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1.0 SUMMARY

A test has been conducted to determine the solar reflections from the
Orbiter radiator panels. The concave shape of the panels and their specular
silver/Teflon coating can cause focusing of solar energy which could have
adverse heating effects on equipment or astronaut Extra-Vehicular Activity
(EVA) in the vicinity of the radiator panels. A one-tenth scale model of the
forward and mid-forward radiator panels in the deployed position was utilized
in the test. The model was illuminated with a xenon arc sun gun and the
brightness of a small diffuse target located in the reflection was measured.
The target brightness is compared to the brightness of a target directly
illuminated by the sun gun to determine the "number of suns"” in the reflected
light.

Test data has been obtained to define the reflected one-sun envelope
for the embossed silver/Teflon radiator coating. Thirty different solar
attitudes were tested and sufficient data was obtained to establish the
reflected one-sun boundary at any sasttitude by interpolation. The effects of
the double contour on the forward radiator paneis was included in the test.
Solar concentrations of 2 suns were measured and the one-sun envelope was
found to extend approximately 86 inches above the radiator panel. The one-
sun envelope does not extend beyond the panel longitudinal edges and does not

include the payload bay ares.

A limited amount of test data has also been obtained for the radiator
panels with the smooth silver/Teflon coating to support the plamnned EVA on the
STS-5 flight. An interim report (reference 1) describing only the smooth
coating test results was released prior to the STS-5 flight. Although no
other flights will be made with the smooth silver/Teflon, this data has also
been included in this report for informational purposes. Reflectwd solar flux
concentrations as high as 8 suns were observed with the smooth coating and the
one-sun envelope -was determined to extend 195 inches above the panel. The
one-sun boundary extends approximately 25 inches inboard of the panel

hinge-line edge but does not infringe on the payload bay area.
Although the present investigation was constrained (due to time

limitations) to establishing the reflected one-sun boundary, less than one-sun

environments can have significant thermal impacts on payloads particularly if
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one side of the payload is designed to face &way from the sun. It is
therefore recommended that additional testing be conducted to completely
define the reflected solar enviromnment around the radiators. Analysis of
reflections from the embossed coating is difficult due tc the apecular
reflection characteristics of the silver, the embossing pattern and the curved
surface of the radiator pauwl. The ambient environment testing method
established herein provides the most cost effective method of determining the

needed panel sclar reflection data.

2.0 INTRODUCTION

The Orbiter radiator panels are mounted on the inside of the payload
bay doors for protection during ascent and re-entry and thus conform to the
shape of the doors to minimize stowage volume. While in orbit the payload bay
doors are open, exposing the radiators to space as shown in Figure 1. The
forward and mid-forward panels can be deployed away from the doors to provide
additional radiation area to space as illustrated in Figure 1. The aft and
mid-aft panels remain attached to the payload bay doors. For missions which
do not require the additional radiator area, the forward and mid-forward
panels are not deployed and remain stowed against the payload bsy doors.
Figure 2 shows the radiator/door cross-section and the coordinates of major

points in both the deployed and stowed positions.

The external surface of the payload bay door flares inward at the
forward end to provide an aerodynamically smooth interface with the cabin
fuselage as illustrated by Figure 3. Since the radiator conforms to the shape
of the door, there is a portion of the forward panel which also curves
inward. This double curvature portion extends approximately 70 inclkes from
the forward edge of the panel and is referred to as the "double contour" area

of the panel. TFigure 3 also shows the panel contour at various X locations.

The radiator panels are coated with & high solar reflectance
silver/Teflon coating in order to maximize heat rejection in =solar
environments. Two types of coatings are used; the smooth coating used on the
first five Shuttle flights is nearly 100% specular. An embossed coating used
on subsequent flights reduces the specularity to roughly 50%. The specularity
of the coatings in combination with the radiator panel parabolic shape results

in focusing of solar energy in the area above the radiator panels. Ray trace
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analyses have indicated that for 100% specular reflections, a major portion of

the reflected =solar energy is focused in a small area re‘sult:ing in solar

SRR,
.

intensities conziderably greater than one-sun. The embossed coating will
reduce the forused solar flux, but intensities greater than one-sun are still
expected. These high intensity areas could result in thermal problems for

PR

payloads and astronaut activity around the radiators. Of particular interest
is the envelope in which the reflected solar is equal to one sun or more. A
limiting acceptable solar enviromment of om2-sun from two different directions
{direct and reflected) was originally established by NASA/JSC for EVA by the
astronauts. Later information indicates higher solar environments can be
tolerated. However, the determination of the reflevi¢d one-sun envelope has

been retained as the primary test objective to aid in EVA mission planning.

The test utilized the photometric solar simulation method developed

P,

by Bobco (Referemce 2), and more recently used by Hughes to determine the
solar flux reflected from the radiator panel onto the Ku Band Antenna
(Reference 3). A one-tenth scale model of the number 1 and number 2 forward
radiator panels in the deployed position was built by NASA JSC and used in the
test (Figures 4a thru 4c). The model was tested with the two different types
of thermal control coating used on the radiators: the smooth silver/Teflon and
the embossed silver/Teflon. Figure 5a shows the lay-up of the silver/Teflon
on the radiator panel. An embossing pattern shown in Figure 5b is used to
scatter the reflections and reduce the specularity. The smooth silver/Teflon
was applied to the model in 4 inch tape widths as is used on the flight
% vehicle (See Figure 4a). The embossed tape was also applied in 4 inch widths,
N but was then cut into 0.4 inch widths to better simulate the gap between
adjacent tape strips (See Figure 6). The model door simulator was covered
- with the smooth silver/Teflon in 4 inch widths, with the strips running along
e the vehicle X axis. Thus the door was simulated as a smooth uniform surface

covered with the silver/Teflon, whereas the actual vehicle door has radial

3
oy

beams and various equipment (deployment motors, drives, etc.) mounted on it.

A smooth uniform door surface will result in moreE solar energy reflected out

:~r *:"-;E

of the hinge-line gap between the panel and door than the actual door which

it

would tend to absorb more and scatter the incident solar. Therefore, the

model will yield more conservative (worst case) results than the vehicle.




The Orbiter attitude relative to the sun is defined by the vehicle
pitch angle and roll angle as illustrated by ﬁgure 7. The pitch angle (8) is
the angle betwecsa the Orbiter X axis (+X = 0°) and the line-of-sight vector
to the sun. It ranges from 0° to 180°. The roll angle () is the angle
of rotation, clockwise, around the +X Orbiter axis (-Z = 0) to the line-of-
sight vector to the sun. The roll angle ranges from 0° to 3%60°. It
should be noted that the pitch and roll rotations must be performed in order,
i.e., pitch first, then roll.

240 TEST METHOD

The general test method involves illuminating the scale model with a
xenon "sun gun" lamp and measuring the brightness of a small target in the
reflected light. The brightness of the target iis compared to the brightness
of a target directly illuminated at the model surface to determine the "number
of suns" on the target in the reflected light. Figure 8 shows a sketch of the

test arrangement.

Figures 9 thru 11 are photographs of the test set-up. The radiator/
door model was mounted on one end of a rotatable platform and illuminated with
the sun gun. The platform is scribed with one inch squares to locate the
target relative to the model. A wire suspended between two rods supports the
target. The rods are moveable outward and inward from the model (along the
Orbiter Z-axis) and the target slips along the wire to the right and left:of
the model to provide movement in the Orbiter Y-axis. The wire is moved up and
down the rods to adjust the i:arget position in the Orbiter X-axis. Orbiter
pitch angles are simulated by tilting the model as shown in Figure 11. Tae
rods are also tilted and the target is maintained parallel to the model. The
Z and- X target locations are adjusted by the proper trigonometric

relationships and the known tilt angles.

The light reflected from the model coated with the smooth
silver/Teflon is not uniform. Numerous dark spots or shadows are present
apparently due to small surface irregularities in the silver. Figure 12 shows
a photogfaph of a typical shadow pattern reflected fromrthe smooth coating
onto a white scribed surface. The embossed coating reflection is shown in
Figure 13 for comparison. Figure 14 is a close-up of the smooth coating

reflected shadow pattern and Figure 15 shows a close-up of the embossed
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reflection. The smooth coating shadow pattern is apparently caused by small
silver surface irregularities which causes dark spots in the relected light.
Since these surface irregularities are not scaled down, the shadow areas fibm
the model are relatively larger than would occur on a full scale panel. 1In
order to obtain a truer brightness reading on the target, a relatively large
target area was used to effectively integrate the bright and #4ask spots.
Figure 16 is a photograph of a typical smooth coating shadow pattern on the
target. It should be noted that the contrast between the light and dark spots
on the target was much more evident to the naked eye than is depicted in the
photo. It can be seen that with the photometer focused on a small shadow
area, the true target brightness would not be obtained. The photometer was
positioned to subtend a circle of 0.60 inches in diameter on the target to
obtain an average brightness reading. Thus the flux data represents the
average flux over a 6.0 inch circular area in full scale. This procedure was
used for both the embossed and smooth coating. ©Since the embossed coating
reflections are uniform, the measured flux can be used for amall items or
localized heating rates. However, the smooth coating data does not give the
maximum flux on the target and considerably higher 1localized fluxes are
present. This could be significant for small targets or localized areas with

a low surface thermal conductance.

3.1 TEST EQUIPMENT

The test was conducted at NASA-JSC in the TRML (Thermal Radiation
Measurement Laboratory) in Building 13. This lab has black walls, floor and

ceiling to minimize light reflections: The specific equipment used included:

Spectra Brightness Spot Meter
Photo Research Corporation
Burbank, California

Code 1505 UB Serial No. 2182
NASA-JSC 80473

Aerospace Controls Corporation
Type 302 Solar Simulator .
Xenon Arc Lamp

SN 8237-1A and ~1B

Rotary Table
Optometric Tools
Model 5005-Imperial

Target Material
Munsel Standard - 90% reflective paper
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3.2

TEST PROCEDURE

The test was conducted using the following procedure:

1.

2.

3.

4.

Activate sun gun (Figure 17) and photometer at least 15 minutes
prior to start of test.
Align sun gun and model 4o desired pitch and roll angles.

a. Position the model mounting platform normal to the
sun gun by aligning the shadows cast by two objects
located on the platform centerline.

b. Tilt the model to the desired pitch angle.

Ce Rotate the table to the desi.vd roll angle.

Obtain base (one-sun) reading (see Figure 18).

a. Place black shizld over model.

b. Position target in solar beam center at the model
rlane.

c. Take photometer reading with the photometer 68.75
inches from the target and at an angle of less than
45° from the normal.

d. Remove black shield.

Position target.

a. Place target wire holder (goal posts) at the desired
Z location on the scribed table.

b. Locate the target in the desired X position by
adjusting the wire height.

c. Use the giant triangle to position the target in the
desired Y location on the scribed table (Figure 19).

Position the photometer 68.75 inches from the target with the
viewing angle approximately 45o from the target normal. When
target is close to the model, greater angies will be required.
Always minimize the viewing angle.

Record the photometer reading on the data sheet. Always zero
the meter just prior to the reading and recheck the zero after
the reading.

Move the target to a new Y position and repeat steps 5 and 6.
Continue until all desired Y positions are completed.

Move target to a new X position and repeat steps 5, 6 and 7.

Continue until all desired X positions are complete.
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9. Move the target to a new Z position and repeat steps 5 thru 8.
Continue until all desired Z positions are completed.

10. Rotate the table to a new roll angle and repeat steps 4 thru 9
until all desired roil angles are obtained.

11. Hove’ the model to a new pitch angle. Tilt the target wire
holders to the same pitch angle as the model. Use a ruler to
measure the Z distance from the model reference point to the
target for at least one X position for each Z pesition.

12, Repeat step 3 (baseline reading) and turn off the sun gun and
photometer.

4.0 DATA ANALYSIS

Figures 20 and 21 show the test data "number of suns" at various
planes above the radiator panel superimposed on a ray trace analysis for a
90o pitch, 0° roll angle. The smooth silver/Teflon coating test results
agree very closely with the ray trace analysis. Peek solar constants are
within the predicted concentration of solar rays. It is interesting to note
that during the test the solar constants obtained near the panel out board
edge (at Y stations 220 and greatér) were questioned because it did not seem
logical that solar reflections would be in this area. However, as seen by the
ray trace analysis, approximately 15% of the incident solar flux (6 out of 41

rays) are reflected in this area.

The embossed silver/Teflon coating test results shown on Figure 21
indicate that peak solar constants still occur in the specular focal regions
although the peaks are reduced and the solar constants outside the specular

focal region are increased.

Figures 22 through 25 compare the embossed coating test data to the
specular and diffuse analyses for four different planes (Z = 436, 446, 456 and
466). These figures illustrate +that the solar reflections have been
significantly reduced from the completely specular but are higher than the

completely diffuse results.
Figure 26 summarizes the embossed éoating average number of suns as a

function of distance from the radiator panel. Specular and diffuse analyses

results are also shown for various absorptivities. Based on the assumption of

ST I R e -.‘.__}
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50f specular reflections from the embossed coating, an absorptivity of 0.125
appears to best agree with the test data. This verifies that the sun gun

b oy

spectral output combined with the photometer wave length sensitivity and

coating reflectance yields an absorptance close to the radiator panel solar

et B g

absorptance. The embossed coating is expected to have an initial solar
absorptivity of 0.08, and degrade to 0O.11 after 100 missions. Thus, the test

data are more representative of the end of life values and the reflected solar

s i

intensities on the initial flights should be approximately 4.5% greater than .
the test data. ' :

[ —

s A comparison of the smooth silver/Teflon coating data with the
i specular analysis at three different planes is shown in Figures 27 through

29. It is evident from these figures that the test data was not taken at

i,

close enough intervals to accurately obtain the peak solar reflections. For

example, at Z = 456 (Figure 28), a peak solar flux of 11.8 to 17.5 suns bccurs

e

between Y 143 and Y 147. Since test data was taken only at 1.0 inch intervals '
on the one tenth scale model (10 inches on the vehicle) this peak was missed
during the test. Due to the high concentration of flux in a small area, it

was not possible to obtain an average flux value from the relatively sparse

test data over the plane as was done for themembossed coating. The smooth

coating should have the same optical properties as the embossed coating and

the same absorptance to the xenon sun gun. Thus, the test data for the smooth 7
:

silver/Teflon can also be assumed to better represent end of 1life reflections

with the initial flight values estimated to be approximately 4.5% higher. It 51
should be noted that the fact that the smooth coating test data were not &
sufficient to obtain an accurate flux distribution does not compromise the .
test objective, i.e., to determine the one sun envelope. Sufficient data was zj

taken to determine the one sun boundary within a 10 inch Y axis location.

Throughout the test several test points were repeated after a review
of the data indicated possible discrepancies or that additional data were ;
required to complete the mapping. Table 1 summarizes the original and :
repeated data and the differences. The average difference in the readings was .
12.5%. Some of the difference can be attributed to model orientation, sun gun

output variation andbphotometer reading error. It is believed that most of

E the differences are due to differences in the target locations. During the o
§ test it was noticed that slight variations in the target Y position could - .
cause large variations in the photometer readings. However, by systematically 1
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varying the X, Y and 2 locations a complete flux map is obtained and the exact
location of specific flux-:values are hsuulyy not required. Most of the data
wvas taken with 1 inch intervals in the Y direction and 1 to 2 inch intervals
in the 2 direction with an estimated accuracy of + 1/4 inch. Specific X
locations were used; however, flux variation in the X direction does not

appear to be severe.

5.0 TEST RESULTS

Paragraphis 5.1 and 5.2 discuss the test results for the embossed and
smooth silver/Teflon coating respectively. The data is summarized by showing
the areas around the panels for which the reflected solar flux is equal to
one-sun or more. Specific flux values at each of the teasted X, Y and 2
locations and pitch and roll angles are presented in the Appendices. An index
to the data plo%s is presented at the beginning of each Appendix to aid the
user in finding the specific data of interest. All data is shown for the
right side panels as tested. The left side panels one-sun envelope will be
the same as the right side panels at corresponding roll angles. For example,
data for a 25° roll angle for the right side panels corresponds to a 335°
roll angle for the left side panels.

5.1 Embossed Goating Results

Solar flux reflected from the forward radiator panel coated with the
embossed silver/Teflon was measured for 30 different solar attitudes. Vehicle
pitch angles of 90°, 1150, 1400, and 165° were tested in combination
with vehicle roll angles of 0° 25° 50° 75° 90° 285° 310°,
and 3550. Sufficient data was obtained to provide a complete map of the
one-sun boundary at any vehicle attitude. For most vehicle attitudes, data
was taken at 4 locations along the X axis as illustrated by Figure 30. The
reflected flux is uniform along the X axis except as influenced by the double
contour at the forward end of the number 1 panel. The first X location is aft
of station 660 and provides data typical of the entire length of the radiator
panels except in the double contour area. The second location is in the
double contour area. Data was also taken at the forward edge of the panel
(location 3) and forward of the forward edge (location 4). Appendix A

" contains flux maps for each of the specific attitudes and X locations.
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Figure 31 summarizes the one-sun envelope for a pitch (9) of 900
and a roll (¢) of 0° at the four X locations in the Y-Z plame. As shown,
the double contour has the effect of reducing the one-sun envelope for the
90°’pitch attitude. Therefore, data was taken at only one X location (X =
722) for the other roll angles with a 90° pitch angle. Figure 32 shows the
deployed forward panels one-sun envelope for roll angles from 0° to 335°
with a 90° pitch angle. The aft panels ‘or stowed forward panels one-sun

envelope is shown in Figure 33.

Also of interest is the solar flux reflected out of the hinge-line
gap between the deployed radiator and the door. Figure 34 shows the maximum
flux observed in the gap area for roll angles of 80° to 110°. As
indicated, the gap solar flux is less than one sun. Therefore; gap solér
fluxes were not measured at other pitch angles. As previously discussed, the
modeling of the door as a smooth, continuous, silver/Teflon coated surface

should provide the maximum (worst case) gap solar fluxes.

The double contour on the forward panel has the effect of expanding
the one-sun envelope for a vehicle pitch of 115°. fThis is illustrated by
Figure 35 which shows the 0° roll angle envelope at four different X
locations. Figures 36 through 39 present the one-sun boundaries from data
taken at roll angles from Oo to 3350 at each of the X locations for the
deployed panel configuration. The aft panel or stowed forward panel envelopes

are shown in Figures 40 through 43.

one-sun envelope although the envelope forward of the radiators is increased.

Reflected solar fluxes of one-sun or more were measured only in the double

contour region and forward of the panels. Figure 44 shows the one-sun
envelope for four X locations and the specific roll angles. The stowed

forward panel configuration envelope is shown in Figure 45.

Figure 46 summarizes the one-sun envelope in the XZ plane for the

deployed forward panel configuration. The envelopes shown are the maximum -

7Z-axis envelope from the various roll angles. Thus Figure 46 reprssents the
maximum one-sun envelope for all roll angles. Figure 47 shows the one-sun

boundary for the stowed forward panel configuration.
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All of the previously discussed test aata was taken for a nose down
pitch direction (90° to 180°). The nose up pitch attitudes (0° to
90°) should yieid symmetric results except in the double contour area.
Figure 48 compares test data taken at pitch angles of 65° and 11_5o (25o
off normal in either direction) for a roll angle of 0° at X station 722, aft
of the double contour area. It is seen that the one-sun envelopes compare
very closely, with the differences attributed to the expected test data
repeatability inaccuracies. A comparison of data taken at pitch angles of
65 and 115° in the double contour area is shown on Figure 49. As
expected, the one-sun envelope is smaller for the 65° pitch angle. This
verifies that the maximum one-sun envelope in the double contour region occurs

in the tested nose down pitch attituie.
5.2 Smooth Coating Results

Solar flux reflected from the forward radiator panel coated with the
smooth (specular) silver/Teflon coating was measured for the following Orbiter

attitudes in relation to the sun:

1. pitch = 90°, roll = 0°
2. pitch = 90°, roll = 25°
3. pitech = 909, roll = 50°
4. pitch = 909, roll = 70°
5. pitch = 909, roll = 175°
6. pitech = 909, roll = 80°
7. pitch = 90°, roll = 90°
8. pitch = 903, roll = 1002
9. pitch = 90°, roll = 105

10. pitch = 900: roll = 310°
11. piteh = 90°, roll = 335°
12. pitch = 115°, roll =  0°
13.  piteh = 1159, roll = 335°

Appendix B contains flux maps for each of the specific attitudes and

X locations.

Figure 50 summarizes the one-sun envelope for the 90o pitch
attitude. Figure 51 shows the one-sun envelope for the aft panels or. the
forward panels not deployed. The test data indicates a reflected ome-sun
enviromment out to a maximum Z station of 588 inches with the Y station
ranging from 93 to 238 inches. Figure 50 alsc shows that the test data
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compares favorably with analyses done by Lockheed. The analyses apparently
had the radiator panel in a slightly different position than the test as shown
on Figu;e 50. Rotation of the analysis panel to the test position would tend
to make the analyses and test envelopes agree more closely except for the
“fingers” that extend beyond the analysis envelope at 310° and 335° roll
angles.

All of the data shown in Figure 50 were taken at station X = 7T719.5
inches. Data were also taken at various X locations for the 0° sun angle at
the maximum reflected solar point (2 = 496.5, Y = 111.9). These data are
presented in Table 2. They show that the maximum reflection begins +to
decrease (or the maximum point is moved to a different Y station) at about
midway between the double contour and the forward end of the panel. The one
sun envelope appears to extend beyond Z = 496.5 at X = 659.5 to 679.5 but is
not as large forward of X station 639.5. Again, this is attributed to the
double contour, It is expected that similar results would be obtained for

other sun angles.

Figure 52 shows the estimated 90o pitch one sun envelope in the
Orbiter ZX plane based on the complete mapping data taken at X station 719.5
and the data from Table 2.

The initial data for the "sun in cavity" test points indicated that
less than "one sun" was emitted from the hinge-line gap between the panel and
door. A one-sun enviromnment was obsenrved near the outboard edge of the panel
for roll angles of 100° and 105o (see Appendix B). These envelopes are
due to reflections from the panel convex side to the door and then out the

cavity plus the direct solar incident on the target.

In order to measure the environment closer to the panel-door gap, the
model was modified by cutting away part of the support structure (payload bay
sill) forward of X station 780. This allowed the photometer line-of-sight to
the target to be maintained with the target closer to the gap. Figure 53
shows the gap solar flux as a function of roll angle. For roll angles less
than approximately 830, the suﬁ illuminates the top of the panel, and the
gap flux is due to reflections from the top of the panel rather than
reflections through the cavity. The high reflected flux, shown on Figure 53,
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TABLE 2

VARIATION OF SOLAR REFLECTIONS ALONG THE X~AXIS, .
PITCH = 0° , ROLL = 0° ' ORIGINAL PAGE 1e

OF POOR QUALITY

MAXIMUN OBSERVED SOLAR REFLECTION ONE SUN ENVELOPE
(Z = 446.5 , Y = 153%.15) (Z = 496.5 , Y = 111.9)
X-AXIS SUNS SUNS
T719.5 T.36 «99
699.5 - «95
679.5 - 1.03
659.5 7.52 1.30
649.5 Te52 -

639.5 8.00 .78
629.5 8.00 -
62405 70 28 -
619.5 T.20 «50
609.5 6.24 -
599.5 5.28 -
58905 2.88 -
5795 <34 ' -

DOUBLE CONTOUR

660.0
757.89 (FWD PNL) 940.25
) 759.39
X = 589.211 (MID AFT
PANEL)

586.035
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at the forward erd of the panel (X = 605) is attributed to the panel double

contour in that area.

Figure 54 shows the one sun envelope at various X stations for the
115° pitch, 0° ‘roil attitude. The double contou; on the forward panel
reflects the sun outward and towards the aft end‘of the Orbiter in this
attitude. Thus the one sun envelope tends to shrink towards the forward edge
of the panel and is considerably diminished beyond the panel forward edge.

Figure 55 presents the one sun envelope data for the 115o pitch,
335" roll attitude. In this attitude the double contour of the forward

panel reflects the sun forward so that the one-sun envelope extends to at

(o]

least X station 490 or about 100 inches beyond the forward panel edge.

Figure 56 shows the one sun envelope in the ZX plane derived from the
data for pitch = 115°, roll = 0° and 25°.

6.0 CONCLUSIONS

Test data has been obtained to define the reflected one-sun
boundaries for the radiator panels coated with the embossed silver/Teflon.
Limited data was also obtained for the panels coated with the smooth zilver/
Teflon. The embossed coating significantly reduces the reflected solar
environment. The maximum observed solar concentration for the = embossed
coating was 2 suns, whereas the smooth coating yielded a maximum of 8 suns.
Figure 57 compares the one sun envelope of the two coatings for a 90o pitch
attitude. As indicated the one-sun boundary is reduced considerably with the

embossed coating.

The test equipment and procedures appear +to provide reasonable
accuracy; a rigorous error enalysis has not been done. Location of the target
in the three axes is the most probable source of error. Model orientation,
sun gun output variation and photometer reading errors are expected to have a
smaller contribution to the error. For much of the data the flux was found to
vary considerably with target position and precise target location is required
for repeatability. However, by systematically wvarying the X, Y and 72
locations a complete flux map is obtained and the exact location of specific

flux values are usually not required. Most of the data was taken at 1 inch

15




intervals in the Y direction, 2 inch intervals in the Z direction and 1 to 2
inch intervals in the X direction with an estimated accuracy of :_1/4 inch.
Thus in full scale, flux values are known every 10 to 20 inches within + 2.5
inches. Mission planning and analyses efforts at specific locations should

use the maximum flux values withiq a 2.5 inch radius of the desired location.

It is recommended that additional testing be done to completely
define the reflected solar environment around the radiators. The present test
program was concerned only with determining the reflected onre-sun envelope
around the radiators. However, less than one-sun environments can have
significant thermal impacts particularly if the spacecraft is not designed for
solar from two directions. For example, the shadeside of a solar oriented
satellite with an /€ = 1.0 would reach an equilibrium temperature of
180°F in a 0.25 sun enviromment with an earth-space equivalent radiation
sink temperature of -20°F. Analysis of the radiator embossed coating solar
reflections is difficult and has not been accomplished to date. The embossing
pattern re-directs a portion of the specular reflections due to the
orientation of the embossing facets. On the curved radiator surface the facet
orientations relative to the incident solar is not constant which complicates
the analysis procedure. The room ambient test method established herein
provides the most direct and cost effective method of determining the needed

panel solar reflection data.
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FIGURE 5b EMBOSSING TOOL PATTERN FOR TEFLON FILM
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(a) Rotate © in the X-Z plane, originating at the (b) Rotate @ ciockwise around the +X axis parailel
+X axis. to the Y- axis.

-X

LOS to sun
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(c) The location of Sun with respect to the Orbiter.

FIGURE T STEPS TO DETERMINE LOCATION OF TH< SUN WITH RESPECT TO THE ORBITER
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FIGURE 55

SMOOTH COATING ONE SUN ENVELOPE - PITCH = 1150, ROLL = 335°

X = 540
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APPENDIX A

EMBOSSED SILVER/TEFLON TEST DATA

(See Page A-2 for Index to Data Plots)
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SMOOTH SILVER/TEFLON TEST DATA

(See Page B-2 for Index to Data Plots)
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TABLE B-1 INDEX TO PAGE NUMBERS FOR
SMOOTH SILVER/TEFLON

TEST DATA PLOTS

ORIGINAL PAQE 18
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X AXIS LOCATION

Pitch Roll Aft of Double Double Fwd Edge Fuwd of
Angle Angle Contour Contour Area of Panel Fwd Edge
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75 B-7
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100 B-=13
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B-2

SRR
3

sy

P

lpﬁ%ﬁ?
[Ty ]

Aeppredd

| SRS 1

Lot |

:z:::x:::}
P

L

M.

Wi
4 g

e ,
beccigmrnad

ety
. j
K oerstgrim s

 acah



g

SIXY-X
oyz 0zz 00z 08T 09T Oyl 0zT "00T 08 09 Ov 02 O
R gz ot _e K | 9% B oM F
100%
Mo~¢
,
-0 !
- ovY
. -2 ;
<09y
A <08y
2 -9
W =009
o< - ,
<> ﬂ
o O -9 i
.2 =02S
Mw - V] - i
e SISATUNY -0T !
B G*6TL = X 40¥S
. ﬁ ,06 = HOLId i
& 0 = TIOd A “et 109¢
5 3 108s
e
NOS
SIINSTY LSAL ONISNO0d ¥YTIOS

SIXV=2Z

PR |

- 'B=3

e



S—

PR N R B v B wicrdl S SRS SO Wi SR — T Comn e
SIXY-X
09z Opz 0Zz 00z 08T 09T OpT 02T o00Or 08 09 OF% 0z O
22 w2 92 82 of 2¢ e % | 8E o%
' . i ) . £ : [} 1 (]
] — . 00
82 \
o 0
“ \ Auu.r :s., Y 4
4’ 2 fl/lr a%s
Nm W e S S -0
m ., 8L0°, %, %@ =g s 4 0¥¥
) - L ] 2 [ ] ™ L)
w hu ollo\\/muo ru-.\ . (Y FA
- 210 3% 18 he 2l bB° 4 09%
kK Jo08y
78 I4ES 7 NENVL ¥IVA ~ 777
.7 z8 SOV § NIMIVL VIvVd 9
4008
8 Jozs
ot 10%S
G°6TL = X
H -~
TTONY HOLId 06 et J4o9s
TTONY TT0¥ ST
086G

SIINSTI ISIL ONISNDO0I ¥VIO0S

e
ook

SIXY-2

B-k




SIXY-X
0bz 02z 00Z 08T 09T OYT 0ZT 00T 08 09

13
TY.

shae sty
T- . “ORGWAY PAGE
OF POOR QUAL

i v

% KM, 9 8 0 -2 nE 9 ge  on

- G6°./e
uich wﬂ“@\podb.mm.ow.:ow
. o\ o o e o o o

S'6TL = X
HOLId 06
FTONY TTO¥ 06

SIINSA LSIL ONISNO0d WYIO0S

RN RN - Wt . St e PR L S— L. - [ . [ B b et Porcmmmmeoni22t

3T

L Ftmyergs

ooV

ozy

ovdy

09¢%

08y

00s

0zs

0%s

09s

08s

SIXY-2

B-5




- o ——

. tw

=y

- K e e e Y R Tt "
= — S e it a5 o IO e L ’
P s [ . . .
> * § s o ; : - [ o R R o .
R a3 s M- [ESE e . A [ tz m U . m l

STHONI - SIXY X ¥ALIHO .

08z 09z o0pz 0Zz 00z 08T GIT OyT 0OZT 00T 08 09 -0y 0Z O

) STHONI - SIXY X TAOW |
8T, 0z 2z, bz 9T 82 0f T, WE , 9E  BE , Oy . TY |
L | . - 00
. SRR 2d0TAANT L
- QVOTAYd

To 1°N¢

v oa

SIXVY Z ¥3LIdy0

wm QUAan~« .- .
2

»
8
-
m

SIXY 2 TIAOW

STHONI -

STHONI =~

N
«
- * - . - -
H 1 s .
. ! .
: S -~
. : o L - : A - 09
: . . 9
N 1 »
s : . I
: H : ) B g
i - ' .
+ » ¥
. H . i
: . . [ 9 "0
.
: _ m 1 8s
.
¢ H
. + b
. B * ‘
- 4 Pl
.o .
L] ~ b 4 :
* . -
N . . * .
’ . . : - . * 1
- ‘. LR oY wre i wiamscbmyely Reer A v 8 e w R e iR oA = R b bkt it st W s e 1 bt Mvd b ) A 4tk et Ao bovimpmnt B ¢ W a0 e w |
)
. !
i
- i



SEHONI - SIXY X YILIENO
, 08z 09z Ovz o0zz 00z 08T o091

SEHONI - SIXV X TIAOW
N(H. A °N A ﬂN 4 ‘“ O-N i mN 4 o-m 1 N-m i v-m L m.m L mm L ov

2 A

O%T 02T 00T 08 09 v 0z : 0

- 00V

LB
ALITY

R QU

of POO

-

. @d0TaANT :
" avOTAVd

PAGR

0 tozy

S e
.

AL

kA4 - ovb

" 0ZS

m (@]
mW | | %
- H . o
H N s : ' ; - L —
m . . “ $ ’ R . o ; ) »® n..nw
“ b4 - . M - w.rr e . .1....Ax w s . N .- umN . o v w lowv 8 .
: v : ) o .o : ! N ! i nav &N :
; . . an .. - ' ' : “ H . h ' m 3 o M
L oin §°299 = X o S v: = 9 L [08Y x N
¢ .wt. e ’ . v N H = | e ) » Q
! H..I a.. OMM. = TIOH: ., . N ; M i , .w.; ah VVN a—b
A 006 = HOIId P T ; A : : | 8 H [00S
I \ i i L H h : n ]
o, C - . . : ) g - =
. ¢ . ; . ! I m
X . ) (]
2 /7]
0
e}
o
7]

-
L

1 . ¢ ¢ v : )
! . : K - » o - L . i
' s i ZT ovs S
B A N N H R m
- . R H : - 5 - 2 i
B . . i
‘ : ! b o ]
. : e . . N VT T 099
: ; P s ' T - .
i | : ! N R
. * . . . i
. ; e 3 o R
o . . SRR 9T 08S
ux + . IS - vu ¥ ) ° : ° . : p N
“ ‘ + H
N t
. -
¢ * L - M
[3 ‘.
- e P “~ G mw el di e ey e adh e il % —ila —— e vt s A e i e by bhee mm s s e v
.

o e B < a [ a B I3 & ...0n g 13 oLl



il el s B o promm oo e
SHHONI - SIXVY X YILIGIO . .
. 082 09z 0¥z 0Zz 00z 08T 09T OyT 0ZT 00T 08 09 Oy 0Z O
: SEHONI - SIXY X TIAOW :
maﬂ A °-NL| NN Fy NN A m-N - mw i c—m B th 1 q—n 1 m—m S m-m i pq 3 qu -
X oL, N . [ 00V
v L \ : ' 3JOTIAANT -
: : i avoTAvd
wm, e Co “ To F 0z i
L . ] b
MA ' . - .t + . b L
S B IRt . "z fow B
. , . w
um . - . : . = . s e
' ' o : : . I i
m.. . E . . ) .‘ ‘.. . . - e » . O: ¢ m fcmv 0
-1 €299 =X ot .o ; : . i ot & ,ﬁ
: ‘ _n . R N Lo cio~_to Slosy ® 0%
L A P S S TS S N A o R
: 006 = HOIId = A S 3 ” o | m :
. P IR : . e 8 H [00S
. N 3 3 1 3 N N w0 (]
: T P v b . . i v T m
. ' x... - “ - .M L L s M - . ' F S o]
TS “ 0T p [0ZS |
. . ‘. L o D = w
P TN A S =
: . _ ,., : n...:.aw. ...:.m.,........w o - , , ﬁNsﬂ w0 1°¢m H
. L es e . e .H- _H. \....w,.v. ..“ - Lo “. . - v, L ﬁ qﬂ 1°®m. N
O T T SR | L
U P S T R B :
m T R S Ce [ 9T . [os8sS
: Pl o o .o s _



.

P

AGE 1S~
jQUﬂ&fr!ff“

 ORIGINAL
" OF POOR

on e et

oV

- 097

- 08Y

- 006G

r 0ZS

" 0vS

+09s

| 08S

SIHONI =~ SIXV X ¥YHLIGEO .
. 08Z 09z 0vz 0zz 002 08T 09T OpT 02T 00T 08 09 Ov 0z O
S3HONI =~ SIXV¥ X TIAOW
mthr; O-N[ A “N oy v-N .- MN L mN [ olm 'y N-m ' v-m 1 @-m A m.m i OPQ [ N-v
. o . L M ” Jd0TIANA
RN . ! avoTAvYd
A o
SR SRIE RN ER R .
H M m‘ ¥ “ ._ st H L?
A z
w . - * R . : .. . v m
: ' R 5]
’ . FSOREE B . m
“ l” oy . : . “. M . m ., \ . ~
: I noer o : ) ~ ?
B ! EPUUE A S I N | z
R S : . D 8 @
P 4 N Lo R
bl : 3 Pl !
e Lo Sy e R ¥ . B ¢
S PRI B oL v g
v s R . 0
< N s I S P i : . <]
) Ceme v : : . b
RV B . 2T @
) . T
. ! . . ". .m i + “ : P «
L B A R vT
. N “ _ ‘ 9T
S ” : J ¥ N : ! m e

SIXVY Z Ydd1Idg¥0

SJHONI

i et A ad

B-9

e Bk et o




ey

R

,. _ sl e B RSB e B = =T el e S o B e S == T = T - O
) |
i
STHONI - SIXV X YIIIEIO .
o \.omu 09z 0pz 0ZZ 00z 08T 09T 0yT 0TT 00T 08 09 gy 0z 0
SEHONI - SIXY X THAOW X
md 2 °|N a NN A ’N b}MN 'y mN 1 Q.m A N-m A vpm [l w. m i m-m i c-q [} va -
: \ . - 00V
i coo 9d0TIANT .
' : . oo " QYOTAvd .
“ m “ . “ " . m . o o > ON q , [
Mw,n - : ARNUU ! |
“va.q,.. T Co IR kA Aa4
“m : i ) e [ i ;
e . . P : . R’ - 09Y

$°229

"
>

SIXVY 2 ¥dLIdy0
B=10

SIXY Z TIAOW

S L U S S i ;
v Q06 = TIOH, T L . S : ” m )
. . N B T SRR N VR B . S - g L 006 ' 4
OOQ IHHUH.H&. . . : . ' | m A : ~ n ' [}
o Lo ST CE I T P : : ! =
v w... « : ' m. : * “ e R - ! -.Dr
- A i ! Thad i . oo - 0T w [ 028
' : v ; 1 . =z 0n
: P h 3 Q F :
! v . .m., L . \ H s ﬂuuuu i
" : D0 ST T | : -
\ . i o A . ZT w [OPS
. . . 1 .. b . PN ' i 4 !
2 e H g 1 . : . ¥ . «
I ! oot “
i R EEE S oyt [ 09 -
' P tod i ¥ : v 2 .
¢ : i : i i . H .
* . 1 i ' . R m | L
oL . L . 91 08S :
, “ : o :
. * H . . . H
. : . ' 1 .



“ORIGINAL PAGE 19

-

-

S

SIHONI = SIXVY X YILIWO

--OF ‘POOR QUALITY -

. 08z 09z 0¥z 0Zz 00Z 0BT .09T OyT 0ZT 00T 08 09 Oy 0Z -0
STHONI - SIXV A TIAOW A
8T L 0z 3qz  ve 9 L8z  Of L ¢t A wE L 9¢€ L 8E b6 OV TV i
. ” - 00V
3 L : : @d0TAANT -
o GYOTAVd
i Pt ! ) : 0 A 4
i codn i ; H : : ! o
H Cir oy P P S8 ¢ A
' - ; . .. .y M . . - o S -
. ‘ : X b A D <
H v “ . ' nﬂnu“ 3 3
Lo : T o "F Logy X
| L _ . H ~ 1 o
) o | ' . _ % ..
AT bt : bt 8. H [00S
R ! e ; ; 0 s
R ; I R v f m
. ‘ .1 m . . " : whe
“ | S w gt a
. ‘ ' . . : Q ¢
T Ll : &
. , } . . .._ -..mll iwi - .Nﬁ S e cvmr
I ._ A
.w : P P T _ [
R AR S A . ¥T 095
m IR M M T i
¢ . . ; } Py . ’ 1l i "
o R A g . . 91 08S
Gt “ I e N 3 e e it L — —— .

~B«ll



simnttisemy

3 - . P R e o o . o s ]
pos - RSP o PR et e [ ot U $h AR o ‘mdd
& - = Bt e Kssatiaastis 3 msi, e ] - el m H . : : vu 4 & ™ oy Vil 1
Lretsesied TR A Lk TR PR, S nizie ok gyl HRTERN L v _hal

SIHONI = SIXY X HILINO

- : .cm.N .om.N  0yZ 0zZZz 002 08T 09T OF%T .. 0zT 00T 08 09 )4 0c 0

o SEHONI ~ SIXV X TAAOW .
mﬁ .- O-N A ﬂN A NN ‘- @-N A mN X onm i N-n A v»n "l wnm A m-m ' OFQ 3. va -
Bm. : : ; - 00%
Cwmg . Lo , : FAOTIANE !
U mm L avoTRYd ozt
. —
Q. oo : ! A
s H '
5 . . . . \ . : i . | o
Mm - jo e ; . oL ogg (4 RUA
] . . 3 : ! ' er]
¢ i . P m H I h - o L
H mw‘ ) . . ” ¥ m . ty ! n
L SRR o : ; . -y = Fo9y W
oo b . SR S ; ! S L
S co o H - o } ) !
: Co : - >
: Do : . : "9 - 08p b |
d g . ™ H
: . 4 . s » « ~ b w |
| w w ‘ . . & \
{ ° B - n" " 1 - R - =
Lo _ N ‘ P - CF m
i : : P : ; .
. - ; : Bl S " 0T = [0ZS 9
i \ i ' . <z wn
} HE . - O}
S T Lo =
o Loy e v ' [ 2T ©» [ 0¥S
SEIR RN PR | -
" “ : _ H
- R RN PEE . : BT - 096
N M ; ) P e
; C g : _ . C 91 " 08S




>y

- k5 i by R - - AR A i T TR T T T e

ee L sl .
[ . - B N . - . - N - N e - oimm .
H " o . i t - . - ; .
1 U S SR RS et e e Ty e el R e e pome e
" ) . 2 . : . o i : . . . ’ - . .
¢ : ) N . 1 ' * - . . ‘ , - L .
i : ' . . . -
{ - H
i o .. . .. SHHONI - SIX¥-X L : , R
. o~ . . o e e e e T e et Co e -
g . y H y I : . i oo ! R oh oz > - v
: L CFe  eat Al OMN s N ofe ooz o oy ol | om o @ y @ ¢ 5 . . .
I * | e |  § 1 L] 1 ¥ L SRR | 1 L] ] T ) T L Y ) 1 _ L] T . 4 N m T P T v ] L § L5 [ SR . "
[T T T 2 ) JRN Y R U JUNE SR JRNNEY N NS ST RN JE SN R SN T | . Tl
P LM e9T 1T a1 o % 9 L3 B g 0f e 2Esfobge 5§t Al Mt w0 T T I ,
. . ] e . . . . . : R t iy ) . : . i
. . : e " 1 - “ M ey 1 - . . . B . . . . M
R N VR U UUS Do e e opentill! . 4 oon "
i Ry L . ) et . v .
N .t e . ' t [ . . P . ' - N : m, . . : ] )
T ST RI i b R : o
. . .t w - . .¢ ~u. e - . . 4 Oﬂ* N B .
R SRETRE ) . . : o . “ P .
: o . .- ) ! . : L s
] Lt i . & : <+ N X G-
Coe oandy - ¢
‘ - 3dOTIANT NANS INO ; i, : -
Lo . . - Vv : 4 opy U0 .
.._1, e s H : . + 1 N
. o — N - - . . I S -
.o P . . . T e e e e L - -
ut . . : .- et RIS - I G
IR S T A . s - A‘f w L J e, SRS Ui H : Q .l-— .
: h i . ' . : N ' i : : 0 e
Ll eSO L S-S S P FUR. SIS Tt . R TN - BENE
] + . N .
. -l M . i PR IR - >
_.m“mﬂ ! AP OR. ! Y ; . g
I - = I -l ) i LTRSS & ) et
i Vi e DR “ - N : : . )
o : L 19 ; .
- e > 1 AP NONGRA IICENRUE G 7 S o
: A”ﬂ" R (e h T I oo AP '
T L i b T R 1oadea .
oEm et L ! K AR PaniiIl 4= AT o .
8 S o 2 - T 1 . :
C ; Lt :
R W Lot 1. N - QG . ) "
°o s i | SR
: : ey s b P o o
iy $ * ‘ ' . u. . & - -
. cE L emaege . Lo . A o oL .
i H . .....” ve aelaal H B Pe e . . i H S ; - . . ;
T . U PURRRE SR SRS S SNV SUUUCIPES S PRPPI T AR . Wy e ek R SRR
. : ~ . ' R ! . : i i : : . \ t
. T : . : - ' . i ; . . . .
L . . o . uw. age it e . B [ ' -1 tee : :
. ‘ - AT (PO . -t et $ . .
ST A TSI U STINS SUDRSCUUEY SUDE S SN TR URRNS S ECHELLUSEE S S S ST PR SIS ) . Ll

7°¢89 ~ §°LZL =X
) 000T = TIOH - ALIAYD NI NOS
| SI'INSdY ISIL ONISAD04 ¥¥Ios . . , .

- am pepa— «f » . - e . o e s e e Lo PR (. wpesws s pen y N . . . . .. .
LISt Abent o201 12 30 SELEE ML SRR NP P e sy e LT T LR T PO B T
! | ISR RO : ' NSNS EEES R SR L T TS X T Doyt ;o ! -
X i Co el 3 : . el 1 A ey e P, X S . L PO i . . .
. . PO T .. '
' . . ~ . . N Y. . i . .
M . i . t . L
: . .
+ . ¢
. B . [ 1 ¢ I H Lo ! ‘ .o e B
. .. . . . . i v - A : .
¢ > ot t ' ) ' ¢ * ‘ ‘
: . . . . . ) \ ’ . .
. . .. " . P .- .. el e e . N
3
. . . N : e I B oot : v
PRSI [ JoRRS—. e - e e e cem Ps——— I PO [ [P——— Rt o 3 e i




‘ - ., - - - - v b
TG o o | Q
.1 t L] 1 =t T T T T T
. 4 oop
. . : .. v .. ” . . e . . , . A ,. ) ,q.. 1 a: —z
. : : : . o 1 ] :
.. A R
s m i i %h » oo
ST S B & 1.
' ! H .
R ot oth 2 :
N ' o)
V : bl -
RE R L 3
-l . o
Y . 1"
Pw. . - , ] : :
- - “Rl - . - N -t 1
Ve S I FETR - . .
T . ” BT Lo .. ,.. I s O D - : . “
. o ; o o : RS '
Gg'299 = X
Omo.ﬂ = TT08 - ALIAYD NI NOS
SIINSAY ILSIAL ONISNOO0d ¥VIOS e




.

. o - SIXV-X

A 08Z 092 Opyz 02z 00Z OST 09T O®T 0ZT 00T 08 09 or o0z O
: ZZ vz 9¢ 8 0f 2¢ ¥E 9¢ 8¢ (1} ‘
] ¢ ] ' i ' i ] 1 i ¢ 1 1 [} [} (| i [} i
1 00¥%
L 1 ozw B
:ﬁ. "0 . ory _
‘ &b Y300 ]
s [ ] , [ J ' ) . -
em ,
s hote f1 se | bor . 1 o9y
P Q M,. mb._ ™Y - —-Qn
..AL o ¢ 0f e , i ]
2 m so-, J£0° . 08F 4o
o4 . . ! 3
w..r " ¢ -9 5 3
o e ) 1008 o ,
£57, '
. : v . , -8
8¢ . _ 7 029
s | ) - 0T j
3 . ) (132
) : . - 2T .
S°6TL =X _ 1 09§ :
; . o06 = HOLIQ < BT . !
- sz T T
d SITNSEY ISAL ONISNIOd IVIOS o
‘o ﬁa,‘h e )

—— vttt P i [S— [ Ll [ PR o mie [R— e e Veertmtimant e SR —




%

»tﬁl

" ORIGINAL PAGE 18

SIINST LSIL ONISND0Jd YVY'IOS
- . » )
..

a

— ISP O S U S s S wnmnt S oot
SIXV-%
0¥z 0zZ 00Z 08T 09T OVT 0ZT 00T 08 09 Oy  0Z
ZTZ vz 9z 8 OE zE ¥E 9¢ 8¢ Oy i j
. * . . . + e N [ . s . ¥ ¥ ) [] i
mw ooy
a4
M
(ed L 0z
0 .
.0. : ) - .
g . 0 vy
. .
o € 09y
L v 08¥
s ¥ 005
S6TL = X 5 oze
o06 = HOLId -
O0T€.= TT0W
o . .wﬁ 0vs
. . - 1 09¢
RA 08¢

009

SIXV-2

B-16



0¥z 0zz 00z 08T

SIXVY-X

IGINAL PAGE 1S
OF POOR QUALITY

e’

g e CREORE g e

SITINSIY LSIL

09T O%T 0ZT 00T 08 09

8 o

‘¢ ’ 3

e n

S*6TL =
06 =
oSEE =

ONISNDO0d Y¥¥'I0S

ooV
ocv
ovv
ouc,
osvy
00s
0zs
ovs

09¢

- 08S

G LRGN s e

AN

SIXY~-2
B-1T




CSHLAR FocUSING TEST RESWLTS

" goLL = ©°

PITCH = 11s5°
¥z 190

/

ORIGINAL PAGE 1S

////é/7////ﬁ

[/ ) // //7
/1

17177

(ste B-1q)

X< 640"

al

- sAxV 2

B=18

Mg

g

gl:‘m:::m:.x

O L

foy




SoLAR FoeuS|ING TEST REsSULTS

. Q
\n

® -

o~ o
N O

“3\9

jt »

g & *

P

‘omsmhi. PAGE IS

OF POOR QUALITY

R e

240

‘Ni- Sy 2

. B-19




T R N A g™ G R AT e e,
5

R © ORIGINAL PAGE IS

SOLAR FocusiNgG TesT_ RESULTS

Y
2
0“,3
“3‘.
3E .
%o %

777777 771777 T 1T
777772 11"
(777777777 7777777 %7777,
777 7777

//;/////// /// / - -- 7 I"' . . .f'.hl'..:',! S = i”l
///////_/7?f;1 —ES
(77777777 A
777777722 T

- /' fa 7 1‘ -
7 o % / / / ’ e /[". ;
e AW 8 b sfomarcd Lo G e _— ~” . 8
2 - ! o T ; —
2 N X ) e & . 7 w 7 r"/ ok o/ J
2 ‘o, L L / v
Y ¥ ) ¥ " T M | L
0
o

S80 -
YY)
540
520 -
Sovo #‘
43D

B-20




115 Pap

T Ty

‘ !.‘ PR

ORIGINAL PAGE IS

BEFTY odvad
‘;m!ooa QUALITY

L
0°
tse

P
]
“;m
4y
< - ¥
© = 5
<

S0LAR FOCUSING TEST RESULTS

;%%//%/": ;f/“? f m, :

ﬂk///ﬁé//4__f L/ 3

STTTT ] s L
7777777 A S ‘\

- Iz
-
o
. (=}
ey
[ ]

) ' / / / :D’.* E’./
ST TR T
[T 7T T T
(777777 7T E T 7T

P -

/3 S _ ',
/ 4 N PR
L 4 2 4 4 4 4 8fls et riean d '] R ]
S S e
J A, / L
M ] 1 | ¥ L] 1 L] L ] ) L]

o o 2] fa 0 o
o - & 3 , 0 o o o 4 2
W i 0 woo O % 3 3 & < ©
Ni- Sy Z
B=21




SOLAR FOCUSING TEST R¥3.u7g

L]

\n
0 e
on\
b‘:
S NV
3t
a o

//////////////////7//@

[/ )]/

////////[/Tél

[/ )/
/

///C////////

//////’é/_

[/ [/ /

177 [ g
Iﬂ//[/ﬁﬂﬁ/ { s
[ :
§ ﬁ ,}2, a ' 3) % § s §- < 5‘

‘NI- SiAy 2

B-22

£ R
. -»—w—:«],.

] Y e FmEREY e

e




- -

a , ‘ORIGINAL PAGE IS
3 . OF POOR QUALITY
k ) '1

23

U ?h °\n v

2 mZ 8

™

§'* W :—. ~

w ﬂ g ]

R el

3 '

© .

w “

| ////// ///7////“7//7
! 4%é///////
i/7/////g/}/////// //ﬂ
ST T T T T AA
f////// 3/ Y/ j
///////“/5 '

ST/ 1.
Vs b i e B i O

(o] o Pa)
@ - b 3 . o [} o
S S -

Ni- Sy 2

B-23



a3
N
N\
3 !
. b i
T
RSN
S OINF w
PN »
//N ™
| N e - aap
SN TN T i
“m /l// 1 H.* * e H o
v BN ‘¢
<3 NN b
M.. NN T ovr
m //////.w/m/‘ 33
N /,/ I 4o 094
w /// AN /1 o
,_ RYERY N B S £
////// ; ~d 3
, N 1 agy
////H//x T
U///// BT e
VAN SR
NN LT
S'299 =y //./,.d/. ovs
oS\l =W3a1 g //7
oSEE = May . NN
“RINsSez 158 PNMISYI> 79 uy0S //HW/ y
///“7- 08s
N




prova——

T PSS S
o S AN 4 )

SbLAR FocusInN & TEST DATA

RoLL= 33S5°

O\ Te = \\8°

x = £40

ORIGINAL PAGE IS
OF POOR QUALITY

B-25



-
T TELTT  ETIIE L G U R e

SoLAR. FocUSING TEST RESALTS |

RoLL = 338°

pite= Ws®
X= $40

P
omn\NA\. QUAL\TV

of POOR

AGE 19

///// /777777 F) [ [T
7 ///

/[
o
~

2

/

777 ///‘f&f/

lDo

 B=26

J 11777 7?77 ]]"

ot =

e

et

& )
¥




OF.POOR QUALITY

ORIGINAL PAGE IS

Y

T IEE L <

[ad
o)
(x4l

=1°R v “

o

CE
I ¥
i

4

ave

G 94

NI - Sixy

agy

B-27

Q0S5 ‘

QbP =X , L \os s
. 3 =
oS\ = Ha114 : S~ “.,.r/.
: .SE% =170 Nt
51153 1534 INIEND0d BYI0S S




	GeneralDisclaimer.pdf
	1983011757.pdf
	0004A01.pdf
	0004A02.pdf
	0004A03.pdf
	0004A04.pdf
	0004A05.pdf
	0004A06.pdf
	0004A07.pdf
	0004A08.pdf
	0004A09.pdf
	0004A10.pdf
	0004A11.pdf
	0004A12.pdf
	0004A13.pdf
	0004B01.pdf
	0004B02.pdf
	0004B03.pdf
	0004B04.pdf
	0004B05.pdf
	0004B06.pdf
	0004B07.pdf
	0004B08.pdf
	0004B09.pdf
	0004B10.pdf
	0004B11.pdf
	0004B12.pdf
	0004B13.pdf
	0004B14.pdf
	0004C01.pdf
	0004C02.pdf
	0004C03.pdf
	0004C04.pdf
	0004C05.pdf
	0004C06.pdf
	0004C07.pdf
	0004C08.pdf
	0004C09.pdf
	0004C10.pdf
	0004C11.pdf
	0004C12.pdf
	0004C13.pdf
	0004C14.pdf
	0004D01.pdf
	0004D02.pdf
	0004D03.pdf
	0004D04.pdf
	0004D05.pdf
	0004D06.pdf
	0004D07.pdf
	0004D08.pdf
	0004D09.pdf
	0004D10.pdf
	0004D11.pdf
	0004D12.pdf
	0004D13.pdf
	0004D14.pdf
	0004E01.pdf
	0004E02.pdf
	0004E03.pdf
	0004E04.pdf
	0004E05.pdf
	0004E06.pdf
	0004E07.pdf
	0004E08.pdf
	0004E09.pdf
	0004E10.pdf
	0004E11.pdf
	0004E12.pdf
	0004E13.pdf
	0004E14.pdf
	0004F01.pdf
	0004F02.pdf
	0004F03.pdf
	0004F04.pdf
	0004F05.pdf
	0004F06.pdf
	0004F07.pdf
	0004F08.pdf
	0004F09.pdf
	0004F10.pdf
	0004F11.pdf
	0004F12.pdf
	0004F13.pdf
	0004F14.pdf
	0004G01.pdf
	0004G02.pdf
	0004G03.pdf
	0004G04.pdf
	0004G05.pdf
	0004G06.pdf
	0004G07.pdf
	0004G08.pdf
	0004G09.pdf
	0004G10.pdf
	0004G11.pdf
	0004G12.pdf
	0004G13.pdf
	0004G14.pdf
	0005A02.pdf
	0005A03.pdf
	0005A04.pdf
	0005A05.pdf
	0005A06.pdf
	0005A07.pdf
	0005A08.pdf
	0005A09.pdf
	0005A10.pdf
	0005A11.pdf
	0005A12.pdf
	0005A13.pdf
	0005A14.pdf
	0005B01.pdf
	0005B02.pdf
	0005B03.pdf
	0005B04.pdf
	0005B05.pdf
	0005B06.pdf
	0005B07.pdf
	0005B08.pdf
	0005B09.pdf
	0005B10.pdf
	0005B11.pdf
	0005B12.pdf
	0005B13.pdf
	0005B14.pdf
	0005C01.pdf
	0005C02.pdf
	0005C03.pdf
	0005C04.pdf
	0005C05.pdf
	0005C06.pdf
	0005C07.pdf
	0005C08.pdf
	0005C09.pdf
	0005C10.pdf
	0005C11.pdf
	0005C12.pdf
	0005C13.pdf
	0005C14.pdf
	0005D01.pdf
	0005D02.pdf
	0005D03.pdf
	0005D04.pdf
	0005D05.pdf
	0005D06.pdf
	0005D07.pdf
	0005D08.pdf
	0005D09.pdf
	0005D10.pdf
	0005D11.pdf
	0005D12.pdf
	0005D13.pdf
	0005D14.pdf
	0005E01.pdf
	0005E02.pdf
	0005E03.pdf
	0005E04.pdf
	0005E05.pdf
	0005E06.pdf
	0005E07.pdf
	0005E08.pdf
	0005E09.pdf
	0005E10.pdf
	0005E11.pdf
	0005E12.pdf
	0005E13.pdf
	0005E14.pdf
	0005F01.pdf
	0005F02.pdf
	0005F03.pdf
	0005F04.pdf
	0005F05.pdf
	0005F06.pdf
	0005F07.pdf
	0005F08.pdf
	0005F09.pdf
	0005F10.pdf
	0005F11.pdf
	0005F12.pdf
	0005F13.pdf
	0005F14.pdf
	0005G01.pdf
	0005G02.pdf
	0005G03.pdf
	0005G04.pdf
	0005G05.pdf
	0005G06.pdf
	0005G07.pdf
	0005G08.pdf
	0005G09.pdf
	0005G10.pdf
	0005G11.pdf
	0005G12.pdf
	0005G13.pdf
	0005G14.pdf
	0006A02.pdf
	0006A03.pdf
	0006A04.pdf
	0006A05.pdf
	0006A06.pdf
	0006A07.pdf


