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CONCLUSION

A tolerance study was accomplished in two phases:

PEASE I - Estimates were made by Vidya and IMSC on "Likely"

extreme values of parameters. These were analyzed
and predicted the lens temperature would be between 70 and 80°F
(1f designed for 72°F).

PHASE II - Then the most extreme surface property changes

were assumed and, if combined with extremes of all
other extreme parameters, the lens temperature would be between
60 and 90°F.




A nominal surface mosaic consisting of gold and white strips
was found for L-4 which created a lens temperature of 72.1°¢ under
nominal conditions of surface properties, duty cycle, and beta angle.
Variations in these parameters disclosed that surface properties,
under the rule that absorptivity and emissivity vary in the same
direction, caused a variation in lens temperature of 2.9°F; the beta
angle variation from 18° to 39° around a nominal of 29° caused the lens
temperature to vary -1.5°F to +1.7° around the nominal; and the camera
operating duty-cycle variation from zero to 12 minutes around a nominal
of 4 minutes per pass caused the lens temperature to vary -1.5%F to
3.2°F around the nominal. When all of the warmest effects were

combined into one run the lens temperature was found to be 79.7°F.

All of the lens-temperature variations obtained through this
study up to this point could not explain the flight results received
on previous units. Therefore, it was decided that more drastic
extremes should be sought by allowing the surface properties to vary
in a different mammer, The new variations would allow the
absorptivity of the surface finishes to go up while the emissivity
went down or vice versa. With this new ground rule it was found that
the effect on lens temperature due to surface properties alone was
-7.7 to +12,6°F around the nominal. With this wider range of
temperature variation due to surface properties the total band of lens
temperature level, with all parametric variations studied {n analysis
superimposed, is expected to be approximately 60° to 90°F with a
nominal of 72°F.




TEMPERATURE TOLERANCE STUDY - PHASE I

1. INTRODUCT ION

The purpose of this report is to present the results obtained in
Phase I of the Lanyard System temperature tolerance study. This
temperature tolerance study was requested in order to provide the
anticipated bounds on the temperature level of critical components
within the "L'" System. Phase I of this study contained certain
variables which are pertinent to the expected band of temperature
levels; however, it is to be considered as limited in scope. 1In
Phase I the parametric study was to include the following:

(1) the anticipated variation in beta angle around the nominal

beta,

(2) the expected variation of the nominal value of the surface
finishes as prescribed by tests performed on the ground by
IMSC, and

(3) wvariations in camera operating duty cycle.

These variables do not completely define the possible range of
temperature variations to be anticipated. Phase 1I of the tolerance
study would complete the possible range of variations by including
such variables as the external heating constants, altitude, and

vehicle roll angle.

2. METHOD OF ATTACK

The thermal mathematical model of the Lanyard System has in the
past been used to predict temperature distributions of the "L"
System during flight. These flight predictions for past units have
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not agreed with flight results. Due to the limited thermal
experimental results obtained because of program schedule pressures
and other limitations, it has not been possible to upgrade the
mathematical model such that more precise predictions can be made,
There are two main deviations in the predictions from flight results;
namely, (1) the levels predicted by the model are lower than the
experimentally observed results, and (2) the temperature distribution
within the package does not agree. It is not the purpose of this
report to explain these deviations. However, the temperature level
of the package is a function of the boundary conditions imposed on
the mathematical model and therefore if these estimated conditions
deviate, then predictions should be different from observed results.
The results of this study will show how the temperature levels can
vary as a function of certain boundary conditions. Regarding the
deviations between flight results and predicted results in the
temperature distribution, it is apparent that this is a flaw in the
mathematical model. These errors, however, are small and to date it
has not been possible to correct them., However, for purposes of this

analysis, the effect of these small errors should be negligible.

In using the thermal mathematical model, the method of attack for

the evaluation of the uncertainties is as follows:

(1) Through a series of computer runs & nominal exterior vehicle
skin mosaic, composed of white paint and gold, would be sought which
would give a nominal lens temperature of 70 - 75°F.

(2) Using the nominal mosaic pattern on the exterior skin the
surface properties of the control surface finishes would be varied
within the limits established by ground'teating. These variations
would be designed to seek ocut the expected lowest temperature given by
these variations and the expected highest temperatures,

(3) With the nominal mosaic and nominal surface properties
impogsed the beta angle would be varied to the possible extremes.



SEGRET

The purpose of this is to bracket the effect of beta angle variationms
in terms of the temperature level of the lens. For the L-4 mission
this beta angle variation would be from 18° to 39° with a nominal beta

o . ‘
of 29,

- (&4) The duty cycle would be varied to two values distinctly
different from the expected nominal flight program. These two values
were to be chosen as (a) zero assuming that the system does not
operate (similar to an L-2 condition); and (b) 12 minutes, the longest

burst to be encountered on a mission.

(5) Two predictions were to be made, which would be combinations
of the effective beta angle variation, and surface property
variations.

For each of the above conditions the thermal mathematical model

was used to predict temperature distributions throughout the system.

3. PRESENTATION OF RESULTS

A series of three runs with the computer program was made to
determine which of the sets of vehicle skin mosaics furnished by LMSC
would provide the desired temperature level on the lens, The mosaics
provided for these three runs are tabulated in Figure 1 according to
the adiabatic mean temperature level expected from these mosaics within
the given section of the vehicle. The particular vehicle section is
labeled A, B, or C with reference to the sketch shown in Figure 1.
Each of the three mosaics were developed using the nominal values for
the control surface properties shown tabulated in Figure 1. Also
shown in Figure 1 are the variations assigned to these nominal values.
These variations were used in some temperature predictions and the

results will be presented in the following paragraphs,
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The three mosaics examined can be identified with computer run
numbers 700, 701, and 702, Of these three runs it was found that Run
701 produced a lens temperature which was within the specified range.

‘The lens temperature level produced by Run 701 was 72.1°F. The mosaic

pattern which established this temperature level was taken as the
nominal and was used throughout the rest of this tolerance study. 1In
addition to the nominal paint pattern, the other parameters involved
which establish nominal conditions will be found summarized in Table I
corresponding to Run 701. These nominal conditions are the beta angle
of 29°, nominal surface properties of the white and gold exterior
surface finishes, and a nominal duty cycle of 4-minutes duration per
orbit. Run 701 provided a complete temperature distribution throughout
the system according to the nodal breakdown provided in the mathemati-
cal model. This nodal breakdown will be found in FPigure 2.
Corresponding to the nodes shown in Figure 2, Table II presents the
time averaged temperatures over the tenth orbit for each node for Run
701. Since Table II in conjunction with Figure 2 becomes cumbersome

to use when attempting to determine the temperatures of only a few nodes
within the system, the temperatures of certain critical components have
been extracted and are shown in Figure 3. From Figure 3 it can be
seen that the lens barrel is at 72.1°F. There is approximately a 10°
gradient axially along the lens and the inner tube is at an éverage
temperature of approximately 69°F. This distribution is very similar
to the distributions predicted for the previous units, L-1, L-2, and
L-3.

For each run on the tolerance study the time average mean
temperatures over the tenth orbit have been tabulated. From these
tables the entire temperature distribution throughout the system may be
obtained. In addition to these temperature tables, the temperatures of
selected nodes have been extracted, as was done for Run 701, and placed
on a figure similar to Figure 3. These will be found as Figures 4
throﬁgh 14 of this report,

A summary of the conditions imposed in this tolerance study can



SEoRET

be found in Table I along with the resulting time average lens
temperature, From this table it will be seen that first of all, Runs
703 and 764 were made to show the effect of the beta angle variation,
For these runs, 703 was for a beta angle of 18°, utilizing nominal .
surface properties and a nominal duty cycle, while Run 704 was for
beta angle of 39°, again utilizing nominal conditions. Here it is

seen that this resulted in a variation in the lens temperature of
3.2° or -1.7°F

* +1,5°F
beta-angle variation upon the entire temperature distribution can be

around the nominal temperature, The effect of the

extracted from Tables III and IV, utilizing the complete nodal
definition or a limited examination of the effect may be achieved
from Pigures 4 and 5.

In order to show the effect upon the payload temperature level
and distribution caused by surface property variatiom, Runs 705, 706,
and 707 were made. Run 705 produced the highest temperature level
possible with the surface property variations allowable at the time
when this run was made. When this run was made, similarly with 706
and 707, the basic ground rule was that if the absorptivity took a
positive value of its tolerance limit then the emissivity must also
include its positive tolerance value. Under this condition the
highest alpha over epsilon ratio for the gold occurs when negative
values of the tolerances were used. With white the highest wvalue of
the alpha over epsilon ratio occurs when positive values of its
tolerance are used, Conversely, the lowest alpha over epsilon ratio
for gold occurs when the positive tolerances are used and for white

when the negative tolerances are used.

In order to determine the extreme temperatures to be experienced
due to surface property variations it was desired to choose that
combination of the gold and white properties which would cause the
highest and lowest temperatures, It was assumed that the warmest
predictions would be achieved when both the gold and white took on
values for surface properties which caused each one to have the highest

alpha over epsilon ratio. Similar for the cold case it was assumed
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that the lowest alpha over epsilon ratios for both the gold and white

would cause the lowest temperatures., As shown by Table I, Runs 705
and 706 were set up on this basis with Run 705 being the expected

warmest run and Run 706 the expected coldest.

Run 705 produced an apparent conformation of the basic assumption
made, namely, that the highest alpha over epsilon ratio for both gold
and white would produce the warmest temperature by producing a lens
temperature 2.9°F warmer than the nominal as shown in Table I.
However, Run 706, which was expected to produce the coldest lens
temperature gave a lens temperature which was also warmer than the
nominal. Thus, an apparent ambiguity exists and an explanation for

the peculiar phenomen is in order,

In order to determine how such a2 phenomenon could occur it was
decided that the averaging process used to obtain the integrated
surface properties over spatial spans around the skin should be
examined, The method used to obtain the effective alpha and epsilon
is given by the following equations:

a = a F+ a.(1-F) (D
e = €F + €,(1-F) (2)

Dividing Equation (1) by Equation (2) gives the following expression
for the spatial average alpha over epsilon ratio as a function of

the fraction of white paint on the surface:

aF+ a(l-F)
W G
(3)
éwl-‘ + GG(I-F) -

LN

Using this equation the alpha over epsilon variation as a
function of the fraction of white paint was generated for the nominal

-6~



surface conditions and for the expected coldest surface conditions
(this condition was discussed previously, namely, the lowest alpha
over epsilon ratio on both the gold and white). The results of this
work is shown graphically in Figure 15, From this figure it is seen
that the curve for the expected coldest surface crosses over the '
nominal case producing for a very large temperature range a surface
with an alpha over epsilon ratio which is higher than the nominal.
Thus, the ambiguity presented previously is explained since the
integrated alpha over epsilon ratio can be higher even when individual

constituents of the surface provide colder conditions.

In view of this unexpected result it was decided that the
average alpha over epsilon ratio for each section of the wvehicle,
shown in Figure 1, should be computed as well as the average alpha
over epsilon ratio for the entire payload for all combinations of the
surface properties possible under the ground rules established earlier,
The result of this analysis is shown in tabular form in Table XIV.
Here it is seen that the expected high run, namely 705, does not
produce the highest alpha over epsilon ratio for the entire payload.
In fact, Run 706, which was the expected coldest run has a higher
alpha over epsilon ratio for the entire payload than did Run 705.
However, it has been experienced in the past and it was proven out
herein that Section C of the payload has major control over the
temperature of the lens cell and it will be seen from Table XIV that
Run 705 has the highest alpha over epsilon ratio in that region.
However, in the interests of proving this point and also insuring
that the extreme in temperature excursions had been obtained,.Run 707
was made., For Run 707, the alpha over epsilon ratio for the entire
package was higher than it was for Run 705 (see Table XIV) but in
Section C the alpha over epsilon ratio was lower. Runs 705 and 707
supported the conjecture that Section C isthe controlling factor for
the lens temperature since Run 705 produced a lens temperature of
75.0°F while Run 707 produced 74.0%F.

Table XIV also, shows that Run 701, the nominal case, should have

SEoRET
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produced the coldest temperature since not only does it have the lowest
alpha over epsilon ratio in Section C, but has one of the lowest ratios
for the entire package. This again adds support to the discussion,
over average surface properties, provided previously and also shows that
the fraction of white paint for each section of the payload is somewhere
within the crossover region shown in Figure 15, In addition, Table XIV
shows that the nominal condition establishes alpha over epsilon ratios
for all sections which are as low as any combination of the surface

properties available can produce.

In Table XIV, Cases 5 and 6 show ratios in Section C which are
even higher than the warmest cases run., If the assumptions set forth
and supported previously are correct then these two cases, namely 5
and 6, should produce lens temperatures warmer than Run 705. However,
these two cases were not run to check this out, but from the magnitude
of the increase in alpha over epsilon ratio a significant rise in lens
temperature would not be expected. All other cases shown in Table XIV
give alpha over epsilon ratios which would be expected to produce
temperature levels intermediately between Run 705 and 701,

In order to achieve the limiting temperature levels, Runs 708
and 709 were made. These two runs are combinations of certain of the
parameters all of which are in a direction which tend to raise the
temperature level. Run 708 combines the hottest orbital conditionm,
namely, a beta of 39° with the hottest surface properties which were
used. This particular run included the nominal duty cycle. The
resulting temperature of the lens cell was 76.5° which is a degree and
a half above Run 705 which utilized the same surface properties and is
2.9° hotter than the Run 704 which was for the same beta angle, Run
709 is exactly the same as Run 708, but included a 12-minute duty
cycle instead of the nominal 4-minute duty cycle in order to achieve
the highest temperatures possible with the parametric variations
available, The resulting average lens temperature came out to be
79.7° as shown in Table I.
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In order to determine the effect of duty cycle variation alone,
Runs 710 and 711 imposed the extremes on duty cycle only with all
other patameters held at nominal conditioms. The resulting effects
upon lens temperature are shown in Table I where it is seen that with
no power input into the package, except for the clock, namely Run 710,
the temperature attained was 70.6° while with the extreme duty cycle
of 12 minutes, Run 711, the temperature was 75.3°. This variation in
duty cycle was selected because first of all, zero would be as little
a duty cycle as one could impose and the 12-minute condition is the
longest duty cycle expected during the next mission. Both of these
conditions are more severe than is to be expected. The zero condition
and the 12-minute duty cycle per orbit were both run for a total of
ten orbits which would not occur in an operational unit. Therefore,
both of these conditions are indicative of extremes and yet only a
4.7°F variation from one extreme to the other in the lems cell
temperature was experienced. Tables X and XI present the complete
results for Runs 710 and 711, respectively and Figures 11 and 12
present the results for selected nodes., If these results are
compared to the nominal case, Run 701, Table II and Figure 3, the
effect of duty cycle upon the entire unit may be evaluated.

From the results presented it is seen that the variations in
lens temperature level are not very éevere, with a minimum of 70.4°F
and a maximm of 79.7°F. 1Im fact, the results obtained from this
study do not allow for excursions in temperature level which were
present in the L-3 missions. It was therefore decided that more
drastic extremes should be sought., In order to obtain more drastic
extremes it was decided that the basic ground rule regarding surface
properties should be changed. Originally, the rule was that both
the absorptivity and theemissivity must vary in the same directionm,
either both positively or both negatively. By changing this ground
rule to allow the absorptivity to vary in a positive direction while
the emissivity varied in a negative direction, and vice versa, much
larger extremes should be attained., To determine the effect of the



new surface conditions two more runs, namely Runs 714 and 715 were made.
These two runs held all parameters at the nominal values except for
surface properties. Run 714 allowed the absorptivity of both the gold
and white to vary to the positive value of the tolerance limit and the
emissivity to vary to the negative value of the tolerance limit. Run
715 allowed just the opposite condition with both absorptivities varying
to the negative extreme while the emissivity varied to the positive
extreme, In Table I a summary of these conditions is shown along with
the resulting effect upon lens cell temperature. The complete results
of these two runs can be found in Tables XII and XIII and limited
results can be found in Figures 13 and 14,

Run 714 gave the highest temperature level obtained thus far,
namely 84.7°F and the run did not allow for any variations other than
surface properties, If one can assume that the effect 6f beta angle
and duty cycle are very nearly additive then effects shown previously
may be superimposed upon Run 714 to determine the expected highest
temperature when more than one effect is combined. Run 704 showed that
a variation in beta angle to a warmer condition would cause the lens
cell temperature to raise 1.5°F. Therefore, the expected lens
temperature for the surface properties of Run 714 at a beta angle of
39° would be 86.2°F. If now the warm duty cycle effect is combined
with these surface properties and a beta angle of 39° the expected
temperature would be 89.4°F. Therefore, it can be conjectured that
if all of the warmest parametric variations included in this study
were combined into one prediction the upper limit on lens cell

temperature would be approximately 90°F.

Run 715 produced the lowest temperature of all runs made, namely
64.4°F, If combination of the lowest duty cycle and coldest beta
angle are made by conjecture as they were for the warmest case, then
the expected coldest temperature would be 61.2°F. Therefore, by
conjecture it appears that the operational band of temperatures to be
expected due to all of the parameters studied herein is approximately

o
60 to 90°F.
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