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DESIGN OF THE NASA LIGHTWEIGHT INFLATABLE SATELLITES 

FOR OHE DETERMINATION OF ATMOSPHERIC DENSITY 

AT EXTREME ALTITUDES 

By Claude W. Coffee, Jr., Walter E. Bressette, and 
Gerald M. Keating 

SUMMARY 

A design study has been made of the characteristics of Inflatable 
spheres for use as satellites for determining atmospheric density.  The 
spheres could be fabricated from lightweight material, compactly folded, 
and Inflated to give a large frontal area.  The temperature of the 
Inflatable sphere while In a sunlight orbit could be controlled by 
coating the outside surface of the sphere. A 12-foot-diameter Inflatable 
sphere was successfully Injected Into orbit and named Explorer IX (l96l 
Delta l).  The Inflatable satellite Is optically visible and appears to 
reflect more like a specular sphere than a diffused sphere. Radar 
sightings of the satellite have Indicated that the 12-foot-dlameter sat- 
ellite is fully inflated. 

INTRODUCTION 

In order to make accurate predictions of orbital motions and life- 
times of artificial satellites that are relatively close to the earth, 
the perturbations that affect the orbit must be taken into account. 
These perturbations (ref. 1, article 1) may Include the effect of atmos- 
pheric drag, oblateness of the earth, the actions of the heavenly bodies, 
radiation pressure, and others.  The atmospheric drag and the resultant 
Inferred atmospheric density may be obtained from observed changes in 
the orbital motions of existing satellites (refs. 2 to 5)* if the effects 
of the other perturbations on the orbit are known. However, most of the 
Investigators have cautioned in their reports that the exact value of 
the atmospheric density obtained by satellite observations is uncertain 
because the satellites have not been designed specifically for the meas- 
urement of atmospheric density.  In most cases, the satellites are non- 
spherical objects and their orientation relative to their velocity vec- 
tor is not known. Hence, the frontal area and the drag coefficient of 
the satellite as it passes through perigee must be assumed.  The error 



in atmospheric density due to the uncertainty in the drag parameter may 
be of the order of 20 percent.  (See refs. 6 and 7.) The lifetime of a 
satellite Is, generally, a direct function of the atmospheric density 
and the ballistic drag parameter but the lifetime may be affected by 
other perturbations. The results of the drag exerted by the atmosphere 
cause the satellite to lose energy continuously during its circuits 
about the earth. As the satellite energy decreases, the satellite spi- 
rals toward the surface of the earth. 

In October 1956» a 20-inch-diameter inflatable subsatellite devel- 
oped by the Langley Research Center was proposed to the United States 
National Committee for the International Geophysical Year for use in 
measuring satellite lifetime and therefrom the resultant inferred atmos- 
pheric density. The  density experiment was approved along with a Naval 
Research Laboratory magnetometer experiment as satellite experiment 
package III for the Vanguard launching system. By early 1957» the orig- 
inal 20-inch subsatellite had been enlarged to 50 inches in diameter 
without any increase in weight because of improved methods of design and 
construction. These improvements made possible the construction of a 
12-foot-diameter inflated sphere weighing approximately 10 pounds. TSie 
NASA was then invited to participate in the IGY program with the 12-foot- 
diameter inflatable sphere using a Department of Defense Jupiter-C 
launching configuration. During October 1958, the Jupiter-C launching 
vehicle carrying the 12-foot-diameter inflatable sphere failed to obtain 
satellite orbit because of a malfunction in the high-speed stages of the 
configuration. In April 1959» the Vanguard satellite launching vehicle 
number 5 failed in an attempt to put a 30-inch inflatable sphere in 
orbit.  In August 1959» a second attempt was made to place the 12-foot- 
diameter Inflatable sphere into satellite orbit using a Juno II launching 
vehicle. This attempt failed because of the loss of guidance of the 
high-speed stages. A third attempt to place a 12-foot-diameter sphere 
into orbit during December i960, by using a developmental Scout launching 
vehicle, failed. Ihis failure was attributed to a malfunction in the 
ignition system in which the second-stage rocket motor failed to fire. 
The  fourth attempt made in February 1961, also by using a developmental 
Scout launching vehicle, was successful in putting a 12-foot-diameter 
sphere into a satellite orbit. 
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mils paper is concerned primarily with the details of the design 
and development that lead to the final packages of both the 50-inch 
inflatable sphere and the 12-foot inflatable sphere systems. 

SYMBOLS 

All mile dimensions are based on the United States statute mile 
of 5,200 feet.     One United States mile equals 1.6093^ kilometers. 
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a albedo of earth 

Ac coated surface area of satellite 

Aip total surface area of satellite 

c distance of extreme fiber from elastic axis 

Cg solar constant 

D diameter 

h altitude of satellite 
c        I       moment of inertia of homogeneous section 

1 R E 
_ + h 

I span of beam (diameter of sphere) 

n fraction of composite beam thickness composed of plastic film 

q dynamic pressure 

Rg radius of earth 

S stress in extreme fiber 

t total thickness of beam 

T-j^ temperature of satellite in sunlight 

T2 temperature of satellite in earth's shadow 

og absorbtivity of thermal radiation from earth 

OQ absorbtivity of thermal radiation from sun 

€ emissivity 

e^ emissivity of Internal skin 

€0 emissivity of external skin 

a Stefan-Boltzmann constant 



Subscripts: 

max     maximum 

min      minimum 

p       satellite coating 

u       uncoated satellite 

IJESIGN PHILOSOPHY L 
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In considering the design of a satellite specifically for deter- 5 
mining satellite lifetime and the resultant inferred atmospheric density,      1 
it is necessary to consider some of the physical requirements for this 
type of satellite. 

(1) The satellite should have as large a projected frontal area as 
possible for the payload weight restrictions of the satellite launching 
vehicle 0 

(2) Kie mass of the satellite should be as light as possible within 
necessary structural requirements 

(3) The satellite should be a sphere and retain this configuration 
without internal pressure for accurate mass to frontal area determination 

{k)  The satellite should have high reflectivity both in the radio 
and optical range of the spectrum 

(5) The materials of the satellite must be able to withstand the 
anticipated temperature environment while in orbit 

(6) The final design must easily be contained in the payload com- 
partment of the vehicle launching system. 

Calculations of the atmospheric density resulting from the measure- 
ments of satellite lifetime (refs. 7 to 9) show that the mass of the 
satellite m, the represented frontal area of the satellite A, and 
the atmospheric drag coefficient Cp of the satellite must be known. 

These three quantities, directly associated with the physical properties 
of a satellite, determine the ballistic drag parameter Cj)A/m.  The 

ballistic drag parameter is a direct function of the satellite lifetime 
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as well as the value of atmospheric density.  In the same atmospheric 
medium a satellite with a large ratio of frontal area to mass will return 
to earth faster than a satellite having a small ratio of frontal area 
to mass.  In the case of a satellite to be used for measuring satellite 
lifetime. It would be desirable to obtain measurable reactions on the 
satellite from the effects of the atmospheric medium within a short time 
Interval.  A satellite designed with this In mind. Incorporating Items 1 
and 2 as listed previously, would result In the largest possible size 
for the weight limitations Imposed by the satellite launching system as 
well as the lightest possible satellite within the necessary structural 
requirements.  However, because an increasingly large ratio of frontal 
area to mass will result in an increasingly quick return to earth, there 
exists a lower limit in this design criteria.  This lower limit is deter- 
mined by the capability of being able to acquire the satellite during 
its return to earth a sufficient number of times so that accurate tracking 
data are obtained.  Tlierefore, it is important in satellite lifetime 
measurements to design the vehicle with as large a ratio of frontal area 
to mass as possible within the limitations Imposed on the system by the 
capability of the tracking equipment. 

Item 5 states that the vehicle to be used for measuring satellite 
lifetime should be a sphere.  A sphere is required for at least two 
reasons.  First, the frontal area of a satellite is a function of the 
satellite's orientation and the frontal area of a sphere is Independent 
of the satellite orientation.  Second, the predicted drag coefficient 
of a sphere at satellite altitudes should be more accurate because past 
experience at lower altitudes and speeds has indicated that it is gener- 
ally easier to predict the drag coefficient for a sphere than for any 
other shape. 

The optical visibility of a satellite that is used for the measure- 
ment of lifetime is Important because the best optical tracking systems 
are generally conceded to be superior to electronic tracking systems. 
(See ref. 10. ) The disadvantage of the optical tracking is that the 
satellite will be visible only during clear weather when the observer 
is in darkness and the satellite is in sunlight.  For good optical 
tracking, the satellite should be as large as possible and the external 
shell should have as high a reflectivity as possible in the visible 
range of the spectrum (item U).  A radio-tracking beacon as well as 
radar could be employed in conjunction with optical tracking to aid in 
tracking the satellite during the day and the night. The two tracking 
systems could be calibrated during the periods of visibility. 

Tbe  aforementioned requirements have dealt only with the design 
problems associated with the satellite after it has been placed in 
orbit.  Consideration must also be given to the satellite launching 
system for the payload weight, orbit capabilities, and compartment size 
and shape. 



HtFIATABU; SPHERES 

Design and Construction 

Configuration.- From the physical requirements given in the section 
"Design Philosophy," it appears that a highly reflective inflatable 
sphere would meet the requirements for a satellite drag-measuring vehi- 
cle, the  sphere can be folded into a compact package and then inflated 
from this package into shape; thus a large projected frontal area is 
formed.  In this case, the inflated sphere could be made very light for 
its size because it could be designed in its final form for the small 
loads that are expected to be encountered in space.  The Inflatable 
sphere would resist the heavy loads applied during launching because at 
this time the sphere would still be a compact package. These capabil- 
ities alone do not Justify the feasibility of using an Inflatable sphere 
as a satellite drag-measuring vehicle.  It also must be demonstrated 
that such a sphere can be constructed, folded into a compact package, 
and then Inflated to shape while still possessing in its final form the 
necessary requirements for survival in space long enough to be useful 
for the determination of atmospheric drag. 

Size and weight.- An effort was begun in 1956 at the NACA Langley 
Laboratory to develop an inflatable sphere that could be compactly 
folded, inflated in the vacuum of space, and then retain Its spherical 
dimensions in space when the internal gas pressure was released. This 
effort resulted in the design and construction of both the NASA 50-inch- 
diameter and 12-foot-diameter spheres shown Inflated in figure 1. The 
50-inch-diameter sphere was constructed for a total weight of 0.51 pound 
and it is considered the minimum useful size for a nonradio-instrumented 
satellite because of the limitations of the optical tracking network in 
being able to detect it in a satellite orbit. The first 12-foot-diameter 
spheres each weighed approximately 10 pounds.  A lighter inflatable 
sphere could have been constmcted for both sizes shown in figure 1, but 
it would not have been rigid enough without internal pressure to with- 
stand the anticipated loads in space. 
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Materials.- The  material selected as the gas barrier for construc- 
tion of the inflatable spheres was a plastic film called Mylar.  (See 
ref. 11.) Ttiis material is a very strong lightweight polyethylene film 
readily available In thicknesses from l/U to 5 mils. The  plastic film, 
however, does not satisfy the complete material requirements for an 
inflatable sphere capable of remaining spherical without internal pres- 
sure because it does not possess sufficient compression strength. There- 
fore, aluminum foil also available in thin sheets (ref. 12) was bonded 
to the plastic film to give compression strength. The  aluminum foil 
added other qualities, such as Increased reflectivity (necessary for 
optical acquisition of the sphere in a satellite orbit), conductivity 



of the sphere surface for radar tracking, and protection of the plastic 
film which could be affected by ultraviolet radiation. Figure 2 shows 
the percent loss In weight of the 2-ply laminate (aluminum foil-Mylar) 
when the two sides were exposed to ultraviolet radiation. Tbe  physical 
properties of the aluminum foil and the Mylar are given in table 1. 

Fabrication.- The spheres were fabricated by using the conventional 
balloon-gore type of construction and preformed over a hemispherical 
mold. Figure 3 shows a completed sphere being removed from the mold by 
Inflation of the sphere.  In both the 50-inch-diameter sphere and the 

L        12-foot-dlameter sphere, the gores were bonded by using a 5/8-inch over- 
1 lap between gores.  Two adhesives have been used in bonding the gores 
2 together; first, Goodyear Pliobond and  second, G. T. Schjeldahl Co. 
5        GT-5OI, a thermosetting plastic. 
1 

The  30-inch sphere was constructed from composite material con- 
sisting of one layer of aluminum, 0.0006 inch thick, laminated to the 
outside of a layer of plastic film, 0.00025 inch thick. Ttils  sphere 
was fabricated from 56 gores.  Since the sphere was to be pneumatically 

m erected, a filling stem was provided for attachment of the inflation 
bottle. 

* Ihe  12-foot spheres have been fabricated of two different laminate 
materials. First, a three-ply laminate consisting of two layers of 
aluminum foil, 0.00045 inch thick, bonded to a single center layer of 
plastic film, 0.001 inch thick; and second, a four-ply laminate con- 
sisting of alternating layers of aluminum foil, 0.0005 inch thick, and 
plastic film, 0.0005 inch thick. The spheres were fabricated by using 
a total of kO  gores. Figure k  shows some of the construction and mate- 
rial details of the 12-foot inflatable sphere. Figure U(a) gives the 
typical gore dimensions used for fabrication and figure 4(c) gives the 
material and their dimensions used to reinforce the sphere poles at 
the intersection of gores. Figure 4(e) gives the details of reinforcing 
the sphere around the pneumatic filler stem to resist the torque loads 
produced during the inflation of the 12-foot sphere.  The torque loads 
were reduced from their maximum value by a unlbal spherical bearing in 
the filling stem. 

Rigidity.- As a first approximation in the determination of the 
rigidity of the inflatable spheres, a unit width of the sphere was 
treated as a beam depending essentially upon its local resistance to 
bending as shown in appendix A.  After the sphere fabrication, it was 
found that the 30-inch spheres were sufficiently rigid to remain spher- 

,       leal without internal pressure as shown in figure 1 and that the 12-foot 
spheres would remain spherical without internal pressure if supported 
over the lower hemisphere by a string-weight system as shown in f ig- 

• ure 5«  l^e loading placed upon the sphere in this manner is a uniform 
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loading on the upper hemisphere equal to the weight of the material per 
square inch. The critical point for buckling was the center of the upper    * 
hemisphere where the span was the greatest.  This point also corresponded 
to the point of maximum dynamic pressure on a sphere in a satellite orbit. 

© 

The calculated values of dynamic pressure between 50 and 250 statute 
miles that act upon a satellite spiraling back to earth is presented in 
figure 6. Also shown for the 12-foot sphere are the design points cal- 
culated from appendix A, the ground test point, and the calculated criti- 
cal buckling pressure for a thin wall sphere under uniform external pres- 
sure (ref. 15)«  The design point was considered to be conservative L 
because it shows that the inflatable sphere will deform at approximately      i 
95 miles whereas the ground test point Indicates that the 12-foot sphere       2 
could remain spherical without internal pressure to an altitude of about      5 
75 miles and the thin-wall sphere equations indicate approximately 1 
60 miles.  If some method of loading was devised to determine the buckling 
point of the sphere during the ground test, the buckling pressure point 
for this test in figure 6 would have moved closer to the thin-wall sphere 
calculation.  However, during the static test phase it was evident that 
the spheres tested were stronger once the aluminum was stressed beyond       » 
the yield point. 

Folding and Packaging 

Folding methods.- The composite material used in the construction 
of the Inflatable spheres proved to be helpful when the problems asso- 
ciated with packaging were attacked because the sphere could be folded 
and compressed into reasonable shapes without incurring serious damage 
to the material.  Also, once the folds were made and compressed, the 
stiffness of the aluminum foil was sufficient to retain the folds in 
their compressed condition. The principal problem associated with pack- 
aging was the removal of the residual air contained Inside the sphere. 
Photographs of the general folding process are shown In figure 7«  The 
bulk of the residual air was removed with a vacuum pump while the sphere 
was being folded into a basic pleated pattern as shown In figure Jia). 
The dimensions and number of pleats depended upon one of the basic 
dimensions of the compartment that was to contain the folded sphere, 
such as, the length of a cylinder or the width of a flat compartment. 

After pleating and evacuating the residual air, the sphere assumes 
a flat shape (see fig. 7(b)).  The flat shape is folded accordion fashion 
(fig. 7(c)) so as to form a long, nearly constant width streamer 
(fig. 7(d)).  This streamer can be folded into the desired shape as seen      # 
in figure 8, depending upon the shape of the compartment available. 

A major consideration other than shape of the compartment and * 
removal of as much residual air ELS possible was to make all folds in 

J 



accordion fashion in order to minimize the possibility of high-pressure 
gas pockets existing during inflation. 

Packaging efficiency.- An idea of the packing efficiency that can 
be obtained by use of the cylindrical package is shown in figure 8(b). 
This package was the result of folding a 12-foot-diameter sphere to fit 
a cylindrical container, 7 Inches in diameter and 11 inches long.  The 
total volume of this container was approximately 0.2^6 cubic foot and 
the total volume of material In the 12-foot-diameter sphere was approx- 
imately 0.0717 cubic foot.  This volume relationship gives a packaging 
efficiency or ratio of material volume to container volume of approx- 
imately 50 percent.  In other words, the container was still approx- 
imately two-thirds full of air.  The percentage of this residual air 
that was contained within the folded sphere was difficult to determine 
but visual inspection of the packaged sphere within the container indi- 
cates that most of the residual air was between the folds and outside 
of the sphere Itself. 

Inflation From Complete Package 

Inflation system.- The drag loads on the Inflatable spheres after 
being placed in a satellite orbit are many times smaller than the load 
due to gravity on the surface of the earth where the Inflatable spheres 
were rigid enough to stand by themselves without internal pressure. 
Because of this, the spheres were designed so as not to maintain their 
internal pressure after inflation in space.  The inflation system, there- 
fore, needed only to eject the packaged spheres from their containers 
and then inflate the compactly folded sphere to some predetermined 
stress level and did not have to maintain the Internal pressure for any 
length of time. 

Two inflation systems were considered for use in inflating the 
spheres.  The systems were sublimation of either a solid or a liquid In 
the vacuum of space and a compressed gas system.  A major consideration 
in the selection of the inflation system was the unfolding loads that 
are inherent in the compactly folded rigid spheres.  The pressure required 
to overcome these unfolding loads may be higher than the final inflation 
pressure of the fully Inflated sphere.  The sublimation system will 
exert a pressure equal only to its equilibrium vapor pressure at a given 
temperature and if the unfolding loads are greater than the equilibrium 
vapor pressure, the sphere will not inflate.  Ilie compressed gas system 
when designed for the fully inflated sphere will exert a greater pres- 
sure during the unfolding process because of the reduced volume of the 
folded package.  The compressed gas system, as designed, was a simple 
mechanical system whose reliability could easily be evaluated in vacuum 
tank tests. 
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Inflation under atmospheric pressure of sane of the early spheres 
constructed from the laminate Indicated that the sphere was more rigid 
after having been pressurized to the yield stress of the aluminum. The 
many creases formed on the surface of the sphere during folding were 
removed when the sphere was Inflated to an Internal pressure equal to 
the yield point of aluminum. For the 30-Inch-diameter sphere, the Inter- 
nal gas pressure was approximately 0.52 pound per square Inch and for 
the 12-foot-diameter sphere, the gas pressure was approximately 0.1 pound 
per square Inch. 

After the final Internal pressure of the inflated sphere was known, 
the size and weight of the inflation bottle could be determined. The 
capabilities and limitations of the satellite launching system, as well 
as the size and weight of the inflation bottle, determined the method 
of injection of the sphere into satellite orbit.  The inflation system 
of the 50-inch inflatable sphere for the Vanguard launching vehicle is 
given in appendix B and the inflation system of the 12-foot inflatable 
sphere is detailed in appendix C. 
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Testing.- During the research and developmental phase of the design 
of the payloads, many vacuum tank tests were conducted in order to insure 
the reliability of the design.  These tests include ejection of the 
folded sphere from the container, inflation of the sphere to the desired 
internal pressure, and separation of the sphere from the Inflation sys- 
tem if required.  Figure 9 shows the 50-inch sphere after inflation in 
a vacuum tank and figure 10 shows a 12-foot sphere being inflated in a 
vacuum.  In addition to the tank tests, several vertical probes were 
made from Wallops Island (refs. 1^ and  15). 

Hie complete payloads were subjected to environmental conditions 
that were expected to be produced by the various launch systems. The 
environmental conditions include 25g horizontal and vertical vibrations 
up to 2,200 cycles per second, 100g shock and sustained load, and spin 
rates up to 1,000 revolutions per minute.  After the environmental tests 
were completed, the payloads were activated in a vacuum tank in order 
to demonstrate their ability to survive the expected environment with- 
out failure. 

Decompression tests were made of complete payload packages to deter- 
mine whether the residual air in the package would cause movement of the 
folded spheres and affect the dynamic balance of the spinning launch 
system or prematurely eject the folded 12-foot sphere from the container. 
Movement of the 50-inch sphere in its package was not considered a prob- 
lem because of the lightweight of the sphere and because the movement 
was restrained by the carrier and magnetometer. 

Tbe  complete 12-foot sphere payload was placed inside of a small 
decompression tank that, in turn, was connected to a large vacuum as 
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shown in the sketch included In figure 11. Pressure measurements with 
time were recorded for the payload package and the decompression tank 
as the pressure In the decompression tank was rapidly reduced from 
atmospheric. Two of these tests are presented In figure 10, one a rapid 

test that lasted for a total of 8^ seconds and a slower test that lasted 

for kO  seconds. The rapid test (duration, 85 seconds] shows that the 

pressure Inside the payload package lags the decompression tank pres- 
sure by 1 to 2 pounds per square Inch.  Hils differential pressure could 

L        exert a force of approximately 7^ pounds on the folded sphere and cause 
1 premature ejection. However, a dial Indicator located at the forward 
2 end of the payload package (fig. 11) during the tests measured a move- 
5 ment of only 0.015 Inch. In the slow test (duration, kO seconds)» the 
1        leakage of the residual air from the payload package was sufficient to 

reduce the payload pressure at the same rate as the decompression tank 
pressure. Ttiis  slow test was faster than the expected ascent of a Scout 
vehicle as shown In figure 11.  It appears from these tests that prema- 

# ture ejection or dynamic unbalance due to shifting of the payload from 
residual air does not constitute a problem. 

m 

ESTIMATED ORBITAL CONDITIONS 

Lifetime 

Estimates of the lifetime of a satellite before being placed into 
an orbit around the earth are generally erroneous because of certain 
unknowns that enter into the calculations. These unknowns are generally 
of three types: first, those that affect the performance of the launching 
vehicle and the guidance system; second, those that are concerned with 
the spatial orientation of nonspherical satellite shapes; and third, 
those that are concerned with the knowledge of the atmosphere at satel- 
lite altitudes. 

■Hie estimated lifetime of the 12-foot-dlameter inflatable sphere 
is shown in figure 12 for circular and several elliptical orbits.  These 
calculations are based on the change of total energy in an orbit as 
caused by a drag Impulse acting at the perigee altitude (ref. l£) and 
using the Air Research and Development Command (ARDC) model atmosphere, 
1959 (ref. 17). An error is Induced into the calculations of the ellip- 
tical orbit lifetime by assuming that the perigee altitude does not 
diminish at all and that the drag impulse is applied only at the perigee 
altitude. Another error that appears is that the exact atmospheric 

• density at the perigee altitude and exact drag coefficient are not known. 
These errors may affect the orbital lifetimes by a factor of 10.  To 
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determine the reliability of this estimate of satellite lifetime, it 
would be necessary to place a sphere of this mass-area ratio ■ 
(0.004l2 slug/ft2) into orbit.  The estimated lifetime from figure 12 
for the 12-foot-diameter sphere, weighing 15 pounds, in an elliptical 
orbit (perigee, kOO  miles; apogee, 1,600 miles) is approximately 5^0 days. 
Calculation by other methods indicated that the estimated lifetime of 
the 12-foot-diameter sphere in this orbit would vary from approximately 
90 to 520 days.  If the mass-area ratio is appreciably increased, the 
lifetimes become prohibitive.  A satellite of the same mass-area ratio 
as Vanguard I (approximately 0.107 slug/ft2) would have an estimated 
lifetime of over 300 years. L 
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Because optical tracking of satellites is considered to be more 
accurate than electronic tracking (refs. 10 and iß) and, also, in case 
of failure of the satellite's electronic transmitter, optical tracking 
would be the primary method of satellite acquisition, the degree of 
optical visibility (stellar magnitude) of the Inflated spheres illum- 
inated by the sun while in a satellite orbit had to be determined.  In 
order to predict the optical visibility of the Inflatable spheres, it 
was first necessary to determine whether the spheres reflected diffusely 
or specularly and what their reflectance or albedo would be. 

A small ^-inch-diameter inflatable sphere (fig. 15) was constructed 
from the material used in the 50-lnch-diameter inflatable sphere for the 
purpose of making reflectivity tests.  Ttie small size of the test spec- 
imen, dictated by the equipment available for conducting the tests (see 
ref. 19)> was not considered to be detrimental for determining the reflec- 
tivity of the larger spheres.  The external surface of the 4-inch-diameter 
sphere (fig. 13) was similar to the external surface of the larger spheres 
(figs. 1 and 9). 

The results of the tests on the 4-inch-diameter inflatable sphere 
model are presented in figures lh  and 15.  In figure Ik  is plotted the 
measured values of sphere-reflected light flux per foot candle of illum- 
ination as a function of azimuth angle from the direction of illumina- 
tion. Also presented in figure lh  are calculated values of the returning 
light flux as a function of azimuth angle for a diffuse sphere (ref. 20) 
and for a specular sphere (ref. 21), a unit foot candle being substituted 
for the solar incident flux and a value of reflectance of 90 percent 
being used. The  distribution of the measured values in figure Ik  as 
compared with the calculated values for specular and diffuse spheres 
Indicates that the inflatable spheres will reflect more like specular 
spheres than like diffuse spheres. The  measured values then were , 
divided by the calculated value for a 90-percent specular 4-inch- 
diameter sphere to determine the percent reflectance.  This value of 
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reflectance is plotted on a polar coordinate scale in figure 15 as a 
function of azimuth angle from the direction of illumination. Also 
presented in figure 15 is the percent reflectivity measured by the same 
equipment for a machined and polished U-inch-diameter aluminum sphere. 
The aluminum sphere was included in figure 15 to show that the scatter 
in the data is not only inherent in the inflatable sphere but that the 
surface of the inflatable sphere is comparable to a machined and polished 
aluminum sphere.  An arithmetic average of the measured reflectance 
points from azimuth angles from 20° to 170° indicates that the inflatable 
spheres should have an average reflectivity of 79 percent. 

The apparent magnitude at zenith is presented in figure 16 for a 
specular, 79-percent-reflectivity spherical satellite of 50-inch and 
12-foot diameter plotted against distance of satellite from the observer 
by using the method given in reference 21 for a nighttime sky.  Also 
presented in figure 16 for reference is the magnitude of the Polaris 
star which is equal in apparent magnitude to the 12-foot-diameter sphere 
at a distance from an observer of approximately 300 miles.» A correction 
value for atmospheric refraction is presented in figure 16 from the 
zenith elevation angle of 90° to an elevation angle of 10°. 

Thermal Balance 

The skin temperatures of the inflatable spheres while in satellite 
orbits were calculated because the plastic film and the bonding agents 
used in the lamination of the skin and the fabrication of the spheres 
would have to withstand these temperatures while in the space environ- 
ment.  These temperature calculations were made on two arrangements of 
the aluminum foil-Mylar laminate using the equations given in appendix D. 
The values of emissivity and solar absorptivity used in the calculations 
are given in table II. 

The maximum and minimum skin temperatures in sunlight and in the 
earth's shadow on the aluminum foil-Mylar inflatable satellite are 
shown in figure 17 as a function of orbital altitude.  Figure 17 shows 
that by changing the inside surface of the satellite from aluminum foil 
to Mylar the temperature difference across the satellite is lessened and 
the difference between the extremes in temperatures is decreased. 
These results tend to simplify the problem of sustaining the necessary 
temperature range if electronic components are added to the satellite. 

The batteries and transistors included in the electronic components 
are generally sensitive to temperature and are limited to a temperature 
range between 60° C and -10° C for satisfactory operation.  Because of 
the low thermal mass of the inflatable spheres, it would be necessary 
to change the ratio of average absorptivity to emissivity As/e0 of the 
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outside skin of the satellite In order to regulate the maximum skin 
temperature while In the sunlight. The most applicable method appeared 
to be coating a percentage of the outside surface with a paint or dye 
having a lower Ag/eo ratio than the aluminum surface.  Included In fig- 
ure 17 are the maximum and mini mum temperatures, while In the sunlight 
and the earth's shadow, for an Inflatable satellite (outside surface, 
aluminum; Inside surface. Mylar) having 17 percent of the outside sur- 
face coated with white epoxy paint. The maximum temperature while in 
the sunlight has been decreased below 60° C. Ihe temperatures while in 
the earth's shadow are  below those required for satisfactory operation 
of the electronic components.  Bierefore, it appears that thermally 
decoupling the electronic components from the satellite skin is the most 
satisfactory method of controlling the temperature while In the earth's 
shadow. 

The  maximum temperature to which the spheres were subjected during 
curing operations after fabrication was approximately 163° C, which, as 
may be seen from figure 17, is above the maximum skin temperature of 
the satellite while in the sunlight. 
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RESULTS AND DISCUSSION 

On February 16, 1961, at approximately 13:16 Greenwich mean time 
(G.m.t.), a 12-foot-diameter inflatable sphere for the measurement of sat- 
ellite drag and the resultant inferred atmospheric density was injected 
into orbit. The launching vehicle was the NASA Scout, a four-stage 
solid-fuel rocket system. The  primary consideration of the launching 
was the continued development of the Scout as a launching system capable 
of placing a payload into orbit and the secondary consideration of the 
launching was the payload itself. After obtaining orbit, the Inflatable 
satellite was named Explorer IX (Harvard Observatory Notation 1961 
Delta 1). 

The Explorer IX satellite, shown in figure 18, was constructed from 
the four-ply laminate, consisting of alternating layers of aluminum foil 
and plastic film.  The aluminum foil formed the outside surface and the 
plastic film, the inside surface. Approximately 17 percent of the total 
outside surface was covered with white epoxy paint to help accomplish the 
requisite thermal balance on the satellite.  In order to upgrade the 
experiment by providing continuous day and night tracking, the satellite 
was equipped with a radio tracking beacon. The  satellite, as shown in 
figure 18, was divided at its equator Into two hemispheres by means of 
a dielectric separator In order that the two metal foil hemispheres would 
serve as the antenna for a tracking beacon. Ihe total orbital weight of 
the inflatable sphere and tracking beacon components was lU.62 pounds. 
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The folded sphere was ejected from the payload container, while the 
container and fourth-stage motor were spinning at approximately- 220 rev- 
olutions per minute, traveling at a velocity of approximately 26,100 feet 
per second and was at an altitude of approximately k20  statute miles. 
The sphere successfully inflated and separated from the container. 

The tracking beacon on the satellite was first acquired during the 
initial orbit by the NASA Minitrack station at Esselen Park, South 
Africa.  The Minitrack station at Woomera, Australia obtained the sat- 
ellite tracking beacon signal approximately 2 minutes before the satel- 
lite entered the earth's shadow and tracked for about 17 minutes while 
in the shadow. The acquisition of the tracking beacon signal indicated 
that the folded sphere had inflated successfully because the satellite's 
skin formed the radio transmitter antenna.  The transmitter failed after 
passing out of range of the Woomera Minitrack station and before coming 
into range of the next Minitrack station. 

The primary tracking facilities were the Smithsonian Astrophysical 
Observatory (SAO) Baker-Nunn camera stations. The Baker-Nunn camera 
station, Olifantsfontein, South Africa, first acquired the satellite 
at 18:05 G.m.t., February 16, 1961.  The satellite was next sighted by 
the Baker-Nunn camera station, Jupiter, Florida at 10:M+ G.m.t., 
February 17, 196l.  Over 1,000 sightings of the satellite were reported 
by the Baker-Nunn camera stations and SAO Project Moonwatch teams; these 
reports indicated that the satellite gave a steady white light.  The 
stellar magnitude of the satellite against a known star background have 
agreed with the theoretical predictions for a 12-foot-diameter sphere at 
the orbital distances involved. 

The satellite has been tracked by radar on numerous occasions and 
the radar cross sections have indicated that the satellite was fully 
inflated. 

The Explorer IX satellite, because of its low ratio of mass to 
area (0.00MD2 slug/sq ft) and based on the initial orbit (perigee, 
392.8 statute miles; apogee, 1,607.2 statute miles) given by the devel- 
opmental Scout launching vehicle, should remain in orbit for approxi- 
mately one year. The major perturbation of the satellite orbit, other 
than the effect of the oblateness of the earth, appears to be the effects 
of atmospheric drag and solar radiation pressure.  The combined effects 
of atmospheric drag and solar pressure are making measurable differences 
in the satellite orbit over short periods of tlmej thus, the 12-foot- 
diameter inflatable sphere is a satisfactory instrument for measuring 
orbital perturbations due to the atmospheric density and solar radia- 
tion.  An effort is being expended to differentiate between the magni- 
tude of the two effects. 
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CONCLUDING REMARKS 

The design study of the characteristics of inflatable spheres has 
indicated that such spheres are practical for the use as satellites for 
determining atmospheric density.  The spheres could be fabricated from 
lightweight material, compactly folded, and inflated to give a large 
frontal area.  A solar-powered radio beacon can be attached to the sur- 
face of the sphere.  The temperature of the electronic components of 
the beacon can be controlled within satisfactory operating limits while 
the spherical satellite is in sunlight by applying a white epoxy paint        j, 
coating to 17 percent of the outside surface of the sphere.  A 12-foot-        i 
diameter inflatable sphere. Explorer IX, was successfully ejected from        2 
the payload container at an altitude of h20  statute miles while spinning       5 
at approximately 220 revolutions per minute and traveling at a velocity       j. 
of 26,100 feet per second.  The aluminum-foil inflatable satellite is 
optically visible in its orbit and appears to reflect more like a 
specular sphere than a diffused sphere.  Over 1,000 sightings were 
reported during the first 115 days in orbit and the optical observations 
have indicated that the satellite gave a steady white light with the 
stellar magnitude agreeing with predictions for the 12-foot-diameter 
inflatable sphere.  Radar sightings have indicated that the 12-foot- # 

diameter satellite is fully Inflated. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Air Force Base, Va., January 50, 19^2. 
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APPENDIX A 

DETERMINATION OF MAXIMUM SKIN STRESS WITH SATELLITE ALTITUDE 

In the determination of the maximum buckling stress for the inflat- 
able spheres, it was assumed that the thin-wall sphere equations are not 
valid because of the residual wrinkles in the sphere skin and that 
rigidity of the spheres will depend upon the local skin stiffness. A 
further assumption was made that a unit width of the skin could be con- 
sidered to be a beam that would collapse when the bending moment imposed 
produces a stress in the extreme fiber equal to or greater than the yield 
stress of the material in the extreme fiber. The flexure formula 
(ref. 22) gives the relationship between the bending moment and the yield 
stress in the extreme fiber.  In order to use this formula, it is first 
necessary to transform the composite material into an equivalent homo- 
geneous material. This transformation may be done by using the ratio 
of the modulus of elasticity of the two materials.  The section modulus 
of the homogeneous material based on a three-ply laminate consisting of 
aluminum and Mylar is 

c 
1  (l8.7 - 17.7n5)t2 

(Al) 

In a satellite orbit lower than 250 miles, the bending moment will 
be applied principally by the dynamic pressure, the weight of the mate- 
rial being neglected.  The dynamic pressure in this case should act upon 
the beam with the maximum load at the center and with a minimum load at 
the ends because of the satellite's spherical shape. By  assuming a 
linear variation between the maximum and minimum loads, the maximum 
bending moment for a beam triangularly loaded can be obtained in terms 
of the dynamic pressure per unit width of the beam. 

By combining the flexure formula, the section modulus (eq. (Al)), 
and the maximum bending moment in terms of the dynamic pressure, an 
expression for the variation of maximum skin stress with satellite alti- 
tude can be obtained 

S = _ älf _ (A2) 
2(18.7 - 17.7n5)t2 

Ulis expression shows that the maximum skin stress in the extreme fiber 
is directly proportional to the dynamic pressure and the square of the 
sphere diameter and inversely proportional to the square of the skin 
thickness and the cube of the fraction of the skin composed of plastic 
film. 
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APPENDIX B 

30-INCH-DIAMETER INFLATABLE SUBSATELLITE FOR THE 

VANGUARD LAUNCHING VEHICLE 

Hie JO-inch-diameter subsatelllte experiment was approved by the 
United States National Committee for the IGY, Technical Panel on Earth 
Satellite Projects, in February 1957 for use with a magnetometer experi- 
ment on a Vanguard launching system.  The subsatellite was to be Earth 
Satellite Project number 29. 

The arrangement of the magnetometer and the subsatellite package 
on the last stage rocket is shown in figure 19. Photographs of the 
subsatellite package are shown in figure 20. The design, construction, 
and folding process of the subsatellite have been previously discussed. 
Th.e  subsatellite was fabricated from a two-ply laminate consisting of 
a single layer of aluminum foil, 0.0006 inch thick, bonded to a single 
layer of plastic film, 0.00025 inch thick. 

The inflation bottles were made of 17-4 PH (condition H-1000) stain- 
less steel.  Two inflation bottles were designed for use with the sub- 
satellite. One bottle was nondetachable (fig. 21(a)), and the other 
bottle was automatically detachable from the satellite upon inflation 
(fig. 21(b)).  The purpose of the two systems was that the mass of the 
orbiting element could be increased approximately 30 percent while the 
frontal area was increased a maximum of O.U percent. The system to be 
used would be based on the expected lifetime calculated from the orbiting 
altitude provided by the launching vehicle. The Inflation mechanism Is 
shown in figure 22(a) and was the same for both bottles. The system 
being armed when the arming pin that fixed the trigger to the bottle 
was pulled. The trigger prevents the piston valve from moving and 
inflating the sphere. The arming pin was not pulled until after the 
satellite packages were in place on the launching vehicle and a few 
hours before launching. After the system was armed, the magnetometer 
and the subsatelllte carrier prevented the trigger from being operative. 
When the magnetometer was ejected from the third-stage vehicle, the 
force that fixed the trigger was removed. Tbe  piston valve was pushed 
down by the gas pressure in the bottle and the gas escaped into the 
folded subsatellite. 

The detachable bottle had two latches that firmly gripped the 
filling adapter of the subsatelllte.  (See fig. 22(b).) These latches 
were held in place by pistons utilizing the gas pressure in the bottle. 
When the pressure in the bottle dropped to approximately 100 pounds per 
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square inch, the separation spring forced open the latches and. allowed 
the subsatellite to separate from the bottle. 

Pertinent characteristics of the two inflation bottles are: 

Weight 
empty, 
gm 

Volume, 
cu in. 

Operating  i 
pressure, 
Ib/sq. in. 

Nondetachable 

I  Detachable 

60 

78 

2.26 

5.22 

2,000 

1,500    | 

übe  nondetachable bottle was selected for use with the Vanguard 
launching vehicle because of the low perigee altitude (350 statute 
miles) that was anticipated with this launching system. 

Ibe  inflation gas used was preprocessed nitrogen. Vacuum tank 
tests Indicated that the change from a folded shape to a spherical shape 
occurred in approximately 2 seconds and was fully inflated in approxi- 
mately 15 seconds, internal pressure being approximately 0.3 pound per 
square inch. Using the detachable bottle at 1,500 pounds per square 
inch, the subsatellite and the bottle separated at approximately 
15 seconds. 

The subsatellite carrier shown in figure 20 was made of laminated 
0.003 glass fiber and an epoxy resin.  The carrier was designed to fit 
between the magnetometer and the third-stage vehicle.  (See fig. 19«) 
An aluminum Insert was used at the attachment point because the original 
all-plastic carrier failed in compression vhen tightening the attach- 
ment bolts and/or In shear when the subsatellite package was subjected 
to 25g vibration tests. 

The  foam-rubber spacer shown in figure 20 was used between the 
magnetometer and the folded subsatellite. This spacer served two pur- 
poses, the first was to prevent damage to the subsatellite by the mag- 
netometer and the second was to hold the subsatellite and the inflation 
bottle firmly in place during flight, and thus prevent the satellite 
package from becoming unbalanced. The spacer was made as light as pos- 
sible and still have a maximum of bearing surface. 
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Tbe  approximate weights of the 50-inch subsatellite package are: 

Component 

50-inch subsatellite   
Nondetachable bottle filled with dry nitrogen 
Carrier   
Foam-rubber spacer   

Total weight   

Weight, 
gm 

157 
65 
101 
15 

318 

Ihis weight of 5l8 grams (approximately 0.7 pound) was the original 
weight allowed for the subsatellite package. 

The magnetometer was to be ejected from the third-stage vehicle 
by an ejection spring that gave an added velocity of approximately 
k  feet per second to the magnetometer. While the magnetometer was sepa- 
rating from the vehicle, the force restraining the trigger on the infla- 
tion bottle was being decreased. When this force was removed, the gas 
loaded piston valve was allowed to open and the pneumatic erection of 
the subsatellite expelled the subsatellite from its carrier and the 
third-stage vehicle.  Pressure within the subsatellite was to be released 
through small gas vents. The  weight of the orbiting subsatellite and 
inflation bottle would be approximately O.kk-  pound. 
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APPENDIX C 

12-F00T-DIAMETER INPIATABLE SPHERE PAYLOAD FOR JUPITER-C, 

JUNO II, AND SCOUT LAUNCHING VEHICLES 

Ihe  NACA was invited by the United States National Conanittee for 
the IGY to participate in the IGY program with a 12-foot inflatable 

L sphere for use as an air drag and density experiment in March 1958« A 
1 schematic drawing of the 12-foot-diameter inflatable sphere payload is 
2 shown in figure 23-  A photograph of the major subassemblies (inflation 
5 bottle, ejection bellows, disconnect, and folded 12-foot-diameter sphere) 
1 are shown in figure 2^. 

A drawing of the inflation bottle and the inflation valve mechanism 
is shown in figure 25. The inflation bottle was made of SAE hjkO  steel 
normalized after welding. The volume of pressure bottle was approxi- 
mately 102 cubic inches and the operating pressure of the system was 
1,500 to 1,800 pounds per square inch.  The inflation gas was O.k  to 
0.5 pound of preprocessed nitrogen. 

The inflation mechanism consisted of seven basic parts that are 
as follows: 

(1) Inflation bottle which contained the inflation gas required 
for successful ejection, inflation, and separation of the 12-foot- 
diameter sphere from its container, 

(2) The squib body which contained the two actuating squibs and 
the piston that was used to open the inflation valve, 

(5) Piston snap ring which prevents the piston and valve from 
closing after firing of the squibs, 

{h)  The valve body which contains the inflation valve and the gas 
return port, 

(5) The inflation valve that is held in the closed position by the 
pressure in the inflation bottle, 

(6) The  gas return tube which connects the gas return port in the 
valve body to the inflation bellows, and 

(7) The fill valve that is used to fill the inflation bottle and 
is contained in the valve body. 
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The  sequence of operating starts with the firing'of the two squibs. 
Either squib was capable of actuating the inflation mechanism and the 
simultaneous firing of both squibs did not create pressure sufficient 
to destroy the mechanism.  The pressure from the squibs moved the piston 
forward against the valve. The  valve and piston then travel against the 
pressure in the inflation bottle until the snap ring expands.  The snap 
ring prevents the pressure in the inflation bottle from closing the valve 
and also prevents the piston from returning to its original position; 
the squib explosion gases were thereby allowed to leak out of the vent 
in the squib body. With the valve open, the inflation gas passes around 
the valve, »arough a gas port into the gas return tube, and out into the      L 
ejection bellows, 1 

2 
A drawing of the ejection bellows is shown in figure 26.  The bei-        5 

lows were made in three parts;  (l) the flexible bellows were made of 1 
Pairprenej (2) the sliding piston on the forward end of the bellows was 
made of aluminum and was an attachment point for the disconnect mechanism 
(fig. 2T)j and (3) a laminated glass fiber bulkhead that was attached to 
the inflation bottle by flat-head screws. The flexible bellows were 
packed inside the aluminum piston and the glass fiber bulkhead. 

Upon opening of the valve In the inflation bottle, the nitrogen gas 
escaped into the bellows and expanded them almost instantaneously. The 
expansion was restrained radially by the payload containerj thereby, the 
bellows were forced to expand longitudinally.  The longitudinal expan- 
sion forced the piston to eject the packaged sphere from the container. 
The piston's travel was restrained by the wire rope cable assembly. 
(See fig. 27.) In the extended position, the bellows were approximately 
19.1 inches long. 

The disconnect mechanism is shown in figure 27. The main basic 
parts of the disconnect mechanism were made of stainless steel and the 
disconnect switch was made by nylon and copper.  The disconnect mechanism 
had six basic parts which are as follows: 

(1) The disconnect body by which the disconnect mechanism Is 
attached to the bellows piston, 

(2) A sliding sleeve that retains the detent balls and one of the 
steel balls on the wire rope cable assembly, 

(5) Two rows of detent balls that were used to lock and unlock the 
various parts of the mechanism in their functional positions, 

{k) A valve-stem extension which slides within the sleeve. The 
valve stem on the package sphere is attached to this extension. The 
nitrogen flows through the valve stem and extension into the sphere. 
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(3) A disconnect spring retained In a partially compressed state 
between disconnect body and the valve-stem extension,   and 

o 
(6) A wire rope cable assembly which connects the Inflation bottle 

and the disconnect mechanism. THIIB  assembly limits the travel of the 
bellows piston. One of the steel balls functions as a ball cock at the 
Inlet end of the valve-stem extension. The  cable Is located within the 
bellows. 

Four steps In the operation of the disconnect mechanism are shown 
t in figure 28.  Position number 1 shows the relationship of the discon- 
X nect parts prior to firing of the squibs. The two rows of detent balls 
2 are holding the valve-stem extension against the force of the valve 
5 spring, 
1 

Position number 2 shows the disconnect mechanism at the limit of 
travel of the wire rope.  The body of the disconnect that is fastened 
to the bellows piston continues its travel by the continuing travel of 
the piston. This additional travel compresses the valve spring and 
allows the first row of detent balls to aline themselves with a machined 
recess in the disconnect body and thereby unlock the valve-stem exten- 
sion from the sleeve. The valve spring Is now free to relieve part of 
Its compression and draws the valve-stem extension forward and opens 
the ball cock inlet port. The forward movement of the valve-stem exten- 
sion Is stopped by the second row of detent balls and by the lip on the 
forward end of the sleeve (position number 5). 

Tbe  disconnect mechanism remains in position number 5 until the 
sphere is completely Inflated, Practically all of the nitrogen is 
required to Inflate the sphere; and a decrease in nitrogen pressure in 
the bellows results. When the internal pressure of the bellows drops 
to about 0.1 pound per square inch, the sphere is completely Inflated 
and has an Internal pressure of approximately 0.1 pound per square 
inch. Ihe valve spring then overcomes the force exerted by the bellows 
piston that is holding the disconnect body in its most forward position 
and returns the disconnect body to its starting position. During the 
rearward movement of the disconnect body, the second row of detent balls 
that are  locking the valve-stem extension are released into a machined 
recess in the disconnect body and thereby permanently frees the valve- 
stem extension (position number k). 

Ihe valve spring, now reacts to release one of its restricting 
parts, pulls the valve-stem extension from the disconnect body, and 
simultaneously imparts a separation energy to the satellite. After 
separation of the inflated sphere from the disconnect mechanism, the 
internal pressure in the sphere equalizes with the outside pressure 
through the open valve stem. 
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Jupiter-C Package 

Ibe 12-foot-diaineter Inflatable sphere and the Inflation, ejection, 
and disconnect systems were designed for use as a Jupiter-C payload. 
3he inflatable sphere was constructed from the three-ply laminate.  The 
launching vehicle was a five-stage Jupiter-C consisting of a modified 
Redstone, first-stage, and a high-speed assembly containing four stages. 
The high-speed assembly combined the second, third, and fourth stages 
as well as the payload which contained the fifth-stage kick motor. 

The  fourth-stage motor and the payload assembly are shown in fig- 
ure 29-  The payload assembly was contained in a cylindrical shell 
7 inches in diameter and approximately 55 inches long.  The payload 
assembly separates from the fourth-stage motor after burnout. The kick 
motor, fifth stage, is located in the nose of the payload with the nozzle 
facing forward. When the kick motor is fired on signal from the timer, 
the nose tip is blown off, and the nozzle is exposed. The kick motor 
is fired at first apogee and.  since the payload assembly has a fixed 
orientation in space because of spin stabilization, the direction of 
thrust at apogee is such as to increase the payload velocity. The 
increase in thrust results in a new orbit with a much higher perigee. 
A signal from the timer activates the squibs and starts the inflation 
sequence. 
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Juno II Package 

The 12-foot-dlameter Inflatable sphere fabricated from the three- 
ply laminate and the Inflation, ejection, and disconnect systems that 
were used as the Juno II payload were similar to those used as the 
Jupiter-C payload.  The launching vehicle consisted of a modified 
Jupiter first stage and a two-stage high-speed cluster.  The payload 
was attached to the forward end of the third-stage adapter. 

Ihe third-stage motor assembly and the payload assembly are shown 
in figure 50. The payload was contained in a cylindrical shell 7 inches 
in diameter and approximately 2k  inches long. At burnout of the third 
stage, the third-stage assembly and the payload were expected to be in 
orbit. The third-stage timer was to be used to initiate the sequence 
of ejection. Inflation, and release of the sphere. 

Scout Payload 

ISae  12-foot-diameter inflatable sphere payload (fig. 25) for the 
Scout launching vehicle was similar to the ones developed for the 
Jupiter-C and Juno II launching vehicles. The major differences were 
a four-ply laminate sphere, the diameter of the payload container, and 
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the method of initiating the sequence of events: ejection, inflation, 
and separation. 

Because of the addition of the radio tracking beacon to the sphere, 
the diameter of the payload container was increased to 8.5 inches. Kils 
increase required a redesign of the ejection "bellows and its restraining 
wire rope cable to compensate for the larger diameter but retaining all 
other characteristics. 

The  sequence of events in the operation of the Scout payload was 
L        initiated when the chamber pressure of the fourth-stage rocket motor 
1 dropped to a predetermined value.  A pressure switch on the thrust face 
2 of the fourth stage fired a series of pyrotechnics that activated the 
5        valve on the inflation bottle. 
1 
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APPENDIX D 

TEMPERAIUBE LIMITS ON TEEN-WALL SPHERICAL SATELLITE 

The temperature limits on thin-wall spherical satellites were cal- 
culated for orbital positions where the maximum and minimum equilibrium 
temperatures would be obtained. The temperature was assumed to be uni- 
form through the skin and the conductive transfer of heat flow from the 
hotter to the colder regions of the satellite skin was assumed to be L 
negligible because of the skin thickness. 1 

2 
The maximum temperature on the satellite occurs when the satellite       5 

is directly between the sun and the earth. In this position, the satel- 
lite receives direct solar radiation, solar radiation diffusely reflected 
from the earth's surface, and direct earth-emitted radiation.  The hot- 
test spot on the satellite will be the. unit of area that directly faces 
the sun. The expression for the maximum equilibrium temperature (ref. 23) 

^max '(H + eo) 

An expression is also needed for the minimum equilibrium skin tem- 
perature while the satellite is directly between the earth and the sun. 
Tiie  minimum temperature will be located about 90° from the point of 
maximum skin temperature.  Because of the high angle of incidence, the 
direct contributions of flux are assumed to be negligible and the only 
contribution of flux is that radiated from the inside surface of the 
satellite.  The conservative expression derived for the minimum equilib- 
rium skin temperature while the satellite is directly between the earth 
and the sun is 

T!* 
I ^ CSa8\1 * T * 

Wn a{ei *  €o) 

Tbe  temperature of the coldest spot on the satellite will be 
obtained when the satellite is in the earth's shadow and is receiving 
only the earth's emitted radiation. Hie minimum temperature will be 
experienced on the side of the satellite opposite the earth where only 
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the radiation transmitted by the inside of the satellite is received. 
Ihe mlnlimim equilibrium temperature (ref. 23) is 

2min a{€±  + €o) 

übe mftvlnniin equilibrium temperature for the satellite while in the 
^*        earth's shadow will be that portion of the satellite's skin facing the 
1 earth that receives the maximum direct earth radiation per unit area. 
2 Here, thermal balance will be obtained when the reception from the earth 
5        plus reception from the inside skin equals the radiation from both sides 
1        of the satellite skin closest to the earth. The expression for the max- 

imum temperature (from ref. 2k)  while in the earth's shadow is 

TÜ ^M^±^l 
2max o(€i + €0) 

In order to decrease the maximum skin temperature while the satel- 
lite Is in the sunlight, the average absorbtivity and emisslvity of the 
outside skin may be changed. Ihls change may be accomplished by uni- 
formly coating a percentage of the total outside surface area. Tbe 
effective absorbtivity and emisslvity may then be expressed as 

Ac 
^ " (^p " *B,n)Ai + ^u 

Ac 
€o " (€o,p " eo,u)E£ + eo,u 
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TABI£ I.- MECHANICAL AND PHYSICAL PROPERTIES OF ALUMINUM AND MYLAR 

i          Property Aluminvm Mylar 

Tensile strength, Ib/sq in. .... 
Modulus of elasticity, 

Ib/sq. in»  ••••••••••• 

4,125 

10.5 x 106 

0.55 
2.70 
660 

0.214 at 100° 

20,000 1 

5.5 X 105 j 
Assumed to be 0 ! 

1.59 
250 - 255 

0.515 at 25° 
0.476 at 200° 

Poisson's ratio «•••.••••. 
Density* am/cc    •••••••••• 
Melting point, 0C   
Specific heat, cal/gm/0C   

L 
1 
2 
5 
1 

TABIE II.- EMISSIVITY AND SOLAR ABSORPTIVITY VALUES 

1     Material 
Emissivity, 

c 
Absorptivity, 

«s/e  f 

Aluminum foil 

Mylar 

White epoxy paint 

0.08 

.5 

.90 

0.15 

.55 

1.875 

.567 
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Figure 5-- Photograph of the testing of a 12-foot-diameter 
sphere. 
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INCHES 

i1.i2'«3'«4- i±A 
(a) Annular package (30-inch sphere) . L-59-282i 

Figure 8 . -

• -4 
r 

\.JR 

(c) Flat package (12-foot sphere). L-58-2329 

Photographs showing the inflatable spheres folded to fit var-
ious payload compartments. 
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L-57-875 
Figure 13-- Photograph of a inch-diameter inflatable sphere. 
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Aluminum • outside and insid« surface 
Aluminum • outside surface; Mylar » inside surface 
Aluminum • outside surface with 17-percent area covered 

with white epoxy paint; Mylar - inside surface 
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L-62-29 

Figure 19-- Photograph of the arrangement of the packages on the last-
stage veh ic l e . 
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Figure 22.- Inflation bottle used with the 30-Inch-diameter spheres. 
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