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Abstract 

The change i n  absorptance of the 1.8 square 
meters of 2-93 white paint applied as the primary 
component of a passive thermal control system is  
evaluated by varying the  paint absorptance values 
used i n  a calibrated computer model of the s a t e l l i t e  
u n t i l  the resul t ing temperatures matched the f l i g h t  
data. This absorptance change is  determined for  a 
6200 hour, constant sunlight period i n  a 1000 ki lo-  
meter orb i t  and found t o  have increased by 0.04 as 
expected. It has been concluded t h a t  inadvertant 
contamination has caused higher degradation of one 
area. 
caused thermal problems. Hence, the white paint 
system i s  functioning sa t i s fac tor i ly .  

T h i s  area of higher degradation has not 

Introduction 

The second Space Electr ic  Rocket Test sa te l -  
l i t e  ( o r  SERT 11) i s  a long duration, space envi- 
ronment t e s t  vehicle for  a one kilowatt, mercury 
bombardment, ion thruster.  In i t s  orbit ing config- 
uration the SERT I1 s a t e l l i t e  consists of the Agena 
D booster, a spacecrd t  support un i t  (SSU) which. 
houses the command system, telemetry and control mo- 
ment gyros (CMG's) , and a spacecraft section which 
houses the two ion thrusters  and associated experi- 
ments (see f ig .  1). After reaching a stable orbit ,  
the  Agena w a s  shut down and has remained dormant. 
Power f o r  the  satellite i s  supplied by two solar ar- 
ray wings attached t o  the Agena. 
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The s a t e l l i t e  w a s  placed i n  a 1000 Inn (540 n. 
mile), circular,  constant sunlight polar orb i t  on 
February 3, 1970. The orientation i s  with the ion 
thrusters  pointing towards the ear th  and the solar 
ce l l s  facing the sun. 
dient s tabi l ized and does not spin. The oblateness 
of the earth has caused the orb i t  plane t o  precess 
so t h a t  the s a t e l l i t e  remained i n  constant sunlight 
u n t i l  November 23, 1970. A t  this time the an t ic i -  
pated shadowing of the s a t e l l i t e  f o r  par t  of each 
orb i t  began. This periodic interruption of solar 
power has required t h a t  a c t i v i t i e s  with the sa te l -  
l i t e  be minimized u n t i l  it again d r i f t s  in to  a con- 
s tant  sunlight orb i t  i n  February, 1971. 

al control system is being used 
on this s a t e l 1 i t e . E )  This system consists of 2-93 
white paint, aluminum surfaces and black paint. The 
purpose of this report  i s  t o  present the f l i g h t  per- 
formance evaluation of the major component of the 
thermal control system, the  2-93 w h i t e  paint. The 
evaluation w i l l  cover the period from launch u n t i l  
the  premature shutdown of the second ion thruster  on 

constant sunlight, space environment. This is be- 
lieved t o  be the first such evaluation of 2-93 w h i t e  

The s a t e l l i t e  i s  gravity gra- 

A passive t h e  

%October 17, 1970, a t o t a l  time of 6200 hours i n  a 

*Aerospace Ehgineers, Spacecraft Technology Division 

paint applied as par t  of a passive thermal' control 
system over this extended period of time i n  space. 

The evaluation of the paint perfomance i n  this 
mission i s  complicated by the f a c t  tha t  the coated 
panels are  in tegra l  par ts  of a s t ructure  and are 
not thermally isolated.  Changes i n  temperature, 
therefore, can not automatically be correlated t o  
changes i n  optical. properties of the coating. The 
procedure used i n  this evalua%ion i s  essent ia l ly  
the same as t h a t  used i n  the design of the thermal 
control system. The analytical  thermal model, us- 
ing the design opt ical  properties of the coatings, 
w a s  subjected t o  the space environmental heating 
factors  and internal  heat dissipation a t  a given 
time i n  the mission and these analytical  resu l t s  
compared t o  the f l i g h t  data. The space environmen- 
t a l  heating inputs were evaluated at an ear ly  point 
i n  the mission t o  ensure tha t  all heat inputs were 
included. Differences between the  f l i g h t  data  and 
the analyt ical  model resul ts ,  then, were proportion- 
al t o  changes i n  the solar  absorptance of the coat- 
ing. 

Since the analytical  thermal model i s  such a 
necessary t o o l  i n  this evaluation, it w i l l  be d is -  
cussed i n  the next section along with the other com- 
ponents of the SERT I1 thermal system. Then, the 
f l i g h t  data  w i l l  be discussed and the resul t ing so- 
lar absorptance curve f o r  the 6200 hours of f l i g h t  
w i l l  be presented. 

Discussion of the Thermal System 

Analytical Model 

The basic tool  used i n  this evaluation of the 
coating performance is  the analyt ical  thermal model 
of the s a t e l l i t e .  Since this model would be so i m -  
portant t o  the project, considerable e f f o r t  w a s  ex- 
pended i n  making the model accurate and detailed 
enough t o  be useful. The computer program chosen 
t o  solve the analytical  thermal. network w a s  the  
Chrysler roved Numerical Differencing Analyzer 
or  CIXDA. E? 

The model consists of a 109 node representa- 
t ion  of the spacecraft section, a 81 node represen- 
ta t ion  of the SSU and the  Lockheed analytical  model 
of the forward equipment rack f o r  a t o t a l  of 534 
nodes. Heat conduction t e s t s  on the shims used be- 
tween the  SSU and Agena rack had indicated tha t  the 
SSU would be essentSally thermally isolated from 
the Agena. 
t o  t r e a t  the thermal considerations f o r  orbit ing 
conditions; the Agena rack w a s  used t o  s a t i s f y  the 
radiation boundary conditions f o r  the two sections 
containing a l l  of the heat dissipating components. 

Hence, these sections were suff ic ient  

The nodal layout of the spacecraft and SSU an- 
a l y t i c a l  model i s  shown in  Fig. 2. The majority of 
the nodes are assigned t o  the structure.  Compo- 
nents on each t r a y  are generally lumped in to  a s in-  
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gle  node w h i l e  t he  t r a y  i t s e l f  i s  assigned a sepa- 
rate node. The two ion thrusters  which are essen- 
t i a l l y  thermally.isolated are assigned one node 
each. A jo in t  thermal conductance value of about 316 
w a t t s / m 2  w a s  experimentally obtained and incorpo- 
rated in to  the model for all s t ruc tura l  joints. In- 
te rna l  radiat ion interchange factors  were obtained 

by hand calculations or  by use of CONF'AC 

Calibration of the  Analytical Model 

In se t t ing  up an analyt ical  model, some of the  
assumptions which must be made might invalidate the  
accuracy of the  model. In order t o  guard against 
t h i s  poss ib i l i ty  the SERT I1 analyt ical  model was 
calibrated against temperature data  obtained i n  a 
t e s t  program. 

T h i s  cal ibrat ion was accomplished by instru-  
menting the prototype spacecraft, SSU and simulated 
Agena forward rack with 144 thermocouples and col- 
lect ing data  for a t o t a l  of 160 hours under a vaxi- 

* e ty  of external heating conditions and internal  pow- 
e r  levels. A s  a boundary condition on the computer 
model calculations the Agena rack temperatures and 
the heat receiving panels of the spacecraft and SSU 
were all held a t  the experimentally determined tem-  
peratures. By a laborious i t e r a t ive  process involv- 
ing changes i n  sol id  conductors, radiation in te r -  

.change and heat storage capacities the agreement be- 
tween the computer model r e su l t s  and the experimen- 
t a l l y  obtained temperatures was  made excellent f o r  
both t ransient  and steady state results. 
tai ls  of the t e s t  procedure can be found i n  Ref. l. 
The resu l t s  f o r  the  areas of in te res t  i n  t h i s  report 
for 100 hours of the  t e s t  program are shown i n  Figs. 
3 (a), (b), and (c) .  A s  can be seen from the curves 
the agreement is within 4OC with the  predictions 
generally colder than the thermistor readings, 
Hence, the analyt ical  thermal model was calibrated 
for internal  heat exchange and radiation losses t o  
the environment provided the  heat receiving panel 
temperatures are known. 

Thermal Control System 

The de- 

The analyt ical  thermal model w a s  used t o  deter- 
mine the thermal control pattern tha t  would sa t i s fy  
the component temperature constraints f o r  the  mis- 
sion. This pattern i s  shown i n  Fig. 4. The 2-93 
white paint i s  used on the s i x  sunside panels; an 
area of about 1.8 square meters. 
panels of both the  spacecraft and SSU (bay 8) are 
completely covered with 2-93 paint w h i l e  the  other 
four panels are coated with a pattern of three- 
quarters white paint and one-quarter polished alu- 
minum. 
used i n  designing the thermal pattern were: 

The main sun axis 

The opt ical  properties of the 2-93 paint 

Solar absorptance of 0.16kO. 03 
Ehittance of 0.90&0.05 

The 2-93 paint w a s  chosen as the solar ref lec-  
t o r  coating because of i ts  
l i g h t  i n  near Earth orb i t s  r4-7jwhere par t ic le  in -  
cluded damage would be minimized. 
the paint disadvantages of easy contamination and 
d i f f i cu l ty  of application could be overcome. 
confidence was based on the  knowledge tha t  the pan- 
e l s  t o  be painted were removable ones that could be 
replaced i f  contaminated and tha t  experimental work 

epu ed s t a b i l i t y  i n  sun- 

It w a s  f e l t  t ha t  

This 

with the  patnt indicated there would be no d i f f i -  
cu l ty  i n  applying the paint, 

taining two complete sets of panels; one s e t  which 
und-awent all of the f l i g h t  acceptance tes t ing  with 
the s t ructure  and a f l i g h t  s e t  which w e r e  attached 
t o  the  s a t e l l i t e  j u s t  pr ior  t o  shroud instal la t ion.  
The paint on the f l i gh t  set of panels w a s  applied 
within a week of the t e s t  set by the same people, 
using the same procedures as the  t e s t  set. The 
f l i g h t  panels were subjected only t o  a thermal- 
vacuum test i n  an ion-pumped f a c i l i t y  and then 
packaged together f o r  s h i p e n t  t o  the launch s i t e .  
Paint evaluation samples tha t  w e r e  painted a t  the  
same time as the f l i gh t  panels were monitered for 
optical  properties a t  various stages of the f l i g h t  
panel test, packaging and f i n a l  instal la t ion.  
There were no changes detected i n  the  opt ical  prop- 
e r t i e s  of these paint samples. 

The paint w a s  kept . from being contaminated up u n t i l  launch by main- 

The pa in t ' s  reputation for  being d i f f i cu l t . t o  
apply became appaxent i n  the ea r ly  prototype phase 
of the  program. 
sium panels began t o  f l&e off under ambient con- 
di t ions about one week a f t e r  application (see f ig .  
5). 
and a program undertaken t o  re learn the secret of 
successful application of 2-93 paint. 
lesson learned was t ha t  the cleanliness of the sub- 
s t r a t e  i s  a major contributor t o  good paint adhe- 
sion. T h i s  alone did not solve the application 
problems f o r  the paint texture would vary between 
rough, sandy coatings and smooth, glossy finishes. 
The glossy coating looked w e l l  but did not exhibit 
the adhesion of the sandy coating i n  the bend ad- 
hesion t e s t  (see fig. 6). The difference was f i -  
na l ly  found t o  be i n  the drying of the paint: i n  
periods of high humidity the water did not evapo- 
rate and the paint dried t o  a smooth, glossy tex- 
ture. The addition of a bake out immediately af-  
t e r  application resulted i n  a panel t h a t  was  uni- 
formly coated with a rough, sandy textured coat of 
2-93 paint t h a t  had excellent adhesion. 
tails of the successful application of 2-93 paint 
can be found i n  Ref. 8. 

The paint applied t o  the  magne- 

The panel substrate w a s  changed t o  aluminum 

The f i r s t  

The de- 

Fl ight  Thermal Instrumentation 

Of the  57 f l i g h t  thermistors on the SERT I1 
sa te l l i t e ,  23 are attached t o  the  spacecraft and 
SSU structure. The evaluation of the  t o t a l  ther- 
m a l  control system requires the  matching of the 
computer resu l t s  with all 23 of the f l i g h t  tem- 
peratures. However, the  performance of the  2-93 
paint can be demonstrated by an inspection of only 
5 f l i g h t  readings consisting of two paneltempera- 
tures  and three internal  temperatures (see f ig .  7 ) .  

The f l i g h t  temperatures axe d ig i t a l ly  coded 
i n  the  spacecraft, returned t o  Earth by the telem- 
e t r y  system and then computer converted t o  temper- 
atures. This f l i g h t  thermistor system w a s  ca l i -  
brated against thermocouple readings a t  the  same 
time tha t  data  was  being collected for the  ca l i -  
bration of the  analyt ical  computer model. 
found tha t  the thermocouple-thermistor agreement 
w a s  generally within +3OC. 
;tl. count which is  the estimated accuracy of the 
telemetry system. 

It w a s  

This corresponds t o  a 



Discussion of Fl ight  Results 

Heat Dissipation 

. *The di rec t  Solar f lux  is the  most important 
of the external heating fluxes. 
ation of the o r b i t  plane w i t h  respect t o  the Earth-  
Sun l i n e  was known. fo r  the mission l i f e .  
angle varied from 2 5 O  at the  time of launch t o  a 
minimum of 4 O  a t  about 1600 hours a f te r  launch, 
then increased t o  15O at 3300 hours, decreased t o  
60 at 5000 hours and then increased t o  25O again 
a t  6200 hours. This information coupled w i t h  the 
seasonal variation of the solar  f lux  was  suff ic ient  
t o  compute the incident solar  f lux  perpendicular t o  
the orb i t  plane. (see fig.  8). 
E a r t h  thermal radiat 'on and albedo were obtaked 
from the l i t e ra ture .  t9) 

The angular vari-  

This 

Average values f o r  

The SERT I1 orbi t  i s  fixed with respect t o  
the Earth at a go inclination. The s a t e l l i t e  i s  
a l w a y s  oriented so t h a t  the ion thrusters  face 
Earth and the solar  axray points toward the Sun. 
With the s a t e l l i t e  i n  this configuration, there  
are two osci l la t ions of the  incident solar  energy 
over each o r b i t  (see f ig .  9). There i s  a longitu- 
dinal  osci l la t ion i n  the solar energy incident t o  
the Earth facing surface of the s a t e l l i t e  over the  
polar regions (see figs.  9(a), and (c ) ) .  With the 

time of launch) , the  E a r t h  facing surface i s  sun- 
lit over the North Pole and shaded over the South 
Pole. 
moves so t h a t  the Sun is  in the northerm hemi- 
sphere. 
t ion  of inciaent sunlight on the sides of the sat- 
e l l i t e  over the  equator (see f igs .  9(b), and (a ) ) .  
This osci l la t ion of incident f lux  has caused the 
f l i g h t  tempwatures of the four polished metal Z- 
93 painted panels t o  vary over a wide range com- 
plicating the analysis of this temperature data. 
The two, f u l l y  coated panels were centered on the 
main axis of the s a t e l l i t e  and remained i n  the or- 
b i t  plane. 
the solar f lux  incident t o  these two panels and, 
therefore, did not cause orb i ta l  temperature fluc- 
tuations i n  the f l i g h t  data. 
two panels forms the basis  of t h i s  analysis. 
f l i g h t  temperatures of the other four panels axe 
used t o  support the conclus5ons derived from the 
analysis of the  two main panels. For the analysis 
the osci l la t ions i n  the incident solar energy were 
averaged over the orb i t  and applied t o  the  appro- 
pr ia te  panels as heat inputs. 

' 

. Sun i n  the southern hemisphere (as  it was at the 

The s i tuat ion is  reversed when the E a r t h  

In addition there  i s  a lateral osci l la-  

Hence, neither osci l la t ion affected 

The data  from these 
The 

The internal  heat dissipation depends on the 
ac t iv i ty  s ta tus  of the  satellite. The heat d i ss i -  
pation for the  6200 hour period considered by this 
report  i s  shown i n  Fig. 10. 

Comparison of Flight and Analytical Results 

The analyt ical  model was  used t o  compute the 
expected steady-state temperatures f o r  conditions 
of internal  heat dissipation and environmental 
heating corresponding t o  80 hours a f te r  launch. 
Design opt ical  properties were used. 
computations resulted i n  predicted temperatures 
tha t  were about 15' C below the measured f l i g h t  
temperatures. 
mental heat input were required. The so las  heat- 
ing terms were expanded t o  account f o r  such items 

These first 

Further corrections t o  the environ- 
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as: in te r ior  heating through the  holes i n  the 
ion-thruster s ide of the s a t e l l i t e  during the times 
when t h i s  surface was  i n  sunlight, heating due t o  
the numerous screwheads, and heating due t o  un- 
coated metal i n  the gaps between the panels and be- 
tween the spacecraft and SSU. The value used f o r  
the solas absorptance of the 2-93 paint w a s  in- 
creased t o  0.17 which w a s  within the tolerance,of 
the design opt ical  properties. 
t o r s  were added the agreement w a s  improved, but 
the SSU section was s t i l l  too cold. An addition- 
al heat input t o  the SSU main panel w a s  required 
i n  order t o  obtain reasonable agreement between 
the f l i g h t  data  and the analyt ical  model resul ts .  
After considering the possibi l i t ies ,  it w a s  con- 
cluded t h a t  the solar absorptance of the SSU main 
panel must be increased above the  value used for 
the spacecraft main panel paint. The agreement 
then became within expectations. T h i s  implied 
tha t  the SSU panel paint had become damaged i n  1 
some manner. This point w i l l  be discussed more 
f u l l y  i n  the next section. 

After these fac- 

This evaluation of the 2-93 paint i s  based 
on the comparison of f l i g h t  temperatures and com- 
puter model steady-state resu l t s  at eight points 
over the  mission using the environmental heating 
and internal  heat dissipation values correspond- 
ing t o  the  point under consideration. All s o l a r  
heating term corrections found t o  be necessary t o  
obtain good agreement i n  the 80 hour case were 
modified t o  account for solar incidence angle and. 
included i n  the  computation. The paint emittance 
was assumed t o  be constant. 

Parametric computer runs at each of the eight 
points were made using a range of values of  paint 
absorptance t o  determine how the absorptance chang- 
ed. Agreement of the  panel and the internal  t e m -  
peratures w a s  required t o  increase the confidence 
i n  the resul ts .  
tures  alone w a s  not suff ic ient  t o  insure the val- 
i d i t y  of the resul t ing change i n  absorptance. 

Agreement of the  panel tempera- 

The r e s u l t s  of the comparison between the 
f l i g h t  temperatures and the analyt ical  model re-  
s u l t s  for the  bay 8 panels are shown i n  Figs. 11 
(a) , and (b) 
these f igures  are the  bes t  f i t  values t o  the f l i g h t  
data  and, hence, determine the solar  absorptance 
behavior of the  2-93 paint from the  80 hour point 
used t o  cal ibrate  the environmental heating of the 
sa te l l i t e .  The sol id  l i n e  represents a smooth 
curve between the eight points used i n  the  analy- 
sis. Thus, possible temperature fluctuations be- 
tween the computed points due t o  changes i n  inter-  
na l  heat dissipation are disregarded. 
excellent panel temperature agreement then, one 
would expect t h a t  the internal  temperature trends 
would be similar t o  those obtained i n  the calibra- 
t ion  tes t s .  The comparison of these internal  t em-  
peratures for the  f l i g h t  conditions i s  shown i n  
Figs. 12(a),  Cb), and (c).  Again, the analyt ical  
model curve i s  drawn through the computed points. 
Whe agreement for these cases i s  also very good. 
The tendency f o r  the bat tery temperature t o  be low 
i n  the analyt ical  model resu l t s  w a s  noted i n  the 
calibration t e s t s  when the  ba t te ry  was  not being 
charged or  discharged. The f i t  i n  temperatures, 
as presented here, is  f e l t  t o  be the best  possible 
within the accuracy of the model and the f l i g h t  
data. 

The analyt ical  temperatures used i n  

With this 



Resultant 2-93 Paint Absorptance 

The resultan% change i n  the  solar  absorptance 
for the  2-93 paint used on the  SERT I1 s a t e l l i t e  is 
shown i n  Fig. 13. The paint on the  spacecraft bay 
8 has exhibited a slow, continual increase i n  solar  
absorptance over the in i t ia l .  v d u e  of 0.17. The 
nominal change for the  6200 hour period is  0.04. 
The design expectation for absorptance change was a 
0.04 increase i n  2000 hours based on the work re- 
ported i n  Refs .  10 and 11. The resu l t s  reported i n  
Ref .  1 2  i s  also shown on Fig. 13. The agreement 
with these l i t e r a tu re  values i s  reasonable. 

The SSU bay 8 panel 2-93 paint absorptance 
change however, has shown the ch c e r i s t i c s  of the  

IV.?sy T h i s  SSU panel paint absorptance curve w a s  
. generated by assuming tha t  the absorptance of both 

the spacecraft and SSU panels was  i n i t i a l l y  at the 
same value. T h i s  latter assumption i s  believed t o  
be logical  since both panels were painted within 5 . minutes of each other on the same day, by the  same 
man, with the same batch of paint, and cured, t e s t -  
ed and packaged together. 
i n  procedure can be found up t o  the f i n a l  ins ta l la -  
t ion  of the f l i g h t  panels. 
the f l i gh t  panels t o  the structure, both the space- 
c raf t  and SSU were wrapped i n  paper t o  protect the 
surfaces. The next day the paper w a s  removed and 
the shroud put i n  place. 
the environment u n t i l  launch should have been the 
same for all panels. Paint samples were l e f t  i n  
the gantry from the time the panels were removed 
from the i r  containers u n t i l  the  shroud w a s  in- 
s ta l led.  The opt ical  properties of these samples 
were measured and found t o  be same as the values. 
obtained when the panels were first painted. 

2-9 i n t  samples flown on ATS V 3 f  I and Mariner 

No significant difference 

After the assembly of 

With the shroud ins ta l led  

The search for possible explanations for  the 
degradation of the  2-93 paint on this SSU bay 8 
panel s tar ted within a week &ter  launch when the 
r i s ing  panel temperatures indicated the unexpected 
behavior. It is  known tha t  2-93 paint can be de- 
graded by charged par t ic le  fluxes. The change i n  
the solar absorptance for t h i s  SSU panel paint ap- 
pears t o  follow the data from the  ATS I and Mariner 
IV f l i gh t  experiments where par t ic le  induced degra- 
dation was considered a l i ke ly  explanation for the 
damage mechanism. However, it is  hard t o  visul ize  
different  par t iculate  environments for the  two bay 
8 panels whose temperature sensors are only 0.6 me- 
t e r s  apart. Degradation of the SSU panel from a 
charged par t ic le  f lux  from the ion thrusters  w a s  
ruled out also since the  degradation s tar ted before 
the thruster  was  turned on. Par t ic le  fluxes as a 
source of increased degradation for one of the  pan- 
e l s  were ruled out for the  above reasons. 

It has been postulated tha t  the paint may have 
cracked and peeled off i n  a manner s i m i l a r  t o  t ha t  
experienced by the prototype panels. Experience 
with the application of 2-93 paint has sham that 
cracking and peeling of the paint i s  a phenomena 
tha t  takes place within a week or two of applica- 
tion. No such cracking or  peeling of any of the 
f l i gh t  panels w a s  noted from the time of applica- 
t ion  i n  September, 1969, throught the tes t ing  and 
packaging, up t o  the f i n a l  ins ta l la t ion  i n  February, 
1970. 
weeks of drying without cracking, it usually remains 
firmly attached t o  the substrate. 

Once the paint has survived the i n i t i a l  few 

In addition it 

would be very for tui tous for the  paint t o  crack off 
i n  such a fashion tha t  would give the degradation 

*character is t ics  noted i n  Plight. Therefore, crack- 
ing and peeling of the  paint i s  not believed t o  be 
a probable cause of the degradation of the  SSU pan- 
e l  2-93 paint. 

M6er reviewing these and other machanisms t o  
account for the  SSU panel f l i g h t  temperatures, it 
w a s  concluded tha t  the  paint on this panel Lad be- 
come contaminated i n  sp i te  of the precautions tak- 
en. The source of the contamination i n  unknown. 
However, at possible explanation of haw this one 
panel might have been contaminated does exist. The 
shroud used w a s  a clamshell varriety that mounted on 
a r ing  inmediately below the SSU. The shroud split 
l i n e  w a s  i n  the center of the bay 8 panels. The 
clearance between the shroud and the SSU panel was  
about 2 t o  3 cm. The spacecraft bay 8 panel w a s  
s e t  back about 1 cm from the SSU so that ,  i n  in -  
s t a l l i ng  the shroud, care had t o  be taken not t o  
physically damage the paint on the  SSU panel. 
addition this SSU panel w a s  painted down t o  the 
shroud mounting ring. 
be made a t  t h i s  s p l i t  l ine ,  i n  f ront  of the  white 
paint, a f t e r  the shroud w a s  i n  place. A dry lubri-  
cant w a s  a l so  used on the mounting r ing t o  insure 
tha t  the shroud would fa l l  away. Special precau- 
t ions were taken t o  prevent damage t o  the paint 
from these causes. However, it i s  conceivable tha t  
contaminations could s t i l l  have been introduced and 
localized i n  the  SSU bay 8 panel paint when the 
shroud w a s  installed. 

In 

A f i n a l  connection had t o  

The absorptance of the 2-93 paint used on the 
other four panels of the SERT I1 s a t e l l i t e  can only 
be inferred from the f l i gh t  panel temperatures be- 
cause of the  orb i ta l  fluctuation i n  solar  heating 
mentioned previously. Based on a comparison of the  
f l i g h t  temperatures with the computer model resu l t s  
it is  believed tha t  the  solar absorptance of this 
2-93 paint i s  following the trends of the paint on 
the  spacecraft bay 8 panel ra ther  than the SSU bay 
8 panel (see figs. 14 (a) ,  (b), (c) ,  and (a ) ) .  
The sol id  l i n e  represents the computed temperatures 
when the 2-93 paint degradation follows the space- 
c ra f t  bay 8 absorptance. The dashed l i n e  i n  f igs .  
14 (c) and (d) represents the analyt ical  resu l t s  
f o r  degradation on these panels corresponding t o  
tha t  of the  SSU bay 8 paint. 
t igat ion of this higher degradation r a t e  w a s  con- 
ducted for only the SSU panels. However, an in- 
crease i n  the paint absorptance fo r  the spacecraft 
panels would necessarily resu l t  i n  an increase i n  
panel temperatures similar t o  tha t  experienced by 
the SSU panels. 
angle the lateral osci l la t ion o f  solar energy is  
minimized reducing the range of temperature varia- 
t ions i n  these panels. Under t h i s  condition the 
analyt ical  m o d e l  r esu l t s  should be i n  good agree- 
ment with the  f l i gh t  data. 
er, the  analyt ical  model resu l t s  should tend t o  be 
centered i n  the fluctuations of the  f l i g h t  data. 
As shown in  Fig. 14, these conditions are  met only 
i f  the 2-93 paint degradation f o r  these four panels 
follows the spacecraft bay 8 panel absorptance 
curve. Hence, it i s  believed tha t  only one of the 
s ix  panels has been contaminated. 
on a.ll other panels appears t o  be following the 
trends exhibited i n  laboratory t e s t s  for ul t ra -  
violet  exposure. 

An analyt ical  inves- 

A t  the  minimum solar incidence 

When the angle is larg-  

The 2-93 paint 
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In conducting this analysis it was  found %hat 
a 0 , O l  change in .  the solax absorptance value would 
cause about 1.5OC change in  the two main panel tem- 
peratures and about Z°C change i n  the other four 
panels. The uncertainity associated with the  re-  
sul tant  absorptance curve (f ig .  13) due t o  telem- 
e t ry  and model uncertainity i s  about @.02. 

The 0.15 increase i n  the  SSUbay 8 panel 2-93 
paint has caused a panel temperature r i s e  of about 
20°C. The resul t ing in te rna l  temperature change, 
however, w a s  only 5OC which is within the capabil- 
i t y  of the thermal control system. Therefore, even 
with this unexpected degradation of the paint on 
the  SSUbay 8 panel, the 2-93 paint i s  functioning 
properly as the solar re f lec tor  coating for the  
SERT I1 satellite. 

. 

Concluding Remarks 

This report has presented a f l i g h t  perform- 
ance evaluation of the  2-93 white paint used i n  the 

* SERT II passive thermal control system. This eval- 
uation is a determination of the change i n  the so- 
lar absorptance of the  paint for a 6200 hour period. 
The evaluation is  accomplished by a comparison of 
the f l i gh t  data  with the resu l t s  of a parametric 
stud? using the  thermal analyt ical  model. The so- 
lar absorptance change of the  main spacecraft pan- 

' e l  2-93 paint has degraded by the expected amount 
but at a slower rate than anticipated. Th i s  data  
correlates w e l l  with existing laboratory data  for 
ult raviolet  degradation of the paint. O f  the  in- 
crease of 0.04 i n  6000 hours of exposure, half of 
this change occured i n  the first 1500 hours. After 
t h i s  period the rate of change decreased. The 2-93 
paint on the four off-axis panels (bay 1 and 7 of 
the spacecraft and SSU) is  believed t o  be following 
a similar degradation curve. 

The degradation of the  2-93 paint on the  main 
SSU panel, however, i s  f a r  more rapid than t h a t  of 
the spacecraft paint. T h i s  increase i s  about 0.15 
i n  6000 hours. The rate of change, however, has 
been continually decreasing fo r  the last 4000 hours 
of t h i s  period. 
t ion  of the 2-93 paint on this panel i s  due t o  in- 
advertent contamination. 

It is believed t h a t  the degrada- 

The SSU 2-93 paint degradation has caused a 
panel temperature r i s e  of 20°C. However, the  in-  
te rna l  bulkhead temperature has increased by only 
5OC and there i s  suff ic ient  m g i n  i n  the design t o  
to le ra te  t h i s  r i se .  Hence, the 2-93 paint i s  func- 
tioning sa t i s fac tor i ly  i n  keeping all component 
temperatures within the i r  respective limits, 
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Figure 5. - Self lifting of 2-93 paint from magnesium. 

Figure 6. - Bend adhesion test results: effect of surface texture. 
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Figure 8. - Solar flux incident on SERT I1 orbital plane. 
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F igure 10. - SERT I1 in ternal  heat dissipation. 
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