At = 1.2 hours. The samgle mass when 473 K (200°C) was reached was

the initial mass, Wo = 71.2 mg less the losses, Wt = 1.2 rag, to get to
the temperature and the loss, Wr = 0.8 rag, at room temperature. The
flow rate from the motor at 473 K (200°C) can be estimated applying
these test results to the VCM fraction, 1.4 percent, of the total mass

of the insulation remaining after burnout, Wl = 5.9 kg, as followc:

• L [CVCM• Wi] = 1.77g/hr 2.96 X 10-2 g/rain (5)hi -- _ ffi

At [w° _ (wt + w) I

An alternate estimate can be obtained from the initial, maximum
rate of insulation depositing on the 211 K (-62°C) QCM. Thi_ rate,
_kf/_t = 440 Hz/min as shown in Figure 4, must be modified to get the
rate of outgassing at the sample source. The parameters for this mod-
ification are: the view factor between source and QCM, F = 1.07 x 10-4,

for the test arrangement; the area Ac : 0. 317 cm 2 of the QCM crystal
detecting surface; the area of the insulation sample As = 20.26 era2; the

_ density Pc = 2.7 g/cm 3 of the quartz crystal and P= 1.4 g/cm 3, the
experimentally measured density of the material. The rate of outgas-
sing per unit area, _, for the material at 473 K (200°C) is then:
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= _ k = 2.5 X |0 "+4'_¢m21s = i.5 X |0 -4 L/cm2/mL'l (6) J

where k = 4.45 _ 10-9 g/cm 2 -Hz is the mass constant for the 10 MHz
QCM. For a steady-state pressure-controlled outgassing, the flux
inside the motor is constant and the flow from the motor which has a
throat area A = 55 cm 2 is

= _A = 8.25 X 10"3g/rain

The rate m = 2.96 x 10-2 g/rain, obtained from the TG test, is
3.7 times larger than this and it has beenused as a measure of the
motor flow rate when the insulation is at 473 K (200°C). One can also
obtain the flow at 473 K (200°C) starting from the data at 495, 5 K (22.5°C)
in Figure 6. In fact, the initial rate at 295.5 K (22.5_C), which is
1.14 x 10-9 g/cm2/mln when modified with the residence times (6Z. 5
hours) at 295.5 K (22.5_C) and 8.12 x 10-6 hours at 473 K (200°C), In-
dicates a rate of 8.75 x 10-3 g/cm2/min and a corresl_ndlng flow of
4.85 x 10-1 g/mln. This flow is about 16 times higher than the one
being used. However, the TG value was used because of its direct de-

termination from a test at 473 K (200°C) and in view of theomany assump-
tions needed in the large extrapolation from 295.5 K (22.5 C) to 473 K
(200°C).

The change in outgasslng rate, due to the decreasing temperature
of the insulation with tir'e, has been estimated using the activation en-
ergy derived previously, under the assumption that it is valid at those
temperatures. Equation 2, different_ated with respect to time, gives
the rate as a f_nction of time with the temperature as a parameter. The

ratio of the initial rates for the same material at temperatures T1 and

T2 is Tiff2

('i-
....... r° (7)
m 2 r I 1"1

where the various forms of the equations are in accordance to equations
3 and 4. The rates versus temperature, based on E = 24. V kcal/mole
and calculated using this relationship, are shown in Figure 7.

Co_ltaminant Deposit on Solar Cells and H_,drazine Tanks

The contaminant accretion rate (£M/_t, where _M is the difference
in mass over the time period At) on a spacecraft surface of temperature
T = C, is the product of the flow from the motor, times the view factor
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and a ._tieking coefficient _T, so that

i I'_C

The rate, m(t), varies with the motor temperature as shown in
Figure 7. Since the temperature dec" _.. "',s with time, m is :'- function

of time. For the calculation rrmde acre, th_ . lte_ have been assumed

to change every l0 minutes by :in amount corresponding to a 25 K
drop. The rates have not been r _duced to account for material

depletion. This is a conservative assumption, also justiflable, on ac-

count of the relatively short time (about H0 minutes) for the insul:ttion
material to acquire a tempc_'ature of about 29_ K (25 C) and a corre-
sponding outgausing rate several orders of magnitudes lower than that

at 473 K (200°C).

The view factor multiplier, _ {cm-2_, as defined here, expresses

the fraction of the total materi:d front the motor which impinges on a
unit area of the spacecraft surface under consideration. The view
factor multipliers for the numbered surf:wes are indicated in the tabu-

lation in Figure 1. View factor multipliers for the same surfaces, but

modified by different diameters of proposed baffle rings around the

motor, have been indicated for comparison. These lnif_e rings were
suggestc,_ as a possible modification if the deposits were lound to be
too large. These view factor multipliers :ire hased on the sources

being diffuse and on aver',.,.:ng for the array rotation. The conventiona)

view factors for the total area viewing the flow from the engine were
e.'dculatecl using Reference 4. The factor, _ = 1.06 x 10-5 cm-2

applies to the solar cells surface, which will be _,xpose(! for '2 minutes
during the array deployment. The next largcst value, ._ - 5.-i 10 -7

cm "2, :lpplies to the hydrazinc tanks. The deposits on the tanks will be
the largest for any other critical surface of tt_e siracccraft. Therefore,
calcuhttions for these were used as a conservative estimate of contam-
ination on other, more rt,moved surfaces from the motor.

The sticking coefficient, u, is the fraction of the impinging eou-

tar,_im_nt which remains on the surf;ice. It has been t:lken as unity for
the deposits on the ccll._ and tanks. The temperatures of these arc
estimated to be 243 K {-30°C) for the cells and 273 K to 2t_3 K io to -10 Cb
for the insulation on the tank_ :it the tiP'+e of and several hours after

deployment. At these temper:ttures, tht stay _imes of the molecules of

this high activation energy matrrial are very+ long (471 day.q :it 263 K
{-10+{'t) an4 the rates of ,,v"aporatlon are less than 10 -12 g/cm-2/min -!

Therefore, the 10e-percent sticking is not only conservative, but i_
based on justifiable grounds, llowever, for reasons of eonscrwttism,

it was assumed that 10 percent of the total contaminant would reach the
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tanks during the 2 minutes of solar array deployment. After these 2
minutes, the solar array is fully deployed and the opposite side of the
cells, which now views the spacecraft, is taken as a lO0-percent diffuse
reflector.

The deposit, AM, on the surface for a time, At, while the tempera-
ture is constant, is

AM = o_ [r_Atlt=c (9)

' The total deposit, M, will be the summation of these elemental
deposits at constant temperatures, i.e.,

E o,l  ,lT:c (10)
The rates and deposits on the solar cells and tar& insulation have

been calculated using these expressions. Table 2 shows a sample of the
calculat__ons and Figure 8 the deposits on the cells and insulation as a
function of deployment time. For a deployment 3 minutes after motor
burnout, which is probably the earliest deployment, tim deposit on the
cells is calculated at 6.2 x 10 -7 g/cm 2 and on the tanks at 4.6 x 10-8

g/cm 2. These masses correspond to thicknesses of about 43 A and
3.5 A when the measured material density of 1.4 g/cm 3 is used. The
deposits decrease by a half decade or more for every 10 minutes' delay
in deployment.

CONTAMINANT-INDUCED SURFACI_ DEGRADATION

Te_tSet-Upand Instruments

: The testforthemeasurement ofsurfacedegradationwas run ina

liquidnltrogen-shroudedvacuum chamber ata pressureof5 ×10-6

' tort. The layout of the thermal test samples in the X-25L solar simu-
lator beam is shown in Figure 9. A QCM was positioned in the beam
and another located outside the beam. The contaminant source was

located beneath the quartz entrance window with its normal towards the
sample plane. A radiometer for monitoring the output of the solar sim-
ulator was located externally to the vacuum chamber. A specially built
system for recording QCM data and for thermally controlling the QCM
was used for this test. The QCM's (which were the commercially avail-
able Celesco Model 700) were mounted inside a separate liquid nitrogen-
cooled shroud. Their temperatures can be maintained at any desired

• te_or?h_ro ._heu_o q0 _ hy h_lnnr, tpg thp ploctrie,_l powt_r intn a r_.ql.qt-

ance heater on the QCM holder against the heat loss to the shroud. The
•_" sensing heads of these QCM's contain a demountable crystal assembly,

a mixer/oscillator circuit, a stainless steel base in whl ,h these com-
ponents are mounted, and a stainless steel cover for the crystal
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assembly. The crystal assembly contains the sensing and reference
crystals and a platinum resistance thermometer between the two crys-

tals. The AT-cut crystals are about 1.27 cm (0.5 inch) in diameter and
0.0152 cm (0.006 inch) thick, with a 10 MHz resonant frequency. The

electrodes, serving as the contaminm:t deposit area, are aluminum
with a 0. 635-em (0.25-inch) diameter.

The Deposit of Contaminants on the QCM and Sample Surfaces

: The motor insulation sample used during the test was sandwiched
between two 10-cm x 10-cm (4-inch x 4-inch) aluminum plates with a
5-cm (2-inch) diameter hole on the forward plate. Two 50 W heaters
were bonded on the rear panel in order to drive the temperature of the

source to 523 K (250°C). One thermocouple was centered on the insu-

lation in the 5-cm (2-inch) diameter hole while another was located

about 2.5 cm (1 inch) from the edge of the holder.
The physical appeara.'_ce of the forward facing side of the insulation

remained unchanged before and after the test, i.e., a relatively shiny
_ ' black. The major change occurred in the material bonded between the

: aluminum foil backing and the rubber insulation. Initially, the material

_ beneath the aluminum foil was shiny green and relatively flexible. At
the test completion, this layer of material had become brittle and changed
to a dull black. Heating schedules of the 3ource had been intended to

produce deposits corresponding to about 103, 5 _ 103, and 1 x 104 Hz

on the QCM. It was not possible, however, to produce deposits greater
than about 4400 Hz.

The accretion rates on the QCM's which were aligned to face the

source and were held at 213 K are shown in Figure 10. It was necessary
to centinuo_sly increase the contaminant source tempez'ature in order to

achieve a reasonable deposition rate on the QCM's. During the last
maximum source temperature, the QCM accretion rate decreased rap-
idly even with increasing seurce temperature indicating depletion of

outgassing products. The total amount of time the contaminant source

was above 273 K was 9-3/4 hours and the tctal deposition on the QCM
was 4.05 x 10 -5 g/cm 2.

: Test Technique for _/E Determination

The thermal method to measure the integrated absorptance, c_, and

thermal emittance, _, by the rate of temperature change during heating

with the X-25L solar simulator on/off, was employed. The radiant in-

:_ tensity of the solar simulator w,q s continuously monitored by a radiometer
during the heat-up phase of this procedure. The data reduction pro-
cedure was essentially that documented in Reference 5.
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RESULTS

The silverizedTeflonsamplewas blackon thereversesid_and

edgesand thedatapresentedisforthisconfiguration.Figure11 shows
thedegradationofthesamplea and _ versusmass loadingas indicated

by theQCM. The sampleE was degradedatallthreemass loadings,

whereas the oLwas not significantly perturbed until after 2.1 × 10-5
'_ g/cm 2 was deposited. The resultant o_/_ ratio, which is also given in

Table 3, is thus driven by the decreasing c values. The visual appear-
ance of the sample after the final contaminant loading was "hazy" and
fringes could be seen when the Sun gun was rotated with respect to the
sample. A reflectance measurement was made (using a Beckman
DK-2A recording speetrophotometer) before and after (2.1 × 10-5 g/cm 2)
on the sample with the results given in Figure 12. No data are given
beyond 600 nm as there was no significant change in the reflectance.
The spectral region below 400 nm displayed the most significant decrease
in reflectance due to the contaminant film.

The white sample _ and _ values exhibited the same trend as the
• silverized Teflon as shown in Table 3.

The evaporated gold sample o_changed at all of the three levels of
contaminant mass loading. The E for gold could not be determined

• because black stripes, which were included to prevent excessive tem-
peratures which would result with an all gold sample, dominate the

: thermal _ characteristic of the sample.
The solar cell output as a function of mass loading is given in

Figure 13. The solar cell was at 248 K (-25°C) during the contaminant

1: loading periods with the X-25L solar simulator on. The ratio of solar
cell output to solar simulator monitoring radiometer is plotted to account
for any fluctuations which occur in the X-25L simulator. The data are a
composite of two separate mass loadings with the cell being cleaned
between runs. With the QCM mass loading above 3.4 × 10-6 g/cm 2, the
solar cell indicated no further decrease in _dtput, even at the maximum
loading of 3.0 × 10-5 g/cm 2. The reason for this characteristic is not
known.

CONCLUSIONS

A deposit of 6.2 × 10-7 g/em 2 on the solar cells corresponding to
a thickness of about 43 _ which was calculated for the earliest solar

array deployment, will not affect to a detectable degree, the performance
: of the solar cells. In fact, according to the degradation tests, a deposit,
, an order of magnitude higher than that calculated, produces a 4-percent

degradation in cells' performance.
Similarly, the accretion of about 5 × 10-8 g/cm 2 (3 to 4 A) on the

: silver-coated Teflon insulation of the hydrazine tank, is too small to
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cause sensible change in the _/e properties of the surface. The degra-
dation test showed an ct/E change from 0.10 to 0.12 when a film of

3 × 10 -6 g/cm 2, about 220 A thick, was added to the clean surface.
Degradation data as a function of mass deposits have been provided for

the above surfaces, and for a white surface and a gold surface.

In conclusion, these degradation tests indicate that the calculated
deposits would have to be one or two orders of magnitude higher to pro-

duce sensible effects on the thermal optical properties of the surfaces
on which they will deposit. On the other hand, no estimate was possible

on the size distribution, quantities, and velocities of particulates ejected

by the motor 8 minutes after its firing, without actual engine firing and
statistical measurements, ff a number of particulates de)osited on

surfaces, they would be centers of scattering. Those orbiting for a
time with the spacecraft would be sporadic sources of interference with
radiation observations.
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