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4 PROJECT MERCURY

TavLe [11L.—Personnel manning requiremoents, Morveury worldwide tracking and
communications network

Site M and O Organizatlon
personne] respaongihl

Cape Canavernal M DOID-AMR
Chrand Bahamn 4 s
Cirnnd Turk K| Do
Bermuda. . . 48 | NASA-Contract
Atlantie Ship 10 DOD-AMBR
Canary Islands -y : i [ | M| NABA-Contriet
Kano . o . ) 1o
Zanribar ; | 20 | Do,
Indinn Ocean Ship 1| DOD-AMR
Muchen, Australin 2 | WRE.
Woomern, Australia - . - i,
Canton Island 2 DOD-PMR
Hawnlf : 2% s
West Mexleo LR M| NASA-Contraet,
Californin 2 DOD-PMR
W hite Sands ! T | DOD-WEM
Teans g | BT
Eelin 7 | DOD-APGC

P WRE~Weapons Research Establishment, Woomera, Australin,

The project has now crossed the threshold of a major flight test
program of short- and long-range ballistic flights, leading first to
unmanned, and later on to manned orbital flights late in 1961 if all
aoes well,

Project Mercury is being pursued with the greatest sense of urgency.
This urgency stems from the fact that the project will supply answers
to many questions that must be answered before one ean proceed with
the next step in the manned space flight program. DBefore future pro-
orams can go very far downstream, much must be learned about man's

l}hl-llllllt"ﬂ i space and about the general technology of manned space
fll;{hh

As mentioned previously, Mercury carries a national DX priority
rating, But a DX pr lor it\' I"lTill.‘_!' alone does not assure that a |I‘I"Ilit‘ll
will move forward with great speed. The implementation of a project
such as Mercury demands, on a continuing basis, boundless energy,
enthusiasm, and determination. Work on P roject Mercury, both at
the contractor’s facilities at St. Louis, Mo., and the Mercury facilities
at Cape Canaveral, is proceeding on a three-shift, T-d: av-n-week basis,
All members of the Mercury team, be they in NASA, DOD, or in
private industry, are making every effort to meet the goals n-.-:luh!ir-lu-:i
for them.,

It must be recognized, however, that Project Mercury is a research
and development program, and therefore, does not lend itself to the
firm type of scheduling that typifies a production program. Instead,
it 1s only possible to establish target dates with the full recognition
that such target dates must be ¢ [mwrwl as new knowledge 1s o ained or
the complexity of the problems confronting the development become
more clearly defined and schedules reoriented to overcome them.
After all, if there were no problem to overcome, there would be no
need for a research and development program.

In Project Mercury, target dates have been established for every
facet of the operation. These include target dates for delivery of
components, subsystems and complete capsules. Also included are
target. dates for capsule preparation sequences and launch periods
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INFLATABLE STRUCTURES IN SPACE

FRIDAY, MAY 19, 1961

Hovse or REPRESENTATIVES,
COMMITTEE ON SCIENCE AND ASTRONAUTICS,
Washington, D.(.

The committee met at 10 a.m., Hon. Overton Brooks (chairman)
presiding.

The Cinamraman. The committee will come to order.

Mr. Kixa. Mr. Chairman, could I mention that we have with us the
distinguished Clongressman from Minnesota, Mr. Albert Quie, who is
here by virtue of the fact that Echo I was fabricated in Northfield,
Minn., which 1s 1n the distriet of the gentleman from Minnesota,

I think the record should show that he 1s here as a visitor.

Mr. Hecnvner., I would like to join in welcoming my colleague, Mr.
(Quie, to the committee,

The C'ramryan. We are happy to have vou this morning, Mr. Quie.

This morning we open a 1-day hearing on the matter of he pote ntial
uses, problems : and funding, and researc +h and development on “Inflat-
able Structures in Space.”

We have a good many witnesses this morning. I think it 1s entirely
proper that we follow the hearings that we have had by this one on
“Inflatable Structures in Space.”

We have, of course, our distinguished colleague. We want to hear
from him in just a moment.

We have Mr. 1. K. Loftin, Jr., Technieal Assistant to the Director
of the Langley Research (Center of NASA : Mr. William J. O'Sullivan.
Space V ehicle Group, Langley Research Center, NASA: Mr. Robert
W. Richardson, vice ]}Il""-u]{li"llt (Goodyear Aireraft Corp.: Dr. Robert
S. l{{:ha Goodyear Aireraft Corp., and Mr. Robert T. Madden, Good-
vear Aireraft Corp., also.

“ e are glad to have these gentlemen here with us this morning.

Mr, an I know of your interest, because I just talked to you.

It is customary for the committee to hear the Members of ONEIess
first. If you have a statement you would like to give us on this, we
would be glad to have it at this time.

Following that, we will be glad to have yon come up and sit with

the committee and stay with us as long as vou like.
Mr, Quie. Thank you, Mr. Brooks.

STATEMENT OF HON. ALBERT H. QUIE, A REPRESENTATIVE IN
CONGRESS FROM THE FIRST DISTRICT OF THE STATE OF
MINNESOTA

Mr. Quie. My name is Albert H. Quie, Congressman from the First
Distriet of Minnesota. _
I appreciate the opportunity to appear before the committee,

1
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I will have to decline from accepting your invitation to stay with
you this morning, since our Education and Labor Committee is meet-
ing and we have some problems confronting us there, as vou so well
know.

In Minnesota and in my congressional district we are indeed proud
of the work that is being done by one company in Northfield. So
often out in the Midwest—and I come from a little farming commu-
nity next to Northfield, Minn.—we tend to think of space exploration
that is being done some distance away, a long ways away, and people
have wondered 1f they would see anything like that u{'{'mlujliﬁimd In
their little community. We were indeed proud when the Schjeldahl
Co. in Northfield, Minn., played such an important part in the con-
struction of Echo I and now Echo II. The community is really
enthused about what is being done. They feel the old pioneer spirit
and their esprit de corps in these space endeavors would surely ignite
one’s faith in America; these people, no matter what their job is in
the part of fabrication, are so enthusiastic that when called on they
have been willing to practically work around the clock.

As we read of this person, Commander Shepard-—people had kind
of lost faith with the Americans, and he renewed their faith in
themselves.

I think if you could come out there and see that company, too, you
would have a renewed faith in the American people.

I feel inadequate, speaking here upon such a technical subject, be-
cause I have no technical experience, myself. For that reason I was
glad T was able to speak first, because I would surely feel inadequate
after hearing some of these other men like Mr. O’Sullivan, whom 1
have heard so much about, not only read about, since Mr. Schjeldahl
speaks of him in glowing terms.

We in Minnesota and that area are indeed proud of the work being
done.

At thistime, I would like to include in the testimony a statement by
Mr. G. T. Schjeldahl—the head of the G. T. Schjeldahl Co.:

ERECTABLE AND INFLATABRLE STRUCTURES IN SPACE
By G. T. Schjeldahl Co., Northfield, Minn., May 24, 1961

Having already ventured briefly into space, man is developing a host of
vehicles and capsules to propel him and protect him as he soars into the inter-
planetary void. Highly complex rocket systems and compact and efficient space
capsules will of course play the major role in helping man leave this Earth for
parts unknown.

Yet man, as he plans for his most epic voyage, is turning his attention to the
same spectacular device that enabled his predecessors to leave the ground some
two centuries ago—the balloon and its modern counterpart, the intflatable satel-
lite, or “satelloon,”

THE INFLATABLE BTRUCTURE IS8 ALREADY IN ORBIT

On August 12, 1960, the National Aeronautics and Space Administration shot
into the heavens the largest volume satellite ever thrust inte orbit—Echo 1.
This 100-foot diameter plastic sphere, designed and manufactured by the G, T.
Schjeldahl Co. of Northfield, Minn., is still in orbit—a visible symbol of American
creativity for all the world to see.

The Schjeldahl Co. is already at work on other space inflatables, These
include the forthcoming Echo ITI on which suceessful inflation tests have been
concluded by NASA, Langley Research Center, and Project Rebound in which
several inflatable satellites will be launched in orbit from a single rocket carrier.
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All these inflatable satelloons have a common ancestor—the balloon. But
while the balloon is designed to go up and come down again within a very
short period of time, the satelloon is so constructed that it will remain in orbit
for extremely long periods—perhaps many vears.

The inflatable satellite, such as Echo I and Echo II and other satellites devel-
oped by the Schjeldahl Co., must be precisely engineered and sealed by means
of a super adhesive that will withstand the hostile environment of space. The
Schieldahl Co. has developed such an adhesive—ealled “Schjel-Bond 301, which
has held Echo I together for nearly a year despite the ravages of extreme tem-
peratures, radiation and low vacuum.

AN EFFICIENT AND ECONOMICAL DEVICE

The inflatable space satellite is an efficient and economiecal device that can be
packed—uninflated—in a small canister, shot by rocket into space and then
inflated to become a massive satellite, perhaps 100,000 times its uninflated
volume. It can be prefabricated in an unlimited variety of shapes and sizes to
perform specific functions, such as reflecting electronic signals, gathering solar
energy, providing safe shelter for man in space and for storing gases and fuels
in space.

Up to the present time, inflatable space structures have been used mainly to
reflect electronic signals. Man's first space balloon, the Robin ( Rocket Balloon
Instrument ), is a one-meter diameter Mylar sphere with a built-in corner re-
flector for ground radar tracking. Robin was designed, developed and built
by the Schjeldahl Co. for meteorological purposes. More than 200 of these
unique devices have been shot by the 17.8. Air Force to altitudes of about 50
miles, inflated and allowed to drift back to Earth., The radar plots of their
corner reflectors yield such meteorological information as wind direction, wind
speed, air density and air temperature.

PASBIVE BATELLITES

Robin is an example of a “passive” communication satellite, “Active" com-
munication satellites carry into space a radio receiver and transmitter so that
they can receive signals from one point and relay them to another point. The
active satellite must carry its own power or possess the means of deriving power
from external sources. It has certain inherent disadvantages: (1) it cannot
be repaired in space if something goes wrong and (2) its signal can be jammed.

The passive communications satellite is in effect one or a series of electronic
“mirrors” in space which reflect signals beamed to it from the ground. Such
signals, since they are beamed, cannot be jammed.

This Earth's only orbiting passive communication satellite is Echo I, launched
by the National Aeronautics and Space Administration August 12, 1960, from
Cape Canaveral and still cireling the globe 1,000 miles out in space. Echo I
was manufactured by the Schjeldahl Co,

Jcho I's chief disadvantage as a passive communication device is the low
ratio of power of the reflected signal to that of the projected signal. This low
response is due to the fact that it is spherical. Althoungh Echo I is 100 feet in
diameter, the effective reflective “disce” is only a foot or 2o in dinmeter, because
the surface of the satelloon is extremely shiny.

Echo 11, 135 feet in dinmeter, which only recently was subjected to successful
ground inflation tests at Weeksville, N.('., has a duller surface than Echo I and
will present a much larger reflective surface and hence will provide a greater
ratio of response to input signal.

ECHO II 60 TIMES STRONGER THAN ECHO I

This material in Echo II is 50 times more rigid than the material used in
Iieho 1. 1t is a laminate consisting of two layers of aluminum foil only 18
hundred-thonsandths of an inch thick bonded to a center sheet of Mylar 35 hun-
dred-thousandths of an inch thick. The rigidized spheres will weigh about 500
pounds each.

When Echo II is inflated in space, the folds and wrinkles it receives as a
result of packing will disappear. When the sphere is punctured by meteorites,
releasing its inflation agent, it will not deform, for it will not “remember” the
folds and wrinkles it inecurred in its *“fetal” position within the rocket's
canister,
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At the present time, the Schjeldahl Co. is working with the Goddard Space
Flight Center of NASA in developing a 200-foot diameter inflatable plastic
sphere for rebounding signals from one satellite to another. Goal of the proj-
ect—called Rebound—is to produce a new light weight material that compares
in strength to the material of Echo 11. This will be accomplished by chemically
“milling” out a pattern of circunlar “windows" from the aluminum, leaving the
Mylar membrane intact. The network of aluminum arches remaining will
preserve the rigidity with an accompanying—and desirable—reduction of weight
amounting to about 30 percent.

SEVERAL BATELLOONS IN ONE ROCKET VENLICLE

Project Rebound will concentrate on placing three inflatable satellites in a
circular orbit from one rocket vehicle. These will be spaced at predetermined
intervils in order to test their effectiveness in bouncing radio signals from one
satellite to another, thereby extending the range of radio wave propagation far
heyond that of a single satellite, such as Echo I and Echo 11,

Launching of the first three Rebound satellites is scheduled during the first
quarter of 1963. A launching of six Rebound satellites from a single rocket to
form a “string of beads” around the Earth will occeur sometime in 19464,

In a move to increase the signal response and directionalize it, the Schjeldahl
Co. is proposing through the Wright Air Development Division to create a new
and different series of inflatable passive satellites. This new inflatable will be
comparable to a chandelier in space, containing a multitude of small reflective
units which will vastly increase the strength of the reflected signal. Moreover,
by maintaining a specific attitude with respect to the Earth's surface as it or-
hits, the satellite will project a “cone” with =signal strength maximum at the
perimeter. Thus, a passive satellite in synchronous orbit—with its orbital speed
the same as the Earth's daily rotation—would project its strongest signal to the
horizon. Since synchronous orbits require high altitudes—approximately 22 500
miles—the “horizon”™ would be perhaps 6,000 miles away. Such a device would
become a tactical nonjammable communications device,

INFLATABLES TO AID ACTIVE BATELLITES

The role of inflatables is by no means confined to passive satellites. They
promise to be important to active satellites as well., Huge inflatable antennae,
precisely constructed on the ground, will burgeon out in space to enable maximum
propagation of the active satellite's signal.

The inflatable concept also will be applied in building all types of space struc-
tures. Present thinking at Langley Research Laboratories favors a “marriage"
of inflatables and erectables so that combinations of rigid members can be folded
into compact forms and “married” to an inflatable object in space. Such a method
shows great promise in the problem of creating space stations in which men ecan
survive the space environment. Similarly, inflatable components of wvarious
structural devices will be rocketed into space and inflated and rigidized. The
economy and efficiency of such a method of erecting devices in space are obhvious,

NEW MATERIALS BEING DEVELOPED

At the present time, the Schjeldahl Co. is conducting research in developing
new materials to withstand the space environment for prolonged periods. These
include combinations with mineral fibers that promise to be as strong as the
strongest steels. Other investigations planned are for the development of plastic
materials that will not burn—even in the searing blast of a plasma torch.

We believe that inflatables will assume a constantly increasing role in the
unfolding drama of the space age. Their economy and their ratio of collapsed
size to inflated size command their continued application.

LIMITLESS NUMBER OF MISSIONS

Leonard Jaffe, chief of NASA's communications satellite program, emphasizes
that inflatables can be designed and constructed to perform an almost limitless
number of missions.

“The feasibility of using a passive satellite as a communications reflector has
been established,”” he says. “The fact that Echo I did not completely collapse
upon loss of its internal pressurization material has indicated that the thin wall
structure is almost strocturally sonnd enough to withstand the space environ-
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ment, and that only a nominal increase in rigidity will provide long-life strue-
tures,”

APPENDIX A

The attached photographs pictorially illuastrate a NASA/Langley Research
Center conceptual design of an erectable space station. [The pictures in ques-
tion were not of reproducible quality and have been placed on file.] Note the
incorporation of an optimum combination of pneumatically and mechanically
erectable segments. This combination incorporates the best advantages of each
type component. The rigid sections contain all on-board apparatus, The
prneumatically erectable sections made possible the deployment and intercon-
nection of the rigid sections in a ready-to-use condition in a matter of minutes
with no requirement to bolt together the parts,

As with project Echo, the G, T, Schjeldahl Co. is following carefully the
evolvement of the research done in the Langley Laboratory. Development of
materials with which to accompiish this task i an area where GTSCo will make
a contribution. Fabrication techniques to translate the concept into an actual
test vehicle are nnder study by the company.

This is an excellent exnmple of the close teamwork between industry and
the government-sponsored laboratories, which should lead us forward in man's
conquest of space,

The Cuamgman. That was a great achievement. I think the peo-
ple of Northfield should feel justified pride in their contribution to
this major accomplishment in space.

We are happy to have you here this morning, and we will give your
statement our careful consideration.

Mr. Quie. Thank you.

The CratryaN. The next witness we have this morning is Mr. L. K.
Loftin, Jr., Technical Assistant to the Director of Langley Research
(‘enter, N 1"-1.:\.

Mr. Loftin, do you have a prepared statement ?

Mr. Lorrin. No, sir.

The Cuamryan. You came up to testify on this subject, So I am
sure you are familiar with it. We will be glad to have whatever state-
ment you care to give the committee on this s subject.

Mr. Lorrx. I only learned yesterday morning that I would be
expected to discuss inflatable structures today, so I have no prepared
statement, and I must apologize for not Ihn'ln;_f any large charts which
you can see. I do have some proofs which I nn;:hl pass around.
[ Nore.—The committee placed its request with NASA six days before
the scheduled day of the hearing.]

STATEMENT OF L. K. LOFTIN, JR.,, TECHNICAL ASSISTANT TO THE
DIRECTOR OF LANGLEY RESEARCH CENTER, NATIONAL AERO-
NAUTICS AND SPACE ADMINISTRATION

Mr. Lorrin. In speaking of inflatable structures, I think it might

be appropriate first to point out why it 1s we should be interested in
these things, anyway.

Basically, there are two reasons:

First of all, it takes many, many pounds of propellant to put. one
pound of payload in orbit. We all know this. So that anything we
can do to make the payload light is all to the good. This is one reason
that we are interested in lnﬂﬂ.tuh]ea

Another reason, which 1s perhaps not quite so well understood, 18
this: There are many applications in space for which we would like
to have a craft in orbit which is large in volume, such as a space sta-

T0468 0—61——2
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tion, or large in area, such as a passive communications satellite,
However, when one looks at the launch problem, it becomes obvious
that a very real difficulty exists in trying to mount a very large pay-

load on the end of a rocket. This difficulty is associated with the fact

that the rocket must go through the atmosphere before it reaches orbit,
and with this very large area on the front, we encounter an aero-
dynamic stability which is quite large, {lt‘[ll’lltlitlg on_the size of the
thing we put on. You can, of course, lick this by putting on fins or
something of this sort, but this is heav y. Even more importantly,
even 1f you put the h]h on, you are encounter img very large bending
moments in the missile, lt'at:]f so 1t has to be redesigned.

So that, in a nut shell, what we want to do for these large payloads
is to squeeze them down into a small package on top of tHw boost
vehicle, get it into orbit, and then in some fashion allow it to blossom
into its desired shape.

There have been many applications proposed for inflatable vehicles.
I‘Lrhﬂ]h I should really say erectable for one can have such vehicles
either by inflation or by some means of mechanical erection or some
combination thereof. llw-. is really what we are talking about.

Things such as communication satellites, solar collectors, corner re-
flectors of one sort or another, reentry vehicles, space stations, have
been proposed to employ inflatable- -type structures or erectable strue-
tures. Rather than go through the many applications that one might.
conceive of, in which an erectable structure would be :1]}}1111:[111]9 1
thought you might find it of some interest if we would discuss with you
some of the specific work which the NASA has done on illﬂl‘lhl}}]l".
erectable structures.

First, I would like to describe to you briefly some of the exploratory
resear ~h which we have done at I.-.m;.r:lev Research Center, aimed at an
attempt to find and clarify some of the problems which one would have
to overcome in applying the erectable concept to a manned vehicle.
We have not been developing a manned vehicle. As I say, we have
been studying what we would consider to be salient or pertinent prob-
lems which would have to be solved.

Secondly, Mr. O’Sullivan, who is sitting on my right here, will dis-
cuss with you some of the work which we have done and some of the
experience which we have had in actually :1|wph ing the erectable tech-
nique to unmanned space vehicles such as Ec

o talk now about the manned space station, we at Langley started
thinking about the use of inflatables for such a vehicle about 2 years
ago. In order to try to fix what the problem areas were that we should
be looking at, it was necessary to arrive at some sort of a concept of
what the vehicle might look like.

I have some photographs here of an early version. These pictures
were—this model was designed and constructed not as a proposal for
a space vehicle, as I say, but rather to permit us to fix on what kind
of problems you would run into with something like this and what
studies we should make.

If I could pass these around. They are in sequence. They start by
showing what the vehicle would look like on top of the rocket. Then
as you pass down the group of pictures you will see this craft slowly
blnssnmmg out. The toroidal shape, which is in the form of sausage
links in this case, would be the living quarters of the crew.
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The apparatus which looks like an umbrella is a solar collector,
which would supply power to the power plant.

The various other pieces of npa: aratus on there are sun seekers, star
seekers, various guidance and stabilization systems.

In Iunl{m:r at this there were several pt*nhlnrm that were apparent
to us that we should study.  One of the most obvious ones was that of
the material, itself, that we can construet this toroid out of. It has
to withstand the space environment. ‘T'his means that it will be sub-
jected to various type of radiation. It will be subjected to high

acuum. It will be subjected to temperature cycling, and we don’t
know the effects of these phenomena on the material as to its brittle-
ness: does it become brittle with time? Does it tend to evaporate or
boill away? We don’t know what the micrometeorite problem 1s here.
We don’t want to puncture this thing. Finally, we did not want a
material which would outgas in such a w ay us to provide poisonous
or noxious odors inside.

We undertook a study of material properities. The Goodyear Air-
craft Co. undertook a set of studies. l]u*}' provided us with some
samples, and we more or less worked in cooperation on this, At the
present time we have subjected many samples of materials to a
vacuum environment which is about 10-* of mercury. We have sub-
jected 1t to radiation, and to temperatures up to about 300 degrees,
FFahrenheit.

The things we have found out are these: We have found materials
that do deteriorate, which one would not use for such application.
On the other hand there are other materials one can use. What it
boils down to is the material problem is not a critical one in the sense
that it does not require any fundamental technological breakthrough.
[ think we can find the material. We may have to search some. But
it looks like something we can do.

With regard to the micrometeorite problem, we haven’t done too
much on this. We are making some experiments now, In that con-
nection I would like to show you another group of pictures here of a
somewhat different concept of an orbital space station which involves
some inflatable elements and some mechanically erectable elements.

As you look at this sequence, T think you will see that what this
really is is a series of cams that are actually rigid. These unfold
and are connected by inflatable components. T his sy ystem has a number
of advantages. One of these is that large portions of this erectable
structure are in fact rigid and ean be protected from micrometeorites,
It is not an unusual plnhlﬂn So you could put air-lock-type doors
at the ends of these compartments and close them up. And then when
you wanted to go around this toroid you could open them and go
through the inflated portions. This 1s another concept of the way
one mlp‘]u do it,

I have a couple of samples of the kinds of materials that we have
studied. They actually look pretty mm-h like pieces of rubber. These
I believe were provided by Goodyear. They are three-ply with nylon
cords, and they have a butyl Pl.mtnnmr—-tlnu 1s the rubber-like mate-
ial that sticks it together. It weighs about six-tenths of a pound per
square foot. ; .

Talking about these materials, another area which we have looked
into and are looking into is that of how best should you make the in-
flatable portion of the vehicle. One way of doing it is to make plies
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of material very much like this, three-ply material. Another way of
doing it is to make a sort of network-like cage and inflate the rubber
portion within it., But there are other ways, too. We at present have
some studies underway under a contract of a technique or a concept
which is referred to by the name of Isotensoid. I don’t know who
really cooked this name up. It is a different way of putting the cords
in and reputedly this system would allow you to develop a strength,
the required strength for a much lower weight. Whether it will in fact
turn out this way we don’t really know. We have a model which has
been built and which we are going to do studies on to determine
whether there is really anything in this method of construction.

Another area we have looked at is that of dynamics. If one rotates
one of these space stations to provide artificial gravity, which may or
may not be required, then there 1s an interesting dynamies pmbfem.
We have done analytical studies using analog computers and things
of this nature, in which we put in effect masses representing men in
different parts of the vehicle, and although they have no weight in
orbit, they do have mass. When a man walks from one part of the vehi-
cle to another, he changes the mass distribution. The analog computer
study shows that one can then experience some wobbling motion, var-
ious types of perturbations of the vehicle. We have done some work
on what is called a wobble damper, a possible scheme for getting
around this problem. Perhaps more importantly, we are looking to see
whether there is really a problem. We have built a 10-foot diameter
elastically scaled model n} this eraft. For such a model the mass dis-
tribution is correct. It has the correct stress characteristics, and you
would put the correct pressure in it. We intend to rotate it on a free
mount with diffeent distributions of mass within the vehicle to deter-
mine what the motions are and to determine the coupling between the
overall body motions of the vehicle and any vibration modes which
may develop in the inflatable structure, itself. This model has just
been completed. We should get underway with this fairly soon.

Another model which is under design deals with the thermal balance
of the vehicle. You have the vehicle in orbit with the Sun on one
side, the reflection from the Earth on the other side; you have power
plants and things of that nature in it. There is a question of what is
the temperature distribution in this vehicle and how do we have to
paint it, Do we make 1t black so it absorbs radiation or do we make
it silver to reflect and in what proportions and this sort of thing, to
obtain an environment within the vehicle which is suitable not only
for the occupants but also for the equipment which we are required
to operate. -

This is a model which is under design. It is not a terribly easy
model to design beeause of the scaling laws, but we are working on
this.

One further type of model, and this is a fairly large one—it is 24
feet in diameter—is being constructed for us by Goodyear. This is a
mutual arrangement. I believe we are funding about half of it and
(voodyear about half of it. This again 1s a research model. What we
hope to do there is to learn something about how you package one of
these things. You talk about squeezing it into a small bundle, but you
don’t just pick up and squeeze it. It has to be done in a fairly exact
way.
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for all flight tests. As is always the ease in a complex re
search and :It*\'u'h;lmn'lll Progran, some of these target dates have been
met ahead of schedule, others on schedule and some behind schedule,

Setbacks in the fhight rest (s alification progran have become apparent
and should come as no --III!|.1H=~{‘ since this 1s the most ertieal Imlllf
i any development program. All of the major nnssile and aireraf
programs have experienced them. This 1s a natural result of the
hllll;_»:‘lrt"' together mmto an integrated svsten all of the many new
developments which go into the makeup of the project, [he :!rm! of
the design is in the flight test program., and target dates are nnr predi-
cated upon farlure, but PO SUCCess,

Perhaps the most important target date in the overall Mercury
schedule is that for achievement of manned orbital flight. Dr. Dry
den. Ih-]mt'. Admmmstrator of NASA, in congressional |i"-|1|||ll'[t"|.. iH
1958, implied that this mission could be accomplished sometime i
1961, If no setbacks are encountered during the thght qualification
Progrin, i1 ]Hl‘w"-tlill‘ that this target date URELN b IIH'T However,
as stated earhier in this report, the critical 5u||ml in the thight test
program is just now upon us, and Dr. Dryden’s statement must be
considered as n project target goal to be strived for and not a hard
statement of fact,

fh-’-'m.r'f.!.uqr 1t af [efense -'H‘,|u‘;uu'.|" it f’.ﬂﬂjp et M rewry

The Department of Defense provides a very broad range of support
to Project Mercury. The Air Foree Ballistic Missiles Division sup
phies and launches Atlas vehicles. The Air Force also provides wr
1"esene :"'l'l"l'i'l'i" :I.I”“l‘l':lrl rul‘ '-".'li'l"l”h" "'l.'”lll'h :l“'l I'i'l*ll'lu":"l'_'lh' lllli'llf"lii‘l“"‘.
mapmaking services of the Aeronautical Chart Information Center,
the loan of aireraft for net work station checkout, and astronaut normal
thight and zero-g tramimg, Atlantic Missile |{;t||:_*1- lanunceh facilhities,
control center facilities, medical support at Cape Canaveral and
remote stations, and the use of existing network facihties and man
power a several Mercury network stations.  The Aerospace Medical
Center of the Air Force has also given assistance in astronaut training
and has .-u]rpliml animal test !m:']mu‘v- for use during the Mercury
flight test program.

The Army has loaned tracking equipment to NASA, has made
White Sands Missile Range :rmmul facilities available for network
use, and will provide a substantial share of DOD medical support to
Project Mercury: has supplied communications equipment and an-
phibious vehicles for use in possible launch site recovery operations.
I'he Army Redstone launch vehicle will be used for unmanned and
manned ballistie fhghts,

The Navy has been given and accepted the responsibility for the
Hl*l'!*l-’l!'}' r-[nh'i'l'l':lf! ecovery H]Ii'l':llillll.'- The .""H recovery coll-
mander will have elements of the Atlantic Fleet and Air Rescue Sery-
ice at his command for effecting rapid recovery of the capsule.  De.
stroyers, landing ships, dock, miscellaneous service vessels, Marine
helicopters, patrol aireraft. and early warning aiveraft will all be
utilized for search and recovery oper ations.

The Navy is also providing assistance in the construction of the
Canton Island network station. has loaned commander transmitter

equipment to NASA, and has given a number of tracking radars
to NASA,
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To give you an idea of what I am talking about, I again have some
photogra phs.

This is a small model that we made, which shows it fully inflated,
and then the various sequences that you must put the thing through in
finally folding it up into a small package,

When we get this rather large model, ‘this is the kind of work which
we will be doing with it.

There are also some other questions of internal arrangement, and
S0 06,

To summarize our feeling on this, I think we can say something hke
this:

So far as we know, so far as we have gone at the present time, we
don’t see that there is required any fundamental scientific break-
throughs that are required in order to design one of these things.
HHowever, we have not undertaken at the Langley Research Center
a detailed engineering research design study. Tf such a study were
undertaken, you might run into some problems that we haven't been
smart enough to think about that are fundamental. I don’t know if
yvou would, but you could.

In such a eareful engineering design, this is a long-term proposi-
(ion. We are not really sure when you got all done whether you would
have something vou really want or not. This is something that can
only be found by a eareful {li“s‘P]{JTl]lll‘Htll] design,

I think this is about the status of our feeling on it at this time.

This concludes what I have to say about space stations,

Mr. O'Sullivan can talk to you some about the actual experience
we have had in developing actual inflatable satellites, two of which
are now in orbit.,

The Cramraan. To save time, we will hear from you at this time,
Mr. O’Sullivan.

After that we would like to ask both of you questions.

STATEMENT OF WILLIAM J. O'SULLIVAN, SPACE VEHICLE GROUP,
LANGLEY RESEARCH CENTER, NATIONAL AERONAUTICS AND
SPACE ADMINISTRATION

Mr. O'Svriivas. I, too, must apologize for not having time to what
[ consider adequately prepare for this hearing, because yesterday I
was at Weeksville, N.C"., participating in a structural test npon “hdt
we hope will in time become the Echo II satellite, which would be a
prototype of an operational version, rigidized operational version
of a long-range communic ations satellite of the passive type.

I came by the laboratory and I picked up some hnnpllvn vesterday
of the materials that we are employing in connection with this rigid-
ized version of the communications satellite, because they illustrate
some of the problems that we are faced with in trying to build erect-
able structures that can survive the environment of space. These
samples I believe will illustrate ways in which we have found solu-
tions to these problems.

I have here some photographs, which unfortunately are nnt large
because they were taken yesterday with a Polaroid camera, and 1
brought them with me in my pocket, showing the test of I]w Echo 11
satellite.

I will pass these around,
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This satellite is 135 feet in diameter. The test that we were per-
forming was for the purpose of proving that structurally it is strong
enough to withstand being pneumatically erected after being trans-
ported into space, and we were quite fortunate in proving that.

We have designed it such that 1t will encounter, tlllli‘ to the internal
pressure used to inflate it, a stress within its skin of approximately
4,000 pounds per square inch. We inflated the satellite to a pressure
such as to produce this stress within the skin, and we held it there
vesterday for 414 hours without even the faintest sign of failure.

To determine the factor of safety that we have in the design, we
then increased the pressure inside of the satellite until we reached
the point of rupture of the satellite. We found that it ruptured yes-
terday at a skin stress of 18,000 pounds per square inch. This means
that we have a factor of safety of four and one-half. The satellite is
L‘.ﬂllmblﬂ of withstanding a pressure four and one-half times that which
will be the maximum required for inflating it in orbit.

I have here some material of which this satellite is constructed.
It has been made of a laminate that consists of a plastic film whose
thickness is .35 mil, that is, .35 thousandths of an inch thick.

Into each side of this has been bonded an aluminum foil of two-
tenths of a mil thick. This gives a three-ply laminate.

This concept of a material which could be compaectly folded for
transport into orbit and there pneumatically erected to shape is one of
our ideas that we developed in the NASA of how we can build this
erectable structure.

I would like to pass some samples of this material around.

This illustrates one of the ways of solving the space environment
problems.

Let’s consider first the problem of compactly folding and transport-
ing into orbit.

Ve can fold this satellite, which 1s 135 feet in diameter, into an ap-
proximately spherical container which is only about 40 inches in Ji-
ameter, transport it up through the Earth’s ﬂt!‘t’lﬂﬁII}]lE'l'P. and there
erect 1t after it has gotten into space. This avoids the first problem
that Mr. Loftin mentioned, namely, the problem of the stability of our
launching vehicles. If we have a great big object, we can not place it
on the front end of the launching vehicle because it causes aero-
dynamic instability. The concept of having an erectable structure
overcomes this difficulty.

The next problem that we have to face in space, after it has been
pneumatically erected, is the problem of rigidization, in the case of the
communications satellite.

Here in the case of a space station we are faced with some such
problem as that, too. The problem comes about because of the cosmic
dust which will undoubtedly cause puncturing of our space station or
our satellite.

In the case of this Echo II satellite, the skin has been made suffi-
ciently stiff and rigid so that once it has been drawn out and set into
spherical shape, we no longer require the internal pressure to hold it
spherical. It can be punctured by micrometeorites and it will not
change 1ts shape; it will not collapse. We know this is so from our
tests.

In the case of the Echo I satellite, which is now in orbit around the
Earth, we designed it not as a rigid structure but merely as one which
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was to last a short time, retaining its spherical shape by means of an
internal pressure. We believe that it lost its internal pressure ap-
roximately two to three weeks after it was placed in orbit.  Yet it
s not greatly changed its shape. It is still essentially spherical.
This 1s because the forces that tend to deform it are quite small and
because even the skin of the Echo I satellite is almost sufliciently stifl
to retain its spherical shape.

With the skin that we are employing on this larger Echo IT satellite
we are quite confident it will retain the desirved almln- so 1t 1s n good
high quality communications satellite.

We think the same concept of a material that can be folded for trans-
porting into orbit and then stretched out pneumatically, set into shape,
can be employed with regard to space stations. The |:1uhl£~1n of pro-
tecting the material against a harsh environment of space is also ac-
¢ mnp]himh]ﬂ in this manner with such material as this.

We know, as Mr. Loftin has mentioned, many materials in the very
hard vacuum of space will evaporate. In the case of the samples
that we have passed out we have aluminum foil on each side of the
plastic film. This forms an excellent vapor barrier so that the plastic
can not evaporate.

We can also by choice of the plastic material select those which have
large molecules and by the treatment of polymerization, make the
large sections of the vehicle into what the polymer chemists would eall
one very large molecule. The importance of that is this:

The material evaporates in space only by virtue of its vapor pres-
sure, that is, the pressure of the gas that it generates as 1t evaporates.
The larger the molecule we -?mplm the lower the vapor pressure at
any given temperature. By this process of polymerization we can
produce molecules not of the or« llumrv size that we encounter in
chemistry but of sizes tens and hundreds of thousands of times bigger.
Their vapor pressure becomes so fantasticly low that we do not have
Instruments capable of measuring it.

This prevents also evaporation in space.

To protect against ultraviolet radiation we have run tests which
tell us that by employing a very thin metal covering over our mate-
rials, we can shut out the ultraviolet radiation. We have subjected
I}ﬂl}'lni‘l"ﬂ to a radiation under ultraviolet lamps for long periods of
time. Wae find that without such protection as this they do degener-
ate in time and become somewhat embrittled. By the simple process
of using a thin metal foil we can prevent this.

With regard to the problem of thermal balance, we have in our
research discovered that we can put layers, coatings, on this material
which are so thin that they have the thickness of only a few molecules.
Yet we can by this process adjust the ratio of the absorbtivity of the
surface such that we can bring the temperature balance of our satellites
or space stations to that which will not be too hot nor too cold, and
the materials will survive in space. virtually indefinitely.

There are a number of other problems that we have found solutions
toin thismanner. T would like to point out the facilities of the NASA
are as yet too few and meager in number to be able to carry out all
the basic ideas of how to build space stations or satellites that we have
been able to discover. We have been compelled to call on industry
to follow out the exploration of these ideas, and recently we placed a
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contract with the Hughes Aircraft Co. to investigate approximately a
dozen concepts of producing rigidized materials in space that could be
compactly folded, transported into orbit and there caused, after erec-
tion, to shape, to become rigid.

This exploratory work has resulted in some very promising, al-
though not yet ready for use materials, and this gives us great hope in
this field.

In this field further work is required.

I think that Mr. Loftin is quite correct in stating that we have not
as yet encountered any fundamental barrier to the ability to produce
long lifetime satellites or space stations; that, however, there 1s a
considerable amount of engineering work required in order to trans-
late this exploratory research that has been done in the laboratories
into actual usable hardware or materials, fabrication of materials
that would be suitable for employment in space stations.

I thank you gentlemen.

If I could answer any questions that may have come to your mind,
I would be delighted to do so.

The Cramaman. Thank you very much.

I think we all have a good many questions. I would like to ask
you this, for instance :

A man in one of those stations goes up in the capsule, doesn’t he?
How do you get him from the capsule to that circular station?

Mr. Lorrin. There has to be a passageway, a really inflatable pas-
sageway that would lead from the capsule mto the toroidal portion
of the space station.

I didn’t make this clear. The toroidal space station does not re-
enter the atmosphere. When the crew gets ready to come home, they
oo back through the passageway into the capsule, close up to the cap-
sule, disengage from the toroid and leave that in orbit and reenter
the capsule. The toroid itself is not suitable for a reentry-type
vehicle.

The CramryMan. You are just going to allow that to float around
in space’?

r. Lorrin. This is one possibility.

Another thing you might do, depending on what size of operation
you are talking about, is to develop the capability of rendezvousing
what vou might call a space ferry, a reentry-type vehicle, with the
space vehicles, so that as one capsule left to take one crew home, an-
other one could come up, perform a rendevous maneuver and trans-
fer a new crew in. This 1s a much more sophisticated-type operation.
Ultimately something like this could perhaps be worked out.

The Crnamryan. You state the body up there in space will not have
welght ; that they will have mass. What effect will the mass have on
the materials which vou use for the station?

Mr. Lorrin. I think the thing we have to worry about with regard
to mass, as I pointed out, is the dynamics of the situation, that is,
when this thing rotates and you move mass from this part to this part,
you are changing the center of gravity—this is a hm'lpwm'd to use be-
cause we don't talk about gravity up there—you are changing the
center of mass of the station so it will tend perhaps to rotate around
a new center or oscillate in some way. I think this is the context in
which we need to talk about mass.
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It doesn’t really affect the materials except perhaps in this way:
If the man in some way propels himself from one side of the station
to the other, propels }]]IIIE’E‘]} hard enough, we want this material to
be strong enough so he doesn’t break through and go out on the other
side.

The CuamrmaN, He still has momentum ?

Mr. Lorrin. Yes, sir.

The Craamrman. To offset the momentum, you have to have a ma-
terial sturdy enough to resist it ¢

Mr. Lorrin. That is correct.

The Cramaman. You will substitute for the gravity the use of
centrifugal force?

Mr. Lorrin. This is a possibility. We don't really know whether
this is necessary. If in %lltl]l'ﬂ manned space operations it is found
desirable to have some simulation of gravity, although FE‘I‘]IH[]H not
the full one g, perhaps a quarter of a g, it would be possible to rotate
this thing such that the centrifugal force would simulate, as far
as the man knows, the effect of gravity. You would Lave to be u
little careful about this. There are some effects—as 1 understand it,
and I am not too familiar with this subject—on the inner ear that
come Into play if the radius of the space station is too small and i
rotates at too high an rpm, there are some secondary effects that are
supposed to occur which can result in nausea or something of this
nature,

The CraairmanN. Like seasickness?

Mr. Lorrin. Yes.

I am certainly not a medical expert, so I don’t think I can speak
with much authority on this,

The CrairMaN. Any questions?

Mr. Karru. What would the primary function of this so-called
space station be?

Mr. Lorrin. It could have many functions, We are not really
proposing a space station. What we are doing here is saying if you
want one, we would like to look into the problems of how you
might make it. If you ask the question, though, what could you do
with it, there are a few 1deas that come to mind.

For example, if ultimately we want to send a man on a long space
journey that takes weeks at a time, such as journeys of such a nature
that once he is committed to this, once the rocket is finally burned
out, he 1s going to make that journey and he can’t come back until
he has gone around to where he is going to go and then he is going
to come back, before we do this, one might say it would be desirable
to have a space station in orbit where we could put men, materials.
different kinds of mechanisms, we could put them up there for weeks
at a time and see if there are any undesirable effects that we have
not foreseen. If these effects crop up, then you bring the man back.
You could get him back from there. This is one possibility, one way
in which you could use this.

Mr. Karra. You are talking about long distance space flights then,
much longer than from here to the Moon ?

Mr. Lorrin. Yes. You might even call it a space laboratory.

Suppose you wanted to know the effect of long-term space exposure
on certain kinds of materials. We can simulate it only to a certain

10468 O—461 a4
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extent on Earth. It would be nice to go up in the environment you
are going to have to be in to do your experiments.

hfr. ARTH. Are we proceeding with the actual construction of a
vehicle of thistype?

Mr. LoFrin. No, sir.

Mr. Karra. Do you have any plans?

Mr. Lorrin. We at Langley have been studying this particular con-
cept as a research problem to try to see what the I}I'E}}J{llllﬂ are. If a
space station is a thing that is desired, then I think this concept as
well as other concepts should be subjected to the most careful engi-
neering evaluation to determine which way in fact do you really want
to do this job. This is one way of doing it.

Mr. Karru. Could it have any communications capability ?

Mr. Lorrin. Yes, I suppose scientific observations of some sort.
Perhaps a telescope or something of this nature. There are various
missions that one can think of that would make desirable a station in
orbit around the Earth. The question of how you build this station,
whether you use an inflatable or erectable technique or use some other
technique, depends on what you want the station to do, how big it is
going to be, and a detailed engineering study of the thing. You
can’t just, on the basis of some i'esmrth explorations of particular
problems, say this is really the thing you want. It has to be subjected
to a very detailed engineering evaluation of various concepts.

Mr. Karru. We are talking about something that is in its very
infancy of research?

Mr. LortiNn. It has only been in the past two years that we have
worked on this concept. 1 believe the kind of thing that Mr. O'Sulli-
van talks about, the communications satellite, and so on, 1 believe that
goes back maybe five years, something like this, is that right ?

Mr. O’SuLLivan. Yes.

Mr. Karra. Let's talk about this big inflatable balloon that you
passed the picture around on.

This would be a passive communications satellite, is that correct?

Mr. O’Svrrivan. That is correct. It would be a prototype of an
operational version, in that it is designed to be capable of withstand-
ing the space environment for a period of 5 to 10 years.

I might suggest, since you asked the question, could a manned space
station be of value with respect to, say, communications, I think it
definitely could.

One of the studies that we have made at our research center has been
a comparison between passive and active communications satellites,
It 1s quite readily shown 1f you can postulate that the tubes and all
the components of a receiver and of a re-transmitter could continue
to operate for a period of 5 or 10 years without attendance, then it
would be very desirable to have an active type of communications
satellite.

I would like to recall that T believe 15 to 20 years of research was
required before it was possible to have amplifiers of sufficient reliabil-
ity that it was practical to put them in trans-Atlantic cables where
they couldn’t be readily hauled up and serviced. This is somewhat
the situation that we are in at the present moment with respect to
communications satellites. T think tEnt you can show that definitely
there would be great advantages to an active type of satellite, that is,
the kind that receives the signal and re-transmits it.
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Mr. Karran. How much work has——

Mr. O’Svruivan, The problem is that we do not yet know how to
build sufficiently reliable components, and we cannot be certain that
the environment to which we subject them here on the ground is the
same that they will encounter in space.

A space station might be employed in part as a research tool for
the development of active communications satellites,

Mr. Karr. From what you say, I assume NASA has made, shall
we say, baby steps in the direction of active comunications satellites
systems ?

Mr. O’'SvrLivan. Yes. We are pursuing that.

Mr. Karrin. You are very much in the state of infaney? The rea-
son I ask is because some of the groups of the comunications industry
who have been before the committee have indicated that they have
the capability to go ahead and construct an active communications
satellite and have it in orbit on an experimental basis within a year.

Would you care to comment on that?

Mr. O’Surrivan. I think we can put up an active communications
satellite in a period of a year or two that would be quite serviceable
with respect to research on how to build one that would have the capa-
bility of lasting for a period of 5 to 10 years. I think if we go into
the economics of the matter, it is necessary to have satellites that do not
have to be serviced over a period of, say, 5 years.

Mr. Karri. When you say “we” could do this in a year or two, do
you mean NASA or industry or a combination ?

Mr. O'Stvruvas. A good combination of NASA and the industry.

I think we have many good ideas that could be contributed to the
matter that would be of great assistance, and I think industry does,
too.

Mr, Karru. If NASA worked on an active communications satel-
lite system with the idea that they were going to themselves do the
job, how long would it take NASA to, shall we say, develop an ac-
tive communications satellite system ?

Mr. O'Svrnuivan. T think that is a very difficult question to answer,
because we do not know what are the problems that we are going to
face in trying to make one that is sufficiently reliable that it is worth
being placed in orbit on a commerecial basis.

That is the reason why we have pursued first the passive satellite,
because we could see our way clear to making something that had the
capability of lasting 5 to 10 years in orbit without service,

» . s, ® . o oot .
ou know, it is a bit difficult to get up there and put in a new tube
when one burns out. But in time this will be accomplished.

One of the reasons that it is quite important to do so is becanse, for
example, if we wish to have television communieations, then we must
have a quite wide band width, as we call it technically, in order to be
able to transmit our pictures. This means——

?Ir. Karri. This ean not be done by a passive satellite system, can
it ¢

Mr. O'Svruivas. It could be done with a passive satellite system
where it is large enough in diameter and where the transmitter on the
ground is sufficiently powerful and the receiver at the other end of the
link 1s sufliciently sensitive.

Mr. Karru. Is this a capability that you see in Echo II, for
example?

R R N oy Tl R
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Mr. O'SvrLivan. I think in Echo 11, on the basis of our tests of
Fcho I, we will be able to perform what I would class as initial steps
in television communications by means of the IEcho I1 satellite be-
cause of its larger size and the lower altitude at which we will fire it.

Mr. Karru, What would that altitude be?

Mr., O'Svnrivan. We have tentatively in mind an altitude of ap-
proximately 700 miles,

Mr. Karri. We have capable boosters, we have boosters capable of
achieving this right now ?

Mr. O'Svrnivan, Yes.

Mr. Karra. What booster would be used ?

Mr. O'SvrLivan. We tentatively have scheduled for the orbital
launching the Thor-Agena B \'Ehici’l?.

Mr. Karru. Thank you.

The Caamrman. Further questions?

Mr. Van Peur. With reference to Echo I and what you have said
about the debris that i1s in outer space that might puncture a vehicle,
how long will I£cho I withstand Ihnt ! 1Is there a possibility of com-
plete disintegration?

Mr. O'Svrnivan, No. Echo I will not disintegrate in orbit. It
was designed for research on communications to confirm or disprove
that we could do what we thought was theoretically possible, namely,
send a signal from the surface of the Earth up through the Jarth's
ionosphere to a satellite in space, reflect it ofl' this satellite, back
through the Earth's ionosphere and receive it and have a signal
which did not fade out, ditll not undergo polarization or have other
things happen to it which would destroy its usefulness. This was
proven with Echo I. Since that was its purpose, it was designed only
to last in orbit a sufficient length of time to accomplish this research
objective. As such, it was not designed as a permanent satellite but
one that was held spherieal and a good 1'{-tlm‘tnr of radio signals
merely by retention of its internal pressure. We calculate it was
punctured at the rate of about 1.4 square inches of hole area in it
each day due to the micrometeorites that impinge upon it. This
caused the loss of its internal gas that inflated it and held it drawn
out into a nice, smooth sphere. Our measurements of the radar
ross-section of it indicate it retained its spherical shape nicely for
a period of about 2 weeks.

Our second step now with Echo II is the building and verify-
ing that we can build a satellite which is not dependent on the
retention of its internal pressure for maintaining itself as a good
reflector of radio signals. We think that Echo 11, on the basis of
our present knowledge, should have the capability of lasting in space
for a period of between 5 and 10 years. However, the orbit that
we plan to put it in will not cause it to remain in orbit that long
because of the minute amount of aerodynamic resistance that it
encounters. This will bring it down much sooner than any 5 to
10 years.

The reason for not using a higher orbit is because we would have
to employ a much larger satellite than 135 feet in diameter if we
were to conduct television—exploratory television communication
tests over a distance, say, as great as across the Atlantic Ocean.
If we were to put the Echo II into an orbit, say, as high as 2 to
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3,000 miles, then it would definitely last, I am quite sure, 5 to 10
years as a good reflector of radio signals.

Mrs. Wers, Didn’t Echo I stay up longer than you anticipated i
would, Mr, O'Sullivan?

Mr. O'SvrLivan. It will stay in orbit, I think, approximately an-
other year, but it is not the high-quality reflector of radio signals
that it was when we first put it up.

Mrs, Weis, Is it uhtetu{ at all ¢

Mr. O’Svruivan, Yes, it is still quite useful. We are very happy
about that. It has proven much better than we really antrmp.uﬁ’l
We thought by now it would have degenerated quite badly. but it seems
to be nlthat;unllng the space environment much better than we had
anticipated.

Mrs, Wers, That was my impression, that it had functioned better.

Is there any instrumentation on this or is it simply the globe?
Is this purely a reflecting operation ?

Mr. O’Svrnoivan, It 1s purely a reflecting operation, just like a
mirror. One of the great advantages of that over, say, an active com-
munications satellite is that the mirror does not care how many signals
bounce off it, what their frequencies are, what language is employed,
or what the band width 1s. It reflects them all just as well. There
IS no malntenance.

Mrs, Wers. It has no instrumentation or other things?

Mr. O'Svruivan, That 1s right.  The only instrumentation that is
aboard the Echo I satellite were two radio tracking beacons. These
had nothing to do with the communications. They did not receive
any signals and retransmit them. They were merely markers, bea-
cons, so that we could track the satellite by means of the Minitrack
Sy HTEIH_ so we would know where it 1s.

Mrs. Wers, Are those outside?

Mr. O’'Svruivan, They are mounted on the skin of the satellite.

Mrs. Weis. I was interested in this model on display.

The Cnamryax, That 1s the Goodyear. That i1s what I am going to
gel Lo,

Mrs, Wers. I think the question would go for any of it.  If you have
vour ]IIHIIHHH'HhITInn in any of ”ll“wi‘ tlnlrlw*f-»..+ the man and instruments
1as to stay in the nose cone, there is nnthm;_r but pressure in what 1s
being inflated ¢

Mr. Lorrin. The men stay in the reentry capsule or the command
module, whatever you want to eall it, until it is inflated, and then they
enter. It is ]H}HHII}I# that certain instrumentation could be carried
the inflated portion as it is folded up. It is a detail of engineering.

Mrs. Wers. You could put some

Mr. Lorrin, You could. This is a matter of detailed design of
how 1n i.ut you put it toget her.

The Craryax. Before I recognize the next member for question-
ing, I would like to ask the Goodyear people about how long would
your presentation require? e have three witnesses from (GGoodyear,

Mr. Ricuarpson, I think our presentation we would like to give
you would take somewhere around 50 minutes.

The CrHATRMAN. I will recognize Mr. King, and then if there is no
objection

Mr. King. I yield to Mr. Hechler on the ground of seniority.
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Mr. Hecurer., A number of advantages have been cited for inflat-
able vehicles. It rather makes me shudder to think of the total
amount we have to spend on the entire space program, I think it 1s
our obligation, of course, to make sure we expand the economy that
can support the v\pmuhtuwa that we feel are necessary.

[ think one advantage of inflatable structures is their smaller cost.
[ wondered if you could present any comparable ligures that will serve
to drive that point home.

Mr. O'Svruivan. I am sorry that I am ill-prepared to quote any
comparable cost figures. 1 know it has been our experience in con-
structing the E cho I and the Echo 1T satellites and also the Explorer
[X satellite, which we now have in orbit, all three of which are erect-
able structures, that the cost has been surprisingly low. I think this
has been 1n [uI:rP measure due to the working out and the solution of
many of the pmhienh in the laboratory so that we had a clear idea of
how to proceed. This is one way that costs can be eut down.

Mr. Hecnrer. If I may interrupt a second, I am surprised that you
are surprised. I would assume the cost of the inflatable structure
would be considerably less than that of a different type.

Mr. Lorrin. I would like to make a comment on that. I can’t
answer your question with regard to the numbers,

One ﬂ]lngtlmt I want you tokeep in mind on

The Cuamryan. Could vou talk a little louder ?

Mr. Lorrin. Yes, sir.

I can’t answer your question as to the comparative costs. I would
make this comment, that in the development of any new system,
whether it be an inflatable space station or reentry vehicle or what
have you, a very large part of the cost is in the R. & D. that has to go
into the thing.

Utlmutrh., again, I can’t give you numbers, I would guess this is rela-
tively large as compared to the cost of the actual metal or fabric or
what have you that is cut to make the thing out of.

Mr. Hecurer. I would suggest maybe that Goodyear might want to
volunteer to help vou out on the R. & D. cost.

The C'uairyan. Mr. King, I recognized vou.

Mr. Kixa. I will pass. 1 don't want to cut into (Goodyear’s presen-
tation.

The Cramryman. Unless there is an urgent question, let's ask these
fwo witnesses to stand aside for awhile while we ,#  Goodyear an
opportunity to put on its case.

(zoodyear has a motion picture.

Mr. Karri. For a matter of comparison, from the witnesses in the
communications industry who were here, they estimated all the way
from $400 to $600 million for a 25 or 30 active satellite communication
system.

Could you estimate the cost for approximately that many passive
satellites at the 2,000- or 3,000-mile level so their duration would be
from 5 to 10 years: could yvou give me a figure on that or could you not
at thistime?

Mr. O'Svruivan. 1 am sorry that T am not in a position to try to

give vou a figure on that.

Mr. Karr. Would vou try to prepare one and give it to the com-
mittee for the record ?

Mr. O’'Svrrivax. I think we could do that.




6 PROJECT MERCURY

The Naval Air Materiel Center, Naval Air Development Center,
Naval parachute facility and Naval medical units all have given sub-
t-;l:ln[i:l[ support to NASA.  In addition, the Pacific Missile Range,
under Navy management, is niding i the oper: ation of the Canton
Island, Hawaii, and southern California trac King stations.

Supports by units of the Department of Defense has, in general,
been formalized through a series of agreements between NASA and
the particular military service concerned. s a rule, these agreements

call for reimbursement by NASA for any support or services ren-
-Iﬂmi over and above normal military operations.  Estimated costs
of DOD support are contained in table 1V,

TanrLe IV,

Estimated coxts of DOD support of Project Merveury (throwgh
WR-T and MA-8)

|'Thousands of dollars]

DO D unit/commuandl

Estimatid
total costs

Partion re-
imbursed

Balance ab-
sorbeid hy

| by NABA O]
AFMTC 3, 185 1, 500 | o I
AFBMD - & il 54, 350 1 53, 9l L5l
APGC 130 R | 122
ACIC. .. 185 i 185
WSAIR Fe : : () 5 10}
PMR - . 1. hdd 1, 11¥d = (L)
Alr Rescue Service. .. oo ovveecivicns WX 1, 444 | ‘], 304
Navy recovery forees . . : I8, 344 5, 145 o 13. 108
Bioastronautics: , |
Operational . .. . ) L1 4l
Rl B renio o ; 1, 425 4496 | 2y
U.5. Army, LARC Supply. ... i BT e 114 h e LIl
GEEIA. .. ... o e ceenesieal 1643 : I i
N ASA space task |i.'::|'nu|1 L i 21H) 20
Total v el e : =L == 82, 347 64, 704 17, 533

| These estimated costs are not supported by or obtained from any accounting system.  They are as-
sembled by estimating the cost of effective man-davs effort which is applied to Project Mercury by DOD
personnel who would have been employed by DOD whether or not Project Mercury were supportocd

¥ Includes £325,000 to construct a building to replace Telemetry-3 Building, which iz being used as Mer-
cury control center.  Ineludes estimated cost of range support of Mercuary

! The AFBMD reimbursable costs are based on a 14-booster, 13-launch Mercury program.  These esti-
mated costs were prepared as of July 31, 1900, in confunction with the development plan covering AFBM D
support of Project Mercury. Az such, they are subject to current and future negotiation, refinement, and/or
approval by NASA. This is a continuing process a8 the program develops and as the requirement for
hoosters and/or launches changes,

{ Appropriate action to obtain reimbursement ig in proeess of negotintion

¥ Includes nonreimbursed cosxt of Navy Construction Battalion work at Canton, il cost of general pur-
pose range support of Project Mercury, ]

8 Cost of operations and maintenance of Navy Recovery Forces are being reimbursed by NASA in ae-
cordance with ngreement between CNO/NABA (BTG) dated Mar, 23, 1960

Overall coordination of Department of Defense support for Project
\Ienul*\ operations is arranged between Maj. (zen, Leighton 1. Davis,
USAF, Department of Defense representative for Project Mercury
ﬂllEhltl{}nh. and Mr. Walter C. Williams, Associate Director of Project
Mercury.

f’:‘rrfr’ﬂf Ifr'*.*'r'fu'u funrh'hf,.r Sttnmhary

Initial funding for Project Mercury was provided in fiscal year
1959, when $46,416,330 was obligated for Mercury research and devel-
opment, and $2,425,000 for construction and equipment.

In fiscal year 1960, the obligation for research and development
totaled $84,328,370, and for construction and equipment, $35,795,000.
The fiscal year 1960 figures include supplemental funding of $12,200,-
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(The mmformation requested is as follows:)

The question was asked for the comparative cost of a 25 to 30 passive com-
munications satellite system to a system incorporating an equal number of active
communications satellites,

NASA has engaged the Rand Corp. under contranet NASr-21, a copy of which
is attached, to study passive and 24-hour active communications satellite sys-
tems,  The Rand Corp. will develop information which will help determine the
prictical and economic benefits and the cost consideration related to satellite
communications systems,  When the information is developed we shall be happy
to make it available to the committee,

EcoxoMmMIic AND TECHNICAL STUDIES ON COMMUNICATIONS SATELLITES FOR THE
YEAR DEcCEMBER 1., 1960-NovEMBER 30, 1961

The =tudies deseribed below are proposed to be initiated during the coming
yvear. It is expected that the study of passive systems can be essentially com-
pleted during the year and a good start made on the study of 24-hour active
systems,

We expect, however, that during the course of these studies other technical
problems will arise which cannot be foreseen now or may become of special
interest as the development of the communication satellite technology progresses,
We propose that study of such problems be undertaken when deemed desirable
after appropriate consultation between NASA and Rand.

I. Passive Systems

As a first step, a parametric study of those systems containing spherical reflec-
tors as orbiting elements will be made for the purpose of evaluating their eco-
nomic potential, The main variables are :

A. Reflector—The size, weight, and useful lifetime of the reflectors are of
importance. The lifetime as a function of weight is presently least understood.
Therefore, at first, it will be necessary to assign a range of reasonable lifetimes
for a given welight. As the study progresses we should be able to refine this.
('lose contact will be maintained with groups studying the problem of stiffening
the reflectors and consideration will also be given to reflector shapes other
than spherical,

B. Orbital altitude and configuration.—The orbital configuration influences
the eapacity of the system, the cirenit ontages in terms of total fractional out-
age time and also the duration of outages, Other important factors are the
number of reflectors and the launch vehicle. Tradeoffs among system capacity
( desired to be large), outage time, and the number of launches required to place
the system in orbit (both desired to be small) will be investigated., These trade-
offs depend in part on the great circle distance between terminals and on their
locations relative to the poles. As a consequence, it will be necessary to make
assumptions about the locations of the ground terminals.

. Ground environment,—It is necessary to develop solid information on the
present state of the art of high effective radiated powers and the projected
state of the art a few yvears hence, including the ﬁll-;]lflrfii'ﬁ of large tracking
nntennasg. In the conarse of the Echo experiment, certain tracking difficulties
were encountered. This raises the guestion whether in an operational system
each ground terminal would ecatalog the orbital parameters of each individual re-
flector, whether a central <tation could perform this function, ete.

Variations in the parameters mentioned above will be studied to determine
their effect on costg, and to see what general system design now appears most
promising,

For the same antenna size, receiver temperature, and transmitter power at
the ground installation and equal payload in orbit the number of channels
in an active system s much higher than in a passive system, when a single link
ig considered. However, in a passive system the number of participating ground
stations ecan be increased, subject only to the restrictions imposed by the avail-
ability of frequencies. Thus, a passive system may become competitive with
active systems when the number of participating stations becomes large, par-
ticularly if the stations tend to concentrate in some geographical areas. This
possibility will be examined as part of the passive satellite study.
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Il. Active Systems

A thorough analysis of 24-hour communications satellites will be undertaken.
While results of some aspects of this analysis will be reported during the coming
year, it is currently anticipated that this study will extend beyond November
30, 1961,

As noted in the special advisory report, by using a more advanced repeater de-
sign a capacity increase of a factor about four seems quite feasible over what is
now planned in the Advent program. A different approach to the 24-hour system
is a smaller (lighter weight) satellite which could be launched by a smaller
vehicle than Atlas-Centaur or several smaller satellites launched simultaneously
by a large vehicle, A study will be made of the economic potentianl of such a
24-hour system based on the following technical studies:

A. System implications.—The system implications of a few small 24-hour
satellites as contrasted with a single big =atellite will be investigated. The
frequency requirements in the two cases differ drastically provided the smaller
satellites are separated in excess of one beamwidth as viewed from the ground.
Also, replacement considerations are different as are a number of other system
characteristies,

B. Booster possibilities for 24-hour orbit.—Booster data will be needed as
background information in varying the other parameters of 24-hour systems,

C. Orbital and attitude control subsystems.—The principal objective of this
investigation will be the determination of the relationship between fuel require-
ments and useful lietime in orbit for a specified payload or pavloads. Possible
byproducts might be performance specifications for the orbital and attitude con-
trol systems and a discussion of possible system mechanizations. The study
will include investigation of orbital perturbations, orbital control, and attitude
control,

The orbital perturbation analysis wil! include, for example, investigation of
the perturbations of the orbit due to gravitational effects of the Sun, Moon, and
the Earth's bulget to determine the length of the time permissible between orbital
corrections. If a sizable antenna is involved the effects of disturbing forces due
to radiation pressure from the Sun on orbital and attitude control processes may
become significant,

The orbital control investigation will include, for example, investigation of the
accuracy with which the desired orbit could be established, single and multi-
stage orbit correction processes from the standpoint of fuel economy and aceun-
racy, the effect of the attitude reference performance on the orbit control proc-
ess, and probable fuel requirements to compensate for gravitational perturba-
tions of the initial orbit.

The attitude control investigation will inelande, for example, consideration of
possible attitude reference system mechanizations, performance specifications of
the attitude reference system based on antenna and orbital control requirements,
and energy requirements for attitude control systems,

D. Repeater electronics—A 24-hour satellite may use a single high power
output tube, a number of lower power tubes or a still larger number of low
power solid state devices. The satellite antenna system may congist of only a
pair of Earth coverage antennas or may include a number of highly directive
antennas, The amount of directivity desirable depends on such factors as
ground station distribution, the degree of attitude stabilization, and the type
of power output device. The state of the art in output devices, antennas, and
other satellite components as well as the interrelationships will be examined
to define advantageous systems, e.g., choice of frequency, output device, number
and type of antennas, design techniques.

Out of the volnminous work being carried out on auxiliary power syvstems,
space environment and reliability, items of particular significance to active coms-
munications satellites will be studied.

E. Quasi-fired ground antennas.—Only relatively small diurnal motions of
the antenna beam directions are needed in 24-hour systems, so that the necessity
for tracking antennas is eliminated. We propose to investigate what antenna
arrangements might be most attractive,
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Cost estimate, cconomic and technical studics on communications satellites—
Estimated costs and fee for the year Dee, I, 1960-Nov, 30, 1961
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EcoNoMIC AND INTERNATIONAL D'OLICY QUESTIONS ASSOCIATED WITH SPACE AC-
TIVITES FOR THE YEAR DECEMBER 1, 19G0-NovEMBER 30, 1961

Studies planned on the economic and international poliey questions associated
with space activities fall into three broad areas: those dealing with communi-
cations satellites, those dealing with meteorological satellites, and considerntion
of the impact of the “space race” on other countries. Proposed programs of
research in each of these areas are described below, The studies deseribwed
are proposed to be initiated during the coming vear and it is expected that
substantinl progress can be made on all of them., However, during the course
of thesse studies, other problems may arise which eannot be foreseen now or
may become of special interest. We propose that study of such problems be
undertaken when deemed desirable after appropriate consultation between NASA
and Rand.

1. Communications Satellitcs

Three studies are planned on the economic and international policy questions
associated with communications satellites: a study of economic and social
benefits stressing possible growth of new kinds of demands for long-distance
communications; a study of econowmic policy issues: and a study of the pros
and cons of internationalized development and operation of communications
satellites,

A. Economic and social benefits—Though most of our future work in con-
nection with analyzing the economie benefits of communications will be done in
close connection with the technical studies described separately, one aspect
of these studies Is of general interest, and is proposed to be continned more or
less independently of the detailed economic and technical analyses. This study
will further examine the new kinds of demands for long-distance communiecations
that may emerge in the future; especially demands for data transmission, fac-
simile devices, closed-circnit TV, and commercial TV, The economic promise
of communieations =satellites undonbtedly will be substantially affected by how
rapidly these new types of demand emerge,

B. Economic policy issues.—The study of economic policy issnes will involve
three considerations: a short-term study (several months) of licensing the
use of Government launching facilities and two longer term studies (some-
thing like a year), one dealing with the frequeney allocation problem and the
other with the ratemaking problem.

The nnalyvsis of the economic policy problems involved in working out a
scheme for licensing private contractors to use government launching facilities
will include consideration of the kinds of licensing arrangements the AEC has
worked out and an examination of alternative formulaz for determining what
rates should be charged for the use of government launch facilities as well as for
the launching vehicles,

The study of the frequency allocation problem will be directed to finding ways
for insuring efficient utilization of the frequency =pectrum in the light of in-
creased demands on spectrum space bronght on by communications satellites,
The study will include, for example, consideration of the following items: (a) An
examination of prevailing practices in alloeating and assigning frequencies, and
how these practices will affect the availability of spectrum for space purposes ;
(b)) an examination of the effectiveness of the current procedures for allocating
frequencies, How well do they take into acconnt the value of the rights that are
assigned for particular purposes? How well do they insure that adequate atten-

70468 O0—61—4
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tion will be given for finding ways for conserving on the use of the spectrum?
How well do they facllitate adjnstments in spectrum use as technology ad-
vances?: () an examination of the proposals that have been made for improving
the efficiency of the alloeative proeess. Among those that will be seriously
examined from a practical viewpoint is the suggestion that a market bhe estab-
lished for the purchase and sale of frequency assignments,

The analysis of the ratemaking problem will inclnde, for example, considera-
tion of the following subjects: (a) A syvstematic examination of how communlea-
tions rates are presently determined with the view of developing an explanation
in terms understandable to the layman: (b)) an inquiry into how international
rates are determined both in the communications fleld and in the airlines field :
(¢) an analygis of the consequences present policies are having in allocating
resources: (d) a discussion of the kinds of changes in ratemaking policies that
nppear necessary if the benefits of communieations satelliteg, or other kinds of
new technology, are going to be fully exploited.

C. Imternationalized development or operation.—A communications satellite
system is by definition “international™ in that it provides a communiecation serv-
ice between countries and probably on a global seale. Ground links would be
located in various countries and international arrancements would have to be
made accordingly. The United States may decide to develop and operate the
system essentially as a U8, enterprise (public or private) and to work out po-
litical arrangements and technieal details on a bilateral basis with the user-
participants, The Special Advisory Report of September 15, 1960, recommended
such an approach, for reasons cited on pages 73-75.

However, insufficient analysis has been given the question already raised by
U.S. officials and businessmen : Why not develop, or at least operate the svstem
under some sort of international auspices? Development, ownership, or operation
might be vested in a specialized agency of the United Nations; or in some inter-
national technical group: or in a consortium; in a public or private corporation
in which shares are held by governments, private concerns, or other groups; ete.

We propose to study this problem to identify and assess the worth of a variety
of possible “internationalized” arrangements; their advantages, risks, and draw-
backs, and the longer term implications and consequences for U.8. national
interests, Several case studies of analogous or pertinent international ventures
would be undertaken (e.g., International Atomic Energy Agency) in order to
nssess the precedents and to establish a factual footing for future projections,

This study will follow through on present Rand work for NASA, nearing
completion, on some of the political problems and opportunities in the field of
cooperition and international regulation and control of space activities. It will
be pursued in close association with the planned project on “The Impact of the
‘Space Race' on Other Countries” (see description below),

Il. Meteorological Satellites

Two studies of the economic implications of meteorological satellites are
planned. The first treats the value of improvements in storm warning and the
second considers how information derived from meteorological satellites might
be nused to improve the hurricane warning system.

A. Economic value of improvements in gtorm warning.—QOver the next few
months, work on the economic and social value of better weather information will
focus on the problem outlined in section V of RM-2620-NASA: the determinn-
tion of the value of improvements in storm warning, particnlarly hurricane
warning. A model of the sequential decisionmaking problem involved in the
efficient use of storm advisories is being developed. When it is completed, which
ig expected to be in the near future, an attempt will be made to apply it in some
situations where the economic significance of better warning may be expected
to be considerable. One particularly interesting opportunity for a case study has
come to our attention: when a hurricane threatens at Cape Canaveral a decision
must be made as to whether launching vehicles shonuld be taken down and
gantries secured against the high winds. Such action may be costly hoth in terms
of the direet costs of taking protective action and the resulting delays in the
testing program ; on the other hand, failure to take such action when it is needed
will result in expensive damage. It is hoped that the analysis will both point
the way to optimal use of the existing possibilities for warning and indicate
what sorts of improvements might have the greatest value. Subsequent to the
analysis of the Cape Canaveral problem, we propose to undertake other case
studies of the use of hurricane warning, but the particular sitnations to be
studied have not vet been decided upon.
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B. Posgible improvements to the hurricane warning  spystem.—A study s
planned to indicate specifically some improvements in the hurricane warning
system which might be obtained by using meteorological satellite observations,
In particular, we will seek to determine what hmprovements wonld result simply
from having the information on the position of the hurricane which the satellites
would make available, and compare the costs of obtaining position data in this
way with the costs of obtaining it by aireraft reconnaissance. Because the long-
range contribution of the weather satellite program to improvements in forecast-
ing techniques and to the science of meteorology cannot be estimated with pre-
cision, our conclusions in this area will have to be regarded as providing lower
hounds to the benefits obtained rather than expected value estimates,

HEE, Tmpact of the “Space Race” on Other Countrics

Currently nearing completion is a study of Soviet cold war objectives in space,
and the Soviet conception of U.8. objectives and space programs. The impact
of the Soviet technical program and political strategy, and the impact of U8,
efforts need to be assessed for their effects on in-between nations. Such a study
is proposed, on a limited =eale, in order to provide an empirical basis for positive
proposals and initiatives which the United States might undertake in the
future—initiatives for consolidating and building international support for U.S.
gpace activities, both technical and politieal,

In order to make realistic assessments of the support the United States can
expect from other countries and to gunide future U8, actions, an analyvsis will
be made of the views and positions already entertiained in key countries as
expressed in their own space programs and interests; in their stand at the United
Nations, COSPAR, ITU ; their attitudes toward space aspects of arms control
negotiations: ete. Much of the present knowledge on the impact of the space com-
petition is based on casual impression or episodic public opinion polling. The
proposed study will attempt to develop a more objective synthesis of existing
source materialg and might be followed up with field studies on a pilot senle,

Cost estimate, economic and international policy questions associated wilh space
nctivities—Estimated costs and fee for the year Dece, I, 15960-Naov, 30, 1961
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Mr. O’'Svriavan. In regard to a question I believe you asked :
moment ago, I have some further information: n: unely, to the Fﬂl"tt
that RCA was selected vesterday to conduct notions to construct an
experimental active communications satellite. That is a relay type.
It is to test out the satellite components in the space environment. We
are proceeding in that direction.

The C'rratryan. $3 million ?

Mr. O’Svruivax. Ithink so.

The Cramrmax. If there is no objection, we will gzo ahead now and
hear the witnesses from Goodyear.

Mr. Richardson, vou are vice president of Goodyear Aireraft Clorp.

Could you take over yvour presentation, and yvou can introduce the
witnesses, Dr. Ross and Mr. Madden, and vou can put your motion
picture on at the proper time and place in the testimony.

Mr. Ricirarpsox. Thank you, Mr. Chairman,




INE A OB~ - TRES IN SPACE
24 NFLATABLE STRUCTURES IN S

STATEMENT OF ROBERT W. RICHARDSON, VICE PRESIDENT OF
GOODYEAR AIRCRAFT CORP., AKRON, OHIO, ACCOMPANIED BY
DR. ROBERT S. ROSS AND ROBERT T. MADDEN, OF GOODYEAR
AIRCRAFT CORP.

Mr. RicaarpsoN. We are very pleased to be here today.

We think the subject of inf{tt able structures or, as we call them,
expandable structures, I think to put it in context, we all mean the
same thing. So when you hear the difference in unwlﬂ- we are all
talking about things that you make small on the launch pad and make
large as you get into orbit.

We are very delighted to be here, primarily to acquaint you with
a new technology.

I think Mr. Loftin and Mr. O’Sullivan have done a good job, and
NASA is to be commended on the Echo and the communication
satellite programs.

We would like to carry the discussion into some other areas that
haven't been covered, which I hope you will find of interest.

It is obvious, as pmnt{*{[ out by Mr. Loftin, that in an expanda-
ble structure you can fold it up on the launch [Lul [t basica ‘h has
light weight, and through that utilizes only medium size or smaller
boosters therefore not requiring the large boosters to put large struc-
tures 1n space.

At (mm]h ear Aircraft we have been interested in this subject and
have done active research wor k for a number of years.

The state of the art is coming along well. We don’t know all the
answers as yet, but it is all very feu%lhleu and there is very definitely
a big world ahead of us in this country in the use of expandable
structures for many space applications.

I think 1n the interest of conserving time, we should get ahead with
our presentation,

We are going to have to ask you, Mr. Chairman, to bear with
us. We have some slides and motion pictures. We have a black-
board and we are going to try to work between them so we may
have a little problem of turning lights on and off this morning.

The Cramman. We will help you. We have until noon. That
will give you 40 minutes,

Mr. RicuarpsoN. We will do the best we can to be finished by
noon.

There are two gentlemen with me from our organization, Dr. R. S
Ross and Mr. Robert T. Madden, who are going to participate in
our presentation this morning. I hope vou will find it very
interesting.

We will be most happy to answer any questions when we are
through.

With your permission, I would like to turn our presentation over

to Dr. R. S. Ross.
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STATEMENT OF DR. ROBERT S. ROSS, MANAGER, AEROMECHANICS
RESEARCH AND DEVELOPMENT DEPARTMENT, GOODYEAR AIR-
CRAFT CORP., AKRON, OHIO

Dr. Ross. We are going to show vou a few slides of some of the
subjects that we think we can make out of the inflatable or expanda
ble structures. 1 have some movies here

The Coamaman, Just a moment. Some nf us can’'t see the shdes,

Dr. Ross. Some call them iflatable, expandable, erectable, or pliant
structures. T'hey all involve the same thing, the basic function: they

can be folded up into a small compact package at one time and
U]H'lll‘t[ up into a very large one at another time.

50 YEARS OF FLIGHT FABRICS

FiGURE |

Figure 1 shows that what Goodyear has been doing for the lust
30 years has been tied up with this type of structure. We can go
all the way back to the beginning of, yon might say, the Wright
Brothers, way back in 1909, we started nmlnn;_r with fabrics that
went on airplanes. Actually the tires that went on the airplanes,
too, and that we ride on today, are of that type of structure, up
through the balloons and airships.

Back m 1949, we found we could see through some of this ma-
terial with radar, and we made fabric radomes,

In 1955 we found we had a breakthrough. We built the infata-
ble plane at that time.

Today we are looking at space applications that could be space sta-
tions or different kinds of re- entry vehicles.

We will try to tell you about some of these today.

Why do we really look at expandable structures in the first plac.
There are four major advantages as shown on Figure 2,
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ADVANTAGES

PACKAGING ABILITY
EASE OF ERECTION
LIGHT WEIGHT

OVERLOAD RECOVERY

<>

FIGURE 2

First of all, as has been mentioned several times, the packaging
ability. We have a million hinges built into it and we haven’t had to
pay for them. Normally, when we make a hard structure, if you put
A hinge in, it costs you extra weight. We don’t need any kind of
actuators or cams or anything like that. You put the gas to it and
it erects. This is simplicity and results in reliability. What we are
talking about is space reliability because we aren’t up there to see it
usually.

Li;:hi welght. This is one of the factors that usualiy surprises most
people. In the aireraft field where weight is such a problem, it is
usually very diflicult to do anything that will save 5 percent in weight.
In our 'TIJ]“ ations sometimes we talk about saving 90 percent. This
15 a very large factor and an nulnn't ant one,

There is nothing nmgu r secret about 1t. We aren’t varying any
basic fundamentals. The reason that we can usually go to these extra
light weights is that we can make practical structures of VEry very
small dimensions which are not possible out of normal sheet metals.
I[f you got the metals down to those dimensions, they would be foils
so delicate that they would be hard to fabricate.

The last factor. overload recovery, 18 the kind of thing that 1s
helpful to the engineer who works in this field. Any time a man de-
signs a structure, he has to antie I[l*ltﬂ how II-I"' the lu.nih are u-““:ur Lo
be that he 1s going to encounter. Nature doesn't always 11];11.. in his
favor, and once in a while he encounters a 'oad that is greater than
what he anticipates.
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In normal structures, if you get a load that is too large, the struc-
ture will collapse. In an expandable structure what happens is, in-
stend of collapsing, you get what we call an excessive deflection, it
bends. When the load is taken off, it can straighten out and be as
good as new,

These are our advantages with this type of structure.

Ficure 3

The reason for showing the picture (Figure 3) of the airship, which
18 not necessarily a space item but could be related to it in that we have
already examined this for carrying very large boosters and find you
can do this with an airship-type vehicle. Another reason for showing
this is that size is not really a difficult problem with an expandable
structure,

The car that you see underneath the airship is about the size of a
good size airplane. You can see how much larger the envelope, which
1s an expandable structure, is.

When we talk about space, we are talking about applications that
usually requires very large structures. And when we talk about an
expandable structure, a r:n',t_rv- structure shows great advantages,

}.E‘l 's show the movie here of a typical airship in flight. This will
be the first of several brief moving picture examples of expandable
stractures,

( Movie shown of airship being moved from air dock and in flight.)
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TAILORED EXPANDABLE STRUCTURE

FiGUurg 4

Dr. Ross. Leaving the airship for a moment and looking ;II one of
the basic characteristics of expandable structures, Figure 4, shows
that we Pt the cords that these materials are made of in the direc-
tion we want. This is a major advantage over sheet metal construe-
tion where you have the same strength “and welght in all directions,
whet her It‘l.llllll;"ll or not., 1f we hnl n g In.ul m one direction, we
can put lots of cords or heavy ones in.  If we have a small load in this
direction, we can put few cords, This gives us the advantage of only
putting into the material the material you actually need to carry the
lond. Don’t carry anything vou don't need. It gives us the appor-
tunity of making these light weights that we talked about,

Also, vwnlunh knows if vou make a sphere, a pressurized struc-
ture, where you have pressure in the center and earry all the material
.itulllltl { he nlll'-hlt' this 1s one of the Inrlurvut structnres you can pos-
sibly make.

The airship is a body of revolution of this type.

We attach the car to the bottom and distribute its load into the
envelope by catenaries attached to the top. Actually, yvou will find
that we have pulled down on the envelope in those areas to take the
high load.

If we carried that over a wide span, yvou would find we could pull
very hard on the top and bottom and get to the sh: ape shown in the
lower part of Figure 5, and have what you might consider a flat
airshi

Let’s consider that you might take this and put an infinite number
of connections in there, and you obtain a pressurized structure that
has what we call drop threads. This gives yon flat structures so you
don’t have to be limited to round structures, eylinders, or torus-type.
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000 for research and development, and 36,500,000 for construction and
equipment,

Early in fiseal year 1960, Congress was advised that NASN mtended
to transfer $15 million from research and development appropriation
to construction and mllllptm nt for construction of the Mere ury nel
work. The fiscal vear 1960 figures retlect this funding transfer

For fiscal year 1961, the current allocation of funds 1= 8110,051,000
for research and development, and S15 million for construction and
equipment. A\ request for STL245,000 is currently contained n the
NASA anthorization request for fiseal year 1962, The section on
Project Mercury funding projects a total ilnnllntr n-:lnln-uwm through
iscal vear 1962 of S568 million. The validit v of this ligure is subject
to the success of meeting the flight rest target dates and could ORI
high as SH00 million in the estimation of the committee staf.

Why manin space?

In the past, man's scientific and technical knowledge was limited
by the fact that all of his observations were made either from the
Earth's surface, or from within the Earth’s atmosphere.  Now, man
can send his mensuring equipment on satellites beyvond the Farth s
atmosphere, and into space beyond the Moon or lunar and planetary
probes. The benefits to man that have been derived from these inif il
ventures into space are too numerous to be recounted here: but the
exploration of space, in its truest sense, will begin only when man
himself ean participate dirvectly in this t*‘b.|r|m.ilmn

Man is destined to play a vital and direct 1::19 in the exploration of
the Moon and the IJI.IHHH In this lt*lnllll IS not e asy o coli pIve
t hat IIIH[HIIIHIII'- can be devised that can Pﬁwtn'vl}‘ and reliably du
plicate man’s role as an explorer, a geologist, a survevor, a photogra-
pher. a chemist, a biologist, a pln-n ist. or any of a host of other
spec imlists whose talents would be needed. In all of these areas, man s
judgment, his ability to observe and to reason, and his decision
making capabilities are required. Only man can cope with the unex-
pected: and the nmexpected, of course, 1s the most Interest gy,

The search for extratervestrial life. for instance, is a problem of
formidable difficulty for pure instrumentation systems, that 1s much
more easily within the scope of man’s abilities.  Even in more prosaic
endeavors such as photography, it is extremely challenging to dupli-
cate man’'s abihity to select pertinent subject matter and optiunum
photographic methods, to focus and choose the most profitable -
stunt for exposure, to recognize that his view is obstructed, or even to
note that the lens hns become dirty.

(Closer to Earth, man’s special abilities would be employved in manned
Hl'hilillpj space lnboratories, or spitce stations.  Man's observational,
analytical, and functional eapabilities can provide an advantage in the
conduct of a range of Im*It-i:l'nlnlrin al, communication, broadeasting,
mapping., and search activities in mhmn:r vehicles. Orbiting labor-
tories will also permit the investigation and proof testing of vehicular
components : and O]l nting tee l”l"["l"?‘* Il"llllllt‘ll for the 111*\1*]u]1|m*|1t of
other advanced space vehicles and missions. Of note in this nren are
the evaluation of micrometeorites and radiation damage to space ma-
terials, the development of space propulsion systems, the study of
spacecraft erection and construction, the investigation of rendezvous
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EXPANDABLE STRUCTURAL FORMS
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One of the breakthroughs we had was the development of a material
alled Airmat, which is made out of this flat structure as shown in the
upper right side of Figure 5. This is a typical flat panel with the
number of threads in i-ml ween it. When you put pressure in it, it
doesn’t go to a sphere but is flat. We call this Airmat. When you
put pressure into them, the threads prevent the pieces of cloth separat-
ing more than the dimension of the threads,

We were able also to take these and actually shape the structure,
that 1s, change the lengths of the drop threads so when you inflated
this body you would have an air foil-shaped device. See Figure 6.

This shows how we went from the catenary-type arrangement on
the airship and to the drop thread.

Frankly, the samples we are showing you are nothing but pieces
of carpet, made on a carpet loom and normally they make these out-
side surfaces very close together. To make carpet they cut the drop
threads to make the plush surface. In our applications, we coat the
surfaces to make them gas tight, seal the edges and pressurize inter-
nally to make a rigid structure. This is nothing more than an I-beam.
if you might visualize it, as shown in Figure 6. With pressure, you
get tension In the surfaces and you have an I-beam with the web of
the I-beam essentially weighing nothing.

It 1s difficult to get material lighter than this. This is why we look
at it as one of the world’s lightest structural materials. It will remain
still and hard as long as you maintain pressure in it,




30) INFLATABLE STRUCTURES IN SPACE

LOADING SYSTEM

FiGURE 6

As I mentioned earlier, we actually were able to make an airfoil
shaped body on these looms. We set the looms with special gauge
blocks in them and instead of carpet, and we said, “We want a speci-
fied number of yards of NAC'A 0015 wing structure.”

To show that we could do things and make them useful in this way,
we actually, in working with the Navy, ONR, decided we would make
a1 rescue-type vehiele as shown in Figure 7.

The idea behind this was that we would try to make it as small as
possible. If a pilot is down in some hostile territory, you could fly
over, drop this package to him, and some dark night he could turn a
valve :llll] he would inflate, start the engine and tly back to his own
base.

To make an airplane like this, we had to make what you would call
breakthroughs in the state of the art of structures. We were able to
make wings of this airplane of one-tenth of the weight of a conven-
tional structure.

We have a short movie now of one of these little airplanes so you
can get some idea of its design and flight characteristics,

We made this one-place plane for the Navy. The Army asked us
to make a two-place plane for them.

( Movie shown of Inflatoplane being unpacked and flown.)

Dr. Ross. The next slides cover some of our work on space stations.
Since this field covers everything from underneath the sea to in the air
and off into space and the space field is what we are talking about
today, we have divided our expandible structures into three areas:
Those that require large strengths-light weight, such as a space
station, those items that encounter high temperatures such as some-
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INFLATOPLANE

-
—

thing you would use for re-entry into the atmosphere, and finally those
items that are very very light in weight, but don’t have to take any
big loads. Usually, you want the light weight structures very ac-
curate in shape, such as a gigantic solar collector.

At this time, I would like to introduce Mr. Madden, who will give
you a little discussion on this particular type of space station. Then
[ will return to cover the other two structures fields of applications.

STATEMENT OF ROBERT T. MADDEN, MANAGER, ASTRONAUTICS
SALES, GOODYEAR AIRCRAFT CORP., AKRON, OHIO

Mr. Mappex. Figure 8 shows what we might consider an advanced
space vehicle, a large toroidal arrangement, three tier-type con-
struetion.

Figure 9 shows a configuration which is more representative of
the type of work that we are doing today with the Langley Research
Center, which Mr. Loftin reviewed earlier.

You can see here we have taken a look in our configuration evalua
tions at two I'uu:-ir-ihi]il ies of how 1*1]}:1“1[:['-]!' struacrures llli:_t']'s!‘ be used
n n space vehicle, and in the upper left hand side for u-urn[}:lri.-a::-h
have shown a configuration which might be a metallic evlinder, pos-
H”I[}' the final stage of a booster.
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FiGure 9
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Our studies have shown that the problem of gravity simulation,
if this is an area of concern, can probably be best handled with a
toroidal arrangement and that this type of structure, using some of
the principles that Dr. Ross explained, can be made a minimum
weight for the desired volume. The research work that we are pres-
ently doing with the Langley Research Center is being directed at
getting the optimum type of material for this type of conhiguration.

On Figure 10, we show a comparison of some of the expandable
space station configurations that we have been investigating.

The first is a one-man 24-foot diameter configuration, identically
that configuration that Mr. Loftin described and as represented by
our model which T want to deseribe a little later.

f._BOOST WEIGHT DATA @

F WEIGHT BREAKDOWN (LB)

MISSION LAUNCH
STATION | (DAYS) | cApsuLE | Torus * | power + | TOTAL
I- MAN
(24 FT) 14 3,344 3432 1005 7.78
3-MAN
(S0FT) 14 3,500 3,090 1,000 7,590
10-MAN
(I0OFT) 35 6,596 8,018 7500 1 22,114
10-MAN
(200FT) 35 6,596 9,128 6,300 22,024
I0-MAN
(400FT) 35 6,596 10,798 51001 22.494

% INCLUDES MISSION LIFE SUPPORT AND ELECTRONIC EQUIPMENT
4+ INCLUDES LAUNCH AIRFRAME WEIGHT.
t 25 KW ELECTRICAL SYSTEM.,

Ficure 10

We have also looked at a three-man, 50-foot diameter space station.

I think an important thing to note here is that the total launch
weight of these vehicles is of the order of 7,500 to 8,000 pounds, which
is well within the anticipated capability of the ("entaur booster.

The concept in the first instance would utilize the Mercury capsule
as the re-entry vehicle, and you can see 1t is identified as a one-man
station.

Looking at later capabilities, we also show 100-foot diameter, 200-
foot diameter, and 400-foot diameter stations.

It may be of interest that for the exact simulation of gravity that
we have here on Earth, a 400-foot diameter space station, rotating
at approximately 4 rpm gives the one g simulation.

PJi;IllI‘E 11 shows a concept of a three-man station, using agan the
same principles of an inflated torus.
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Ficure 11

Here a ballistic-type nose cone and re-entry vehicle would also be
the center hub and, as brought out in some of the earlier discussion,
the space station would be boosted in the packaged configuration
within the nose cone, as an integral unit. After :lt*plmnwui of the
space station in the space environment, the crew could move out
through the spokes into the working structure.

Figure 12 shows the typical deployment sequence for this type of
vehiele.

As you can see, in the lower left-hand side, completely packaged,
the inflatable components mate nicely with the booster configuration.
After deployment, the pressurized space stat jon assumes the toroidal
shape. After completion of the mission, the capsule can be separated
and programmed for re-entry and recovery in this instance, much like
that recently accomplished with the Mercury capsule.

Figure 13 shows the launch configuration, which is perhaps better
Ih‘hl.l]llt‘l;i by a movie which we can show now of the buildup of an
expandable configuration.

(Movie shown of space station model launch and deployed con-
figurations. )

Mr. MappeN. Starting with the basiec Atlas booster, as shown here,
then comes an interstage fairing, the attachment of the Centaur stage,
and finally on top of this the mission module, as we term it, which
would enclose the packaged inflatable space station. This is attached
to the Mercury capsule configuration, much as it is presently designed
today,
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Here a ballistic-type nose cone and re-entry vehicle would also be
the center hub and, as brought out in some of the earlier discussion,
the space station would be boosted in the packaged configuration
within the nose cone, as an integral unit. After deployment of the
space station 1 the space environment, the crew could move out
through the spokes into the working structure,

Figure 12 shows the typical deployment sequence for this type of
vehicle,

As you can see, in the lower left-hand side, completely packaged,
the inflatable components mate Ii]'l‘t'Tl'-.' with the booster "””ti:‘-"”r“'-“”"
After deployment, the pressurized space station assumes the toroidal
shape. After rnml:h-linn of the mission, the capsule can be separated
and programmed for re-entry and recovery in this instance, much like
that recently accomplished with the Mercury capsule.

Figure 13 shows the launch configuration, which is perhaps better
described by a movie which we can show now of the buildup of an
expandable configuration.

(Movie shown of space station model launch and 1!['[!El:r‘l.‘['1i con
figurations.) |

Mr. MappeN. Starting with the basic Atlas booster, as shown here,
then comes an interstage fairing, the attachment of the Centaur stage,
and finally on top of this the mission module, as we term it, which
would enclose the packaged inflatable space station. This is attached
to t[}n- Mercury capsule configuration, much as it is presently designed
today.
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Our studies of this configuration have shown that the payload of
the packaged space st ation and the re-entry vehicle are well within
the limits of the Centaur booster, that is, the payload CG position,
and the total weight are compat ible with the booster capability.

For that reason we have no redesign on the lu:rm[v to put such
i space '.'ullu'h- into orbit.

Perhaps I can describe this better by going actually to the model.

("an we have the lights, please !

Here we have the model that you saw in the movie. (See figure 14.)

You can see that the mission module and Mercury capsule would
be launched in this configuration.

é GENERAL ARRANGEMENT

sy

FIGURE 14

Then going to a slightly different scale—excuse my back, please
the Mercury capsule would be integrated with the center hllb and
then this section inflated. In this instance the 24-foot diameter unit
would come out of the space station packaged module.

[ think it 1s significant that the type of construction that we are
using here i1s a rather recent development in that we have gone to
the filament cage that Mr. Loftin touched on earlier, and it has given
us the capability of going to virtually unlimited diameters in the torus
construction without any real concern for the tooling problem.

We have here a paper model which shows this, Jl[]llﬂl“’h simple,
in fairly vivid terms, in the type of arrangement that we can go to with
a filament cage.

The filament cage would be basically designed to hold the toroidal
structure that IHIEIE]IIIIFI[ forthe 1h=-~ign pressure.

Figure 15 is a photograph of the bladder internal construection,
which would be then the pressure-sealing member of the structure.
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techniques, and the detailed assessment of the long-duration capabil-
ities of man in a weightless environment,

The initial step in providing the capabilities for the manned explora-
tion of space i3 Project Mercury. This projeet is designed to put a
manned satellite into an orbit more than 100 miles above the Earth's
surface, let it circle the Earth three times, and bring it back safely.
From Project Mercury we expect to learn how man will react in a
space environment, what his capabilities will be, and what must be
provided in future manned spacecraft to allow man to function use-
fully. Such knowledge is vital before man can participate in other,
more difficult, space missions.

But the determination of man’s capabihities in a space environment
1s only one of the benefits that will be derived from Project Mercury.
Of equal importance is the technical knowledge being gained during
the design. construction, and operation of the first vehicle specifically
engineered for manned flight in space. The accomplishment of
Project Mercury will mark a tremendous step fnrwut'{); man's ven-
ture into space will immeasurably extend the frontiers of flight, The
speed of flight will be increased by a factor of eight over present
achievements, and the altitude by a facior of five: the environment
encountered in space flight will be one that heretofore has not even
been approached. This extension of the flight envelope has required
major technical advancements in many diverse fields imcluding aero-
dynamics, biotechnology, instrumentation, communications, attitude
control, environmental control and high-speed parachute development.
to mention only a few, By its very advanced nature, therefore,
Project Mercury has opened the door for future manned space-flight
programs.

(Jriginof program

The genesis of the Nation's manned space-flight program dates
back to research and study efforts earried out in 1956, 1957, and 1958,
In those years, studies were made by the National Advisory (‘ommittee
for Aeronauties, predecessor of the National Aeronautics and Space
Administration, and by each of the military services. A detailed de-
scription of these early study programs can be found in House Report
No. 1228, entitled “Project Mercury—First Interim Report, a Staff
Report of the Committee on Science and Astronauties.”

In August 1958, the President assigned the responsibility for the
manned flight program to NASA, which by that time had been estab-
lished by law, though it had not yvet become an operating agency. At
that time, the early work on the capsule concept, the painstaking anal-
ysis, design, development, and testing of shapes, had progressed to
the point where on August 1, 1958, Dr. Hugh L. Dryden, then Director
of NACA and now Deputy Administrator of NASA, was ready to
present to the Select Committees of the Congress on Astronauties and
Space Exploration, a program which he ealled technology of manned
space-flight vehicles. Dr. Dryden's testimony included the following
statement : “This program that we are talking about will lead to a
man 1n space in something of the order of 2 to 3 years, depending on
how llllli‘,l luck you have with it."

Although the responsibility for the manned space-flight program
was assigned, in 1958, to the National Aeronautics and Space Admin-
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[t 1s important to note in this configuration many of the components,
such as bunks, and other required equipment : work tables, work stands
could also be of the inflatable tvpe of construction. And these then
lend themselves to similar packaging and light-weight capability in
the launch configuration.

Of course there is the question asked, what do we see in looking
at the early availability of a space vehicle?

Figure 16 summarizes some of these. We feel the approach we
are discussing here with the torus configuration lends itself directly to
studies of artificial gravity simulation. It gives us a working labora-
tory where we can investigate, as on a test- bed basis, the performance
of life-support systems, auxiliary power, attitude controls, and 1t
provides a very n: atural test-bed for snch programs as the earth orbit-
ing laboratory that is one of the considerations in the Apollo planning,
as well as the Military Test Space Station which the Air Force 1s now
considering.,

Figure 17 shows a picture of the center hub of a 30-foot dinmeter
unit that we are building on corporate funds at Goodyear. “T'his uni
will be assembled with the 30-foot torus shown in Figure 15.
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FIGURE 1b

Ficure 17
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Figure 18 shows a development plan which we feel is feasible, based
on our current work in house at Goodyear, and that with the Langley
Research Center and with the Air Force.

As Mr, Loftin and Mr. O'Sullivan pointed out, we too agree that
there are no major technical breakthroughs required to work toward
an operational system of this type in approximately 3 years.

This 18 not to say certainly that we have the answers to the coating
problems in terms of radiation, thermo-balance and a number of other
areas, but we do feel the education we are getting now in the structural
design of these full scale units does give us a firm basis in this area,

Our plan here would be to work toward vertical shots and then the
fabrication of three orbital full-scale prototype units, two of which
would be unmanned, the third manned, and as previously mentioned,
would utilize the Mercury capsule for the re-entry of, in this instance,
a one-man crew.

-~ DEVELOPMENT PLAN

YEARS AFTER CONTRACT GO-AHEAD
I 2 3 4

PRELIMINARY STUDIES,MODEL TESTING
DESIGN , FABRICATION

GROUND TESTS

VERTICAL FLIGHT TESTS
INSTRUMENTATION
DEPLOYMENT
SYSTEMS
ABORT

ORBITAL TESTS
QUALIFICATION (UNMANNED)
QUALIFICATION (UNMANNED )
QUALIFICATION (MANNED)

PROGRAM PHASE

FIGURE 18

This completes my portion of the presentation.

Mr. Ricuarposon. One other thing I would like to point out, that I
think Mr. Madden overlooked, is it allows the man to get out of his
space suit, to take it off after he comes out into the space station, and
to work in a normal atmosphere in the space station.

Things like this we have to learn as we go on into space.
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STATEMENT OF DR. ROBERT S. ROSS, DIRECTOR, AERONAUTICAL
RESEARCH AND DEVELOPMENT DEPARTMENT, GOODYEAR AIR-
CRAFT CORP., AKRON, OHIO (Continued)

Dr. Ross. I think the next things we want to tell you are as we got
up into space, we started to realize there are other problems such as
high temperature. We wanted to find out if we could make these
materials that normally go to 200 degrees Fahrenheit, so they can
take the high temperatures. _

Looking through all the different types of metals that are available,
we found that materials like some of the stainless steels or René—41,
for instance, as one sophisticated type of material, has a very good
temperature strength curve. Actually, you can get up to 1500 or
1,800 degrees Fahrenheit and still retain strength,

The problem was to get this material drawn down into fibers so
we could weave it into cloths. We found we could do this. We had
it continually drawn down and drawn down until we got some of the
fibers to a third of a human hair.

We took some that were more practical to use, and we made woven
materials out of them,

Here are some samples of stainless steel drawn down to one-
thousandth of an inch and woven into cloth.

You may find it difficult to get some of these materials in flat sheets
that are uniform in characteristics. If we can get it to wire and then
weave into cloth, we find it is a flexible sheet, and it can be used as a
structural vehicle that is going to be operated at high temperatures.

Then you have to do something about making it gastight.

The next problem was to develop an elastomer that would be able to
withstand the kind of temperatures that we are going to encounter.
We don’t feel we have the answer to this problem yet. We do feel
we have been making some headway in this particular direction,

I think if we can go to the movie I would like to show you one of
our high-temperature tests,

Since we are not in the space environment, it is very difficult to
evaluate some of these materials on Earth. So we have to attempt
to simulate conditions as closely as possible. We try to do these in
altitude chambers using high temperature lamps to apply heat on
these materials. Such tests do not show the problem as you come
through the atmosphere and have the air rushing over the material,
itself, so we {]ETPL]!H_"EI a little hydrogen and oxygen rocket. We
put a little material in the blast of this rocket and try to evaluate
what takes place here.

(Movie shown of High Temperature Material Test.)

Dr. Ross. We have this piece of material, similar to what you have
in your hands, in a frame in a hydrogen-oxygen rocket blast. You
will notice when the hot gas hits the piece of material, it will start
to glow and it will actually get red hot there. It still retains most of
its properties,

his is just a simulated type of test. As I say, it 1s the type that
we are using to try to screen the different kinds of materials that we
would need for high-temperature re-entry.
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There are two basic types of re-entry that we can encounter. One
15 the ballistic type, where vou have some type of vehicle to let you
use drag.

The second Lype 15 the ]ii'Till;_r Lype, where you come In with u‘l!l_f_":*
and ean fly in the atmosphere,

With these l*."i|::|||t|:tlr1|* Lvpe of structures, we find both of these
types of units can be put on o launch pad in a small package.

Figure 19 will show you what we call our Ballute, which is a com-
bination of balloon and parachute.

Working with the Air Force and NASA, using their laboratories,
we found that you can make a balloon-type vehicle, which you can
see at the left here, with a torus-type ring around it, which ecan be
attached to a re-entry vehicle or escape capsule,

DECELERATION BALLOONS

g -

FiIGURE 1Y

This item, when opened up in the high altitudes, is actually posi-
tively inflated by the gas inside so we don't have the problem of a
parachute, trying to open when there is no air. As it comes through
the atmosphere 1t has to go through the speed ranges, and this par-
ticular type of vehicle can do it.

[t inflates behind the body, makes it act like a shuttle-cock, and
comes down through the atmosphere.

This is used on the Cree missile to bring back about a 500-pound
welght.

[ would like to show some movies of this in the NASA tunnels at
314 times the speed of sound.

( Movie shown of Ballute in supersonie wind tunnel.)

Dr. Ross. You will have to watch it closely. It inflates in two-
tenths of a second.

This is 314 times the speed of sound.




42 INFLATABLE STRUCTURES IN SPACE

After it is n|wnm|. we let it reel aft on a cord, and this H}Htll;:t‘:-a the
drag again. It inereases it by getting it beyond the interference
of the |un|}' in the front.

The trailing string that you saw was the means of preventing if
going down the tunnel if anvthing broke loose.

Notice how st l‘:lll_\' It 18.

1This 1s the Cree missile that this unit was put on. The Ballute
s folded in a package between the missile and the booster. When
this |um.-:i|*l’ i*-i hred after the fmnmh*r 1S III'n]s;u_'ql nl]*_ T]|i_' ]"-:5|”‘||it', a bhont
a Y-foot diameter balloon -lm!uwl hfui}'. comes out and decelerates the
body and lets it come back to Earth. ;

This was the first of two shots on that particular project.

As far as we can tell, evervthing was successful. We don’t know
what to change on the next one. This has been a very successful
Progrian. ‘

We are going to make some of these to operate at 10 times the speed
of sound. We have been working with the Air Foree and NASA
using their equipment to test these out before we get to the full-scale
nnit.

The other type of re-entry that we might want to discuss is what
can you do about coming from outer space and flying down to a pre
determined landing space?

T'his would mean we would have to build a vehicle up in space. It
would have to be all packaged into the launch nose. When it gets
up mto space, it would have to open up to the vehicle that we are
talking about.

Figure 20 1s a typical example of this. The booster would carry
It on L Into S|hLce. There 1t would open up imto a vehicle with \‘n'i]l;{r-i
and now come down and fly in from outerspace.

LIGHT WING LOADING RE-ENTRY VEHICLE
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Why do we think we ean do this now ¢

I think if we can go on through the slides, I think I can show you
i llllll'inl of what we can do.

“lure 21 shows how the entire llnnuf could be pac I\.H"Utl into n
hlnulTh foot by 10-foot nose cone,

These parts that you see here, that are indicated by cylinders and
spheres, show the approximate volume of the hard structures, the
instrumentation, the gas supply, the controls, and so on, as they would
fit.

The space around here is taken up by the flexible structure. When
you get that into space, it opens to this size vehicle.

RE-ENTRY MODEL PACKAGED

PARACHUTE STOWAGE

GUIDANCE, COMMUNICATION AND
= INSTRUMENTATION

i ELEVON AND RUDDER SERVOS
Hzﬂz REACTION CONTROL TANK
INFLATION SPHERE, HELIUM
-y PAYLOAD
W
(.
s 9 IN. RADIUS
METAL NOSE
[ .

'0 Fegy

_\\\_

Ficure 21

Figure 22 shows how small it is when it starts and how large it is
when opened up. You notice the little parts in here are the same
parts that we had on the package and how they are distributed to
where they are needed in the vehicle,

Figure 2 23 is anot her view of the flicht configuration.

This is a typical type of re-entry ship. Tt has the same aerody
namics as any other hard structure. [hv inflated structure material
is made out of a metal and hasghe same kind of properties as any hard
structure.

[ believe this slide will show it as clearly as any the reason we think
we can do more things with this approach than with some of the hard
structures; that 1s, we can go to a lighter weight vehicle that could fly
in the .HHHJ*-.[‘.IIJE'IE’ at high altitudes,
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RE-ENTRY MODEL DEPLOYED
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Figure 24 is a typical curve that shows the altitude and velocity.
And this shaded area that you see is what we call the re-entiy corridor.
This is where most vehicles will have to fly when they come in from
outer space.

Normally, each square foot of the wing surface must carry some-
where around 25 pounds per square foot. By going to this inflatable,
light welght structure, we can plnhlhh divide that by 10 and have
each square foot take maybe only 2145 pounds per square foot. This
means you don't have to come down to the dense air to fly. You can
actually come in and fly at the high altitude.

These upper lines here indicate the altitude at which you could
probably f]l} with this vehicle and the lower region of this plot is
where a conventional hard structure would operate.

These lines drawn on here are basically temperature lines, The
bottom of this curve 1s the temperature through which you cannot
carry a hard structure because it would burn up.

The upper line 1s the aerodynamic line. With our vehicle, you can
see we would have lower temperatures.

So you see the whole thing 1s raised up. We can come in and fly
at higher altitudes. Because of that, we do not have the high temper-
atures. This temperature may be around 1,500 degrees, where with
conventional structure this is 3,000 degrees. We don’t have to develop
materials to go to such high temperatures as a hard structure, This
s why if we can develop coatings and finishes to take 1,500 degrees,
you can have a winged vehicle to fly in to a predetermined Luulmw
site. 1f you were just going to make a suborbital flight from Canayv-
eral, Figure 25 shows you the footprint of your maneuvering capa-
bility. Tt you sent it up, you could pick any place in that area and

RE-ENTRY FLIGHT CORRIDOR
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land on it. You might say, “I want to land on Island 9-A.” and you
would fly 1n as a conventional uir\:rlmm. When 1t gets to the low alti-
tudes, 1t 1s traveling at such a low veloecity that it would operate
much like a Piper Cub.

If you were going to put it into orbit, Figure 26 is looking down on
the top of the world. This is firing out of some place like Vanden-
berg.  You see, if this is the footprint of its maneuvering capability,
you could pick almost any place in the United States and land there.

‘ou do not have to pick a particularly large field. Because of the
light wing loading, you don’t need a very large field to land in.

I think now I might show you a movie of one of these units assum-
ing that this 1s the unit on the launch pad. This would normally
be standing this way. The entire inflated structure is in this hard
cover, and you can see the way 1t opens.

(Movie of Inflated Re-entry Glider.)

Dr. Ross. It opens up and goes to the predetermined shape. When
it opens, it opens to that shape and you now have a lifting type of
vehicle. It Lllmesn’t oo to a splmre. It goes to the aerodynamic shape
to which it was fabricated.

Then it can maneuver just like any other type of vehicle. The work
that we are doing in our house now is to try to develop the materials
that are needed to withstand the re-entry conditions that we will en-
counter on that kind of vehicle. As soon as that is done, we will be
able to fly in from outer space.

(Movie shown of wing structure opening in tunnel.)

Dr. Ross. Here is an example of what would happen—you know in
the suborbital shot we F}H]Wt-"{]l you, there might be some thought of it
coming in where there was some atmosphere and you would have to
open the wings in that atmosphere.

The next shot is in a wind tunnel and trying to open the wings
with air going by. You will find that this thing is going to be tested
at about 50 times the air load that we would normally encounter on
one of these suborbital shots. There 1s air blowing by at this time.

There are four shots here. This thing opens in about a second
or So.

The next one we put it at a high angle to see whether it would affect
it. It looks like this is a very promising area. We should be able to
2o on to look for re-entry vehicles of both the lifting and drag type.
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istration, the project has continued to be a team effort on a national
scale that involves, in addition to NASA, facilities and personnel of
all the military services, U.S. industry, and research institutions. The
degree of cooperation between NASA, DOD, industry, and other in
stitutions will become apparent in the body of this report.

In September 1958, a joint NASA-ARPA Manned Satellite Panel
was established. This panel, with the aid of detailed studies by stafl
members of the NASA Langley and Lewis Research Centers, and with
the advice and assistance of the military services, formulated specifie
plans for a program of research leading to manned-space flight. The
specific plans derived by the Manned Satellite Panel were presented to
the Director of the Advanced Research Projects Agency and to the
Administrator of the National Aeronauties and Space Administration
on October 3 and 7, 1958, respectively. Upon the approval by the
Administrator of the NASA on October 7, 1958, a space task group
was organized from personnel of the NASA Langley and Lewis Re-
search Centers and immediately began operations at Langley Field,
Va. The space task group was given direet responsibility for -
plementing Project Mercury.

-\'HHHHH.I"I'; u_f Progiress re ,f,;f,-

In January 1959, McDonnell ANirveraft Corp. was selected as the
prime contractor to design and construct the Mercury capsules, The
selection was based on an industrywide competition: 12 firms sub-
mitted proposals based on NASA specifications for the satellite eap-
sule. After a thorough evaluation of these proposals, the contract
was awarded to MeDonnell.

The compressed time-phasing of the project, between inception
and scheduled fhight, has required that research, development, design,
and fabrication be undertaken simultaneously. Thus, while the Me
Donnell Aireraft Corp. was implementing the initial design phases
of the Mercury production capsules, a broad research and develop-
ment program was being carried out. This program imcluded seien-
tific and engineering investigations using a wide variety of technical
equipment to determine a suitable shape for the manned satellite
capsule.

[F(ﬂ]nwinu' these investigations, a flight program was initiated to
develop and qualify the various components of the capsule. This
Might program included airplane drop tests in which full-scale eap-
sule models were dropped from large cargo aireraft at high altitude,
The tests were used to deveiop a highly reliable parachute system
and to determine procedures to be used in recovery operations. In
other tests, vehicles were relensed from fighter aircraft at supersonie
speeds to develop and qualify the capsule’s drogue parachute. The
escape system was perfected by launching full-seale eapsules with the
escape rocket as the only means of propulsion.

Rocket-boosted flight tests were required to check the capsule and
its components over a range of speeds and altitudes. A solid pro-
pellant rocket booster, nicknamed “Little Joe™ was designed and fab-

ricated especially for Project Mercury. 'This booster, which develops
one-fourth million pounds of thrust at takeoft, was used on a number
of occasions to further aid in the qualification of the all-important
emergency escape system.
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| lm'nllt:ln{! there was one last type of structure that you might be
interested m. That is one that we might want to have as a very large
structure, but it doesn’t have to have a high load-carrying ability, such
as for mstance a solar collector. Figure 27 illustrates here a typical
example of how thisis done,

SOLAR COLLECTOR

FIGURE 27

[t 1s collapsed mm a small package. We put it in space. We inflate
it and then we actually foam onto the back end of the unit so we have
I‘i;_"il'ii?:t'd it so when 1t 1s ]rulhtmm] IH.' micro-meteorites it doesn't
change shape. I will show you a movie here and how it ean be done at
high altitudes.

(Movie shown of foaming in altitude chamber.)

Dr. Ross. This 1s 1 an altitude chamber. This is a body that is in-
flated here. The solar concentrator is the portion on the end. This is
a large unit that will collect the sun’s rays and change it into electricity.,

Here we have some of the foaming process taking place. Once it 18
foamed, a high temperature wire burns ofl' the part we don’t need.
The Sun’s rays can strike the mirror and be collected and with an
energy conve rter would ¢ |1 ange 1t into electrical energy.

This is an example of a typical unit you can see there. We put a
piece of paper there, and you can see how it concentrates the energy
i a small source. In the unit that we have made for the Air Force on
this, we have found a tremendously accurate ability here. We have
measured 3,600 points on it. We have come within 98 percent of what
would be theoretically possible.
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[t looks like this system could go into extremely large structures
and make them into & reliable dimension that can do a jnh for us in
space. T'his thing of course i1s made out of films and foils and can also
be used for Earth applications.

( Four foot diameter collector model displayed.)

Dr. Ross. This was in a little package that was inflated and rigidized
in space. I think this gives us an iden of the things we can do. 11 we
o back to the slides now, I will show you what we are basically doing
in-house.

Figure 28 shows that in order to use this material you have to con-
sider Pwl‘.thlng from the basic material and coatings all the way
down through to the actual application. Each one of these things as 1
mentioned before, have to be considered in designing the final vehicle.
You can’t just take a piece of material off the shelf. You have to
design each of the structures for the specific apphication.

RESEARCH AND DEVELOPMENT PLAN

BASE MATERIAL
COATINGS
INTEGRATION OF BASE MATERIAL WITH GAS BARRIER COATING

DETAILED ESTABLISHMENT OF SPACE ENVIRONMENT CONDITIONS

EFFECT OF SPECIFIC ENVIRONMENT ON BASE MATERIAL AND
COMPOSITE STRUCTURAL PRODUCT

FABRICATION AND MANUFACTURING TECHNIQUES FOR
SPECIFIC MATERIALS AND APPLICATIONS

QUALIFICATION TESTS
INFLATION METHODS
DEPLOYMENT

ASSEMBLY AND STATION EXPANSION AND IN-SPACE REPAIR @

Ficure 28

Figures 29 and 30 show that in-house we are defining three areas,
thmv having to do with astronautics, aeronautics and tﬁe third area,
which is the tough one here, getting into the theories and experiments
that are necessa.y to prove out what you can do. The thing that 1s
different about this and hard structures, is that we now have to develop
equations and consider some things that we didn’t have in conventional
hard structures,

In a hard structure, once it is deflected beyond a certain point, you
forgot about equations. We have to set up some new formulas and
things that we can use.
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FiGURE 29

GAC DEVELOPMENT PROGRAM (CONT)

B.DESIGN THEORY
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POST BUCKLING
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EMPIRICAL FACTORS AND PROOF OF THEORY @

FiGure 30
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A typical example, Figure 31 shows some of the formulas that you
find in use in sheet metals. You see the constants that you normally
have in some of them change to variables in the new formulas. They

might even change from one direction to another because we can
change the material that w ay too.

STRESS -STRAIN EQUATIONS

ISOTROPIC (METAL SHEET, FILM, FOIL, etc)
éx = (0%~ hoy)
¢y * g (Ty-ox)
Txy * Txy/C

ORTHOTROPIC (FABRICS)

£x*g (%~ bxy %)

ty 'é}[“‘r‘ Wxy Ty)

=

FiIGURE 31

Figure 32 is a typical example for a curve for a metal (left side).
On tlm right side is a typical fabric. There is nothing wrong with
having it non-linear as long as you know what it is and use it
accordingly. A property we use on the airship is shown by the lowest
part of the figure. We find some of these materials are—you put a
load on a piece of material and let it hang for a period of time and it
might eventually break. If voucan ]n'mlul it in advance, vou can take
advantage of it.

[f you have these occasions once in a while where you have a very
high load that you are anticipating and encounter, you can increase
the pressure or increase the strength of your structure while you are
flying and bring it back down to the normal pressure. You don’t get it
for nothing. You give up some of the life of the material.

You might cut it from 100 to 10 years. This gives you a rough idea.
hurried hrmf background of a subject that we think has tremendous
potential. It appears with this *lhli]tu of folding up things in a small
package and putting them on a launch pad, using the type of boosters
that are planned today, we should be able to use space by opening
them up into large structures that ean do all types of work from the
space station hpe solar type. We in the R. & D, area feel this is
one of the areas that offers great potential challenge and you can see
we have had some great successes in our work in it.
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Ficurg 32

The Cuamyan. One question was asked about the cost. It is
probably too early, isn’t it, to give any definite iden about the cost?

Mr, Riciarnson. 1 would like to try to answer that question, Mr.
Chairman. Yes, it is pretty difficult to pin out exactly the cost of all
of these things

However, li think it is very evident that when you make a structure
like this, we have it fully made on the ground, we don’t have a lot of
rivets and actuators and things like that and the cost element is bound
to be much lower than m.thw similar types of metal structures,

Also, there are a lot of ilnntn that we can do with structures such
as this that can’t be done with metal struc tures. 1 think to come out
and name a dollar for such and such an item is quite a difficult thing
to do at this time, because all of them involve, what is the mission,
what are boosters required, what are the experiments that are to
be carried out, or what is the final application of the equipments that
have to go into it, and all of those get into the answer of cost.

We are very certain that the costs of vehicles like this will be much
lower than mmpnrnlulu metal vehicles.

The Cramryan. Thank you very much.

If there are no questions, I want to thank these gentlemen first from

NASA, and then secondly from the Goodyear Aireraft Corp. for some
very interesting dnd very valuable hearings that we have had this
morning. Our I'tlt"ﬂlhf‘l“-hl]} has apprec inted it very much and we have
gotten a 1 lot of information.

Mr. Ricmarpson. Thank you very much. Mr. Chairman. We
appreciate the opportunity to come because we think it is a subject that
as the weeks, months and vears come on ahead of us, it is one you
are ;.Iﬂlnlf to ]I[‘.ll" more of 1in the space effort of our countr V.
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The Cramyax. Without objection, we will place in the record at
this point the statement of the Goodyear Aireraft Corp. and the bio-
graphies of Mr. Richardson and his staff,

I am satisfied of that fact that vou mentioned, Mr. Richardson.

If there is no further business, the committee will adjourn, subjec
to call.

(The biographies and statement referred to are as follows:)

. W. RICHARDSOX
GOODYEAR AIRCRAFT (CORP.,, AKRON, OHIO

Robert W, Richardson, vice president for Goodyear Aireraft Corp. since
November 1954, was first associated with the Goodyear organization in 1934 as
a member of the production squadron of Goodyear Tire & Rubber Co.

He was transferred from the squadron the following yvear to take a position
with Goodyear Service in Brooklyn, N.Y. and later was associated with the
Goodyear store in Boston, Mass. In 1936, he returned to Akron to join the
Mechanical Goods Sales Department (now Industrial Products), of Goodyear
Tire & Rubber Co,

Subsequently, Richardson held sales positions with the Industrial Produets
division in Chicago and Buffalo and in 1941 was appointed district manager
of Goodyear's Aviation Produets division at Dayton, Ohio. He returned to
Akron in 1944 as assistant manager of the Industrial Products manufacturers’
sales organization.

He served as manager of the Aviation Produets division from 1945 until 1951,
when he was appointed assistant to the vice president in charge of manufac-
furers’ sales,

In 1952, he left AKkron to assume the post of assistant to the president of
Kellv-Springfield Tire Co., a1 Goodyear subsidiary. In February 1954, he was
appointed viece president of that company,

Richardson returned to Goodyear in Julyv, 1954, when he wns appointed sales
manager of the company’s North-central division at Chicago, T11. He was named
to his present position at Goodyear Aireraft four months later. Born in
sedattle, Wash., Richardson was graduated from Culver Military Academy and
attended Purduoe University. He is a member of the Wings Club, New York
City, and holds a private pilot's license,

He resides with his wife and three children, Thomas, Frances, and John,
in Hudson, Ohijo.

R. 8. Iloss
GOODYEAR AIRCRAFT CORP., AKRON, OHIO

Robert 8. Ross is now manager of aeromechanics research and development
department at the Goodyenr Alrcraft Corp. He has been with Goodyear since
July, 1849, and is responsible for all aeromechanics projects of a research
1:1:1{1 development nature in the undersea, surface, atmospheric and space

eld.

Previous to his position at Goodyear Airveraft, Dr. Ross was Technical
Director of the Daniel Guggenheim Institute, Akron, Ohio. He also taught
At the University of AKkron as Associate Professor and at the Case Institute
of Technology, as Special Lecturer.

Born May 31, 1920 in Lorain, Ohio, he earned his Bachelor of Science, Master
of Science, and Doctor of Philosophy degree at Case Institute of Technology in
1942, 1943, and 145, respectively.

Dr. Ross has been active in the field of aeronautics since 1942 and has worked
on lighter-than-air, and heavier-than-air projects including airships, balloons,
helicopters, convertaplanes, airplanes, and missiles, The Inflatoplane and Con-
voplane were two of his projects. He has also been responsible for subsystem
development such as jet engine reversers and supersonic escape capsules.

He is a member of the Aireraft Research and Testing Committee of the Aero-
space Industries Assoc. and was chairman of that committee in 1959, He is an
Associate Fellow of the Institute of Aeronautical Sciences, and a member of
Sigma Xi.
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He holds a professional engineers license in Ohlo, is a licensed pilot, has au-
thored many technical articles and holds several patents in the aeronautical field,

He i married to the former Betty 1. Bailey and they reside at 4270 Hickory
Lane, Cleveland, Ohio.

R. T. MADDEN
GOODYEAR AIRCRAFT CORP., AKRON, OMIO

Robert T. Madden, manager of astronautics sales at Goodyear Aireraft Corp.,
is responsible for programs concerning space and re-entry vehicles, recovery
equipment, structural components for outer space applications, as well as astro-
nautics research and development programs,

Madden joined Goodyear Alreraft in 1952 as an Enlineering Specialist in the
firm's Research and Development Department. He moved into the Sales organi-
zation in 1956 and handled the sale of escape capsules for supersonic aireraft
and re-entry vehicles before transferring to astronautices sales in 1959,

Prior to his association with Goodyear Aircraft, Madden spent 414 yvears with
the National Advisory Committee for Aeronautics conducting research on super-
sonie aireraft and ram jet propulsion syvstems. He also worked in the aireraft
industry as a missile systems engineer and as an ignition applications engineer
for turbine engines,

A 1043 graduate of the University of Notre Dame with a Bachelor of Science
degree in Aeronautical Engineering, he also took courses in high speed aero-
dynamies at Stanford University in 1948,

Madden spent 314 vears with the United States Navy during World War 11 as
an aireraft squadron engineering officer. At the time of his separation from
the Navy in 1946, he was aircraft overhanl inspection officer at Naval Air Sta-
tion, Alameda, Calif.

A member of the American Rocket Society, Madden resides with his wife, the
former Helen Marie Gallagher, and five sons in Hudson, Ohio,

SUMMARY PRESENTATION ON EXPANDABLE STRUCTURES
By
GOODYEAR AIRCRAFT CORP., AKRON, OHIO

The utility of lightweight, packagable fabric structures in considerations of
current and future engineering designs has led to a relatively new technology—
broadly identified as expandable structures.

This structural approach permits the designer to select and orient filaments
and elastomers to best snit a specific application in the anticipated operational
environment. This ability to create lightweight structures when combined with
packagability looks very promising, particularly for vehicles and components to
be used in space and re-entry applications.

Although expandable structures have been considered for many types of under-
senn and earthbound uses, space vehicle applications can be classified in three
major eategories,

1. High strength expandable structures for use in orbital and space vehicles,
such as manned and nnmanned space stations,

II. High temperature, high strength expandable structures for use in manned
and unmanned re-entry vehicles,

I1I. Lightweight expandable structures with possible foam rigidization for
nee in solar concentrators, antennae, unmanned satellites, and so forth.

In each application for expandable structures, the vehicle remains folded on
the launch pad and the desired geometrical shape of the configuration is estab-
lished by inflation with a suitable gas, once the vehicle arrives at its operational
altitude.

As noted above, in some application, afrer erection, the shape may be main-
tained by lightweight foam or other rigidizing techniques. By “patterning”
or weaving the fabric strncture in the desired final configuration, it is possible
to produce virtually any size or shape,

One of the big advantages of this type of structure is the ability to assembly
and inspect the entire configuration in the fabrication area before the unit is
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deflated and packaged into a canister for efficient handling as a ground trans.
port or booster payload.

Shapes such as spheres, ellipsoids, paraboleids, cylinders, and other bodies
of revolution can be readily fabricated in single wall structures by pattern
design, or “goring” to develop the desired inflated geometry., For those appli-
ciations where specialized shapes are desired, dual wall structures are formed
of a Goodyear product called Airmat (Goodvear Tire & Rubber TM). This
development has evolved from the process of weaving simultaneously the two
wall fabrics with interconnecting filaments, the leungth of these filaments
accurately establishing the wall spacing.

Using this technique, it is possible to create almost any desired shape in
the form of a pressurized expandable structure. Further developments in the
basie fibers and elastomers permit the utilization of high temperature metals
and glasses which result in structures capable of withstanding the heating of
specific re-entry applications,

It has become apparent that the need for larger space payloads has resulted
in the development of boosters which are dimensionally impossible to earry
on our existing highways or railroads, New means of transporting these from
the source of manufacture to the lanneh site must be developed.

A review of airship capabilities for handling large missile boosters indi-
cates that this is one of the most feasible methods yet devised for effectively
handling this problem.

The airship’'s ability to operate from extremely small areas and to travel
anywhere in the world with a cargo that will encounter less than a one-half g
load has been established in feasibility studies. Within the state-of-the-art,
it is possible to utilize airships for performing the mobility funetion of all
anticipated boosters. Attached is an illustration of a typical airship configured
to handle a large booster,

The need for developing a lightweight structure of high stractural integrity
for use in a space environment has resulted in the investigation of the ability of
expandable structures to be utilized in a manned space station application.

Here it is necessary to provide a large volume in the space environment while
the vehicle size must be compatible with an existing nose cone on the launch pad.

The ability to fold an entire space station into existing nose cone dimensions
permits the utilization of eurrent boosters to place a manned space station and
recovery vehicle in orbit at an early date,

Onee in space, the station can be expanded to its full dimensions and the man
move at will from his recovery vehicle into the station and back again. This
arrangement eliminates the need for a rendezvous between the manned vehicle
and the space station which would be required if each were sent up individually,

After performing a mission in space, the man could utilize his re-entry capsule
to return to Earth leaving the space station in orbit. Feasibility studies have
been made of this concept utilizing a Mercury type re-eniry capsule and an
expiandable torus type space station which would permit the performance of a
two week manned space mission while utilizing available planned boosters as
lannech vehicles,

Methads for construeting the expandable portions of the space station are now
being evaluated by NASA and GAC and a 30-foot diameter portion of one is
pictured under construction at GAC, An artist’s concept of how this unit will
look in space is also shown,

Expandable structures have been investigated as re-entry vehicles, both of
the ballistic type, which primarily uses drag forces to decelerate it and of the
lifting type which would permit Alyving in from space to a predetermined landing
area, muach as the conventional airplane,

Attached is a photo of a typical ballistie {ype decelerating system, generally
known as Ballute which utilizes a large lightweight inflated balloon for develop-
ing drag forces required for controlled re-entry. This GAC-developed system
has already been tested in superzonic wind frunnels and on the Cree missile up to
speeds of Mach 3.5 and programs are now underway which will evaluate its use at
ten times the speed of sound. This is an extremely simple and reliable syvstem
and has been a very successful Air Force program.

The feasibility of lifting type re-entry vehicles ntilizing expandable structures
i now being investigated and it appears that the utilization of this principle will
permit the erection of light wing loading vehicles that eould enter the earth's
atmosphere at very high altitndes and maneuver to a predetermined landing site,

This type of re-entry vehicle would not encounter the high temperatures re-




ab INFLATABLE STRUCTURES IN SPACE

quired by conventionally constructed units, thus providing decreased problem
areas in all the vehicle's subsystems., Investigations are now beilng made of
the types of materials as well as the manufacturing methods required.

The utilization of this concept should permit the development of lifiting type
re-entry vehicles which ean operate from existing boosters, A typical re-entry
vehicle in both the launch pad configuration—completely folded and the space
and re-entry configuration are shown on an attached photograph.

The requirement for power systems in space with consideration of the Sun
us a source of energy. In order to collect this energy and transform it into
useful electrical power, it is ordinarily necessary to provide a large solar con-
centrator to focus the Sun's energy into an absorber,

Expandable structures provide an ideal means for making collectors of high
dimensional aceuracy which can be folded up into small packages on the launch
pad and expanded in space, A means has already been developed for rigidizing
these structures so that they can be counted on for use as reliable orbital and
space subsystems components. These are usually made of films and foams and
are extremely light in weight,

This type of structure also lends itself ideally to all types of large space an-
tennae. A typical rigidized solar concentrator made by GAC for the Air Force
is shown in an attached photograph.

The use of expandable structures for space applications requires fundamental
work on materials, manufacturing methods, and application analysis, some of
which is planned by NASA and the Air Foree. However, engineering feasibility
studies and tests conducted to date indicate that these large structures can be
nsed with existing boosters to perform missions which ordinarily would have
to wait for the development of larger launch vehieles. The application of this
technology now should not only provide a new immedinte space capability but
also a tremendous potential for future systems.

(Whereupon, at 12:10 p.m. the committee adjourned, to meet again
on Tuesday, May 23, 1961, on another subject.)

O
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The validity of the Mercury design concept was demonstrated in
the fall of 1959, during an Atlas-boosted capsule test nicknamed “Big
Joe.”  In that test a capsule was made to reenter the Karth’s atmos-
phere after being accelerated to nearly orbital speed. The Big Joe
capsule, which survived the scorching heat of reentry, was later re-
covered many hundreds of miles from Cape Canaveral.

To date more than 100 wind-tunnel tests of the Mercury capsule
have been performed ; and about 150 capsule models have been dropped
from airplanes in the parachute development program. The escape
system has been tested four times in simulated off-the-pad abort ma-
neuvers, and seven more escape system tests were performed in con-
nection with the Little Joe flights. Mercury escape systems were also
activated on two Redstone and Atlas flights when booster perform-
ance was abnormal. The excellent condition of the capsule after
these escape tests, several of which were unusually severe, increased
the confidence in the Mercury escape system. Small monkeys were
carried in two of the Little Joe flights and a chimpanzee was flown in
a Redstone flight to exercise the life-support system and gain further
information on the effects of space flight.

All of the early flight tests were made with so-called boilerplate
capsules., These capsules simulate the shape and weight of the Mer-
cury capsules but do not contain many of the systems and subsystems
that will be required for manned operation. Boilerplate capsules
are of simple construction, utilizing heavy welded sheet metal.

Concurrent with this research and development effort, the design
and fabrication of the Mercury capsules was proceeding at McDonnell,
Modifications to the design, arrangement, and structure were made
during the conduct of the program, as requirements for such changes
became evident as a result of the research and development tests.
Nevertheless, a structural prototype capsule was delivered in January
1960, and the first production capsule was delivered during March
1960, a scant 13 months after the contract was initiated; such rapid
delivery of a device as complex as the Mercury capsule 1s without
precedence. Twelve capsules were delivered by the end of April 1961.

Requirements for the Redstone and Atlas launch vehicles, used in
the Mercury program, were also firmed up early in 1959, Continuing
cooperation between NASA and the military services has been re-
quired to assure compatibility between the Mercury capsules and the
launch vehicles.

Four Atlas flights have been launched. Two of these flights pro-
vided verification that capsule heat protection was sufficient for the
most severe reentry heating conditions. Although the remaining
two flights did not achieve the planned objectives, capsule pressure
integrity during an inflight booster explosion was demonstrated on
one flight, and the spacecraft escape system was successfully demon-
strated on the other.

Four Mercury-Redstone boosters were successfully launched.
Three of the flights involved production spacecraft and one was a
booster development test with a dummy spacecraft.

A highly successful qualification of the man-Mercury spacecraft-
booster combination occurred on May 3, 1961, when Astronaut Alan
Shepard flew the first manned Mercury-Redstone mission,
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THie COMMITTEL ON SCIENCLE AND ASTHONAUTICS, House of Hepresentetives, is for the
advewuiced research prcjects in the Defense Department. The committee is to see thet
this Netion hes & defense research and engineering program superior to that of any
other nation. The research eaund engineering progrems of the Army, Navy, Air Yorce
end the Advenced nesealch Projects Agency are supervised by the Department of
Deferses The job of the Office of the Secreteiy of Lefense is to see that the
compe tition between the militery services is kept within reasonable bounds end that
only the most promising development progrems ale permitied to go inio the costly
production phase,

To conduct trLe review of the research, developuwent, test and englleering
progrem there is & staff of professional personnel who heve engineering and
scientific background. In eddition to reviewing the progreax deate thus submitted
the Department of Lefeunse staff carries on slmost constent cocomunicetion with
their opposite numbers in the militery depertments who know the most sbout specific
programs esud projects; the; meke visits to militer; installations such as test
ranxes, proving grounds end leboratcries to observe the work going on at firsthend
end also visit the plants oi defeuse contrectors wio are perfoiming research and
engineeing work 1tor the DOD.
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The Air Force is trLe lergest end includes such additional iteus as systeus
plenning studiee; considerable effort on ¥light medicine and related environmental
studies; the operat.ons and logistics studies conducted by Rend; and the technical
information exchange represented by ASTIA, The adveinced reseesrch wora of AnPA
in the field ol propellants and other work related to spece progrems end the
resesrch and testing prograns of DASA are eleo included under this activity.

DASA means Defense Atomic Support Agency and this group runs the nuclear weapons
tests end the weepons effects periments,

: DCD research and engineering effort is closely coordinated with the otker
research progrems of the Federel Government wherever appropriete. The work is

A carried on closely with that of the Atamic Energy Cammission on all resesrch,
engineering, end testing concerned with application of atomic energy to militery
uses.

There is a constant liaison and coordiuetion with the Department of State in
the mutual weapons developument program and applicable NATC activities, There is
& clcse worcing reletionship wiih the Federal #viation .gency on reseerch and
development pertaining to communication systems related to air nsvigation.

There is a close coordination betweel. the medicel reseerch progremns of the
Departwent of Health, Educetion and Welfere and the Lepartment of Defense.

The Department of Defense is interested in the Maritine Administration @ ogrems
of trausportation end logistics, including cargc-handling reseerch. “lwmost sll
areas ol besic research conducted by the Netionel Science foundetion are of interest
to the lLepartment oif Defense, and the LOD has participated in m:iny studies and pro-
grams conducted by the National Science Foundation, including of course, the
Internation Geophysical Year program.
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. There are other Government agencies doing or sponsoring work which reletes inp

verying degrees to the defeunse effort, Privaete industry is elso spending increased
f suus for research and engineering in meny fields where the results cen be used for
v military as well es for civilien purposes.
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The worx of preparing and considering legislation is done largely by
committees of both Houses of Congress, The personnel of the gtanding
comujttees of each house is chosen by & vote of the entire body.

All bills and resolutions are referred to the avpropriate coumittees,
which may report a bill out in its original form, vote against it in
cormittee, make changes, or allow the proposed legislation to die in

comnittee , - U, S, Government Or; anization Manual, 1960-1961,




QVLRTON BROOKS - Democrat, Shreveport, Louisiana, Born in East Baton Rouge
Parish, Louisiana, 21 December 1897; son of Claude M. Brooks, deceased, and
Mrs Penelope (Overton) Brooks, liviug; has four sisters and one brother,
Married Miss Mollie Meriwether on 1 June 1933 and they have one desughter,
Laura Ann.

kBducation - Attended public schools of East Baton Kouge Parish, completing
the 4-year high school course in 3=142 years. Entered Louisisna State University,
taking the Arts and Sciences course. Lef't the University to enlist in the
1st Division United States Army, July 1918. Returned to Louisiana State
University and graduated from the Law School 10 #pril 1923 with honors, 3 months
before the ena of the regular term. Has LL.B degree and lacks one hour credit
for masters degree.

Law Practice - Admitted to practice law before State Supreme Court and
began practice at Shreveport, Louisiapna 1923. Became United Stetes Commissioner
on 1 September 1925 aud as such served for 10 years. Delegate to Netional
Demogratic Convention in Chicaego, Illinois iu 1952 and at Los Angeles, California
in 1960. Elected to the 75th and to the twelve succeedi ug Congresses,

Military Service - knlisted in the lst Division, Lnited States Army in July
1918 and was honoratbly discharged on 1 Septewber 1919. Served in Frence, Belgium

and Germsnye.

Orgenization Membership = Member kpiscopal Church; is & 32d degree Mason,
shriner; member of klks, American Legion, Veterans of Foreign wars, Louisieans
Farm Bureau Federation, Shreveport Bar Association, Louisiesne Bar Associetion,
Kiwania Club, and Forty aud kEight Orgenization,

Committees - President of Netional Rivers aud Harbors Congress for 5 years
and now chairman of the board of this organizetion, Member of Government Operations
Comui ttee. 4in January 1959 wes made chairman of Major House Committee on Science
end Astronautics and and reappointed to this cheirmemship in 1961

Adresses - Home - 6lh Linden Street

Office = Federal Building, Shreveport La,.




Kerth, Joseph Edward,
Born: August 26, 1922 in New Brighton, Minnesota,

ELduceted in Ramsey County elementary schools and North St. Faul High School,
Attended the University of Nebreska - School of Engineering for 2 years
of college courses in engineering - education was interrupted by 2 call
to Combat Puty. Served in E, T, 0. - received a recommendation for a
Battlefield Commission,
Employed by Minnesota Mining and Manufacturing Co.; Internaticnal
Representative of the OCAW-AFL-CIO for 10 years, Member of the Minnesota
House of Representatives from 1950 to 1958, and during the special session
of 1958 was voted "Outstanding Legislator"., Elected to 86th Congress on Nov,
L, 1958.

Military Experience: Listed Above,

Organizations

V. F- ""Ii

American lLegion

Indianhead Council of the Boy Scouts

First Presbyterian Church - White Bear Lake, Minnesota

Married the former Charlotte Nordgen end they hsve two sons,

Party;: Democrat in Congress and Democrat-Farmer-Labor in Minnesota,

Congressional Comnmittees:
Coumittee of the House: Science and Astronautics: Member
Home Address: 2334 East County Roed, St, Paul 9, Minnesota

Off'ice: House Office Building; washington 25, D, C,
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MeCormack, John W,

Born: December 21, 1891 in Boston, Mess, the son of Joseph H and Mary E, (O'Brien)

McCormeck. Married M, Harriet Joyce in 1920,

Educated in the Public Schools. Admitted to Mass, Bar in 1913 and is
a member of the law firm of MeCormack and Hardy,

Mass, Constitutional Convention: 1917-1918
Mass, State House of Representatives: 1920-1922,
Mass, State Senete: 1923-1926 (Democratic Leader)

U. S, Cougress:House of Representatives: 70th Congress - from the 1lzth
Mess, District, (Msjority Leader)

Military experience: None

Organizations:

South Boston Citizens Association

American Legion

Knights of Columbua

Elk

Moose

Catholiec Order of Foresters

Ancient Order of Hiberians

Democratic Farty

Hon, Degrees: 1L,.B, conferred by Boston University and Holy Creoss Ccllege
and Villanova College, Tufts College, Catholic University of America and
many others.

Honors: Knight of Malta, First Class; Ieace Metzal of the 3rd order of St,.
Francis; Knight Commander, Order of St, Gregory the Great with Star;
legion of Honor, Renublic of the Fhilip ines,

Congressional Committees:

Fraiklin Delano Roosevelt Memorial Commission (Crected by Fublie Law 372, 84th

Congress)
Committee of the House on Government Operations: Member

Officers of the House: Office of Majority lLeader - Floor leader: John W,
McCormack,

Home Address:
726 Columbia Roed, Boston, Massachusetts
Office: Post Office Building, Boston, Mass
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The illl!!h'll'tl*lll:ll.FHII of the orbital llhil‘-l' of "roject E[i'l'l'll]‘.\' will
require the use of a global network of tracking nnd data acquisition
stations, A total of 18 such stations will be required at the following
locations: (Cape (Canaveral: Grand Bahama: Grand Turk: Bermuda,
a ship in the Atlantic Ocean: Canary Islands: Kano, Nigerin: Zan-
zibar, a ship in the Indian Ocean; western Australin: Woomera,
Australin: Canton Island ;: Hawaii: southern California: west Mexico:
White Sands, N. Mex.: south Texas: and at Eghn Air Foree Base,
In July 1959, the Western Electriec Clo. was selected as the contractor
to construet and install the equipment at the Mercury network sta
tions. To date, agreements with foreign countries have been finalized,
the sites have been prepared, and construction at all sites is complete.
The installation of equipment at these sites has also been completed,
Nine of the network stations and the two network ships will be main-
(ained and operated by the Department of Defense and 1ts contractors,

(Capsule recovery will be effected by the U.S. Navy. Recovery
plans were formulated jointly by NASA und the Navy and numerous
exercises have been conducted in order to establish the best search and
recovery patterns. Realistic tests of these methods were achieved
during the successful recoveries following Little Joe, Redstone, and
Atlas tests.

Early in 1959, the seven Mercury astronauts were selected.  Since
that time they have participated in an intensive traiming program
which has now progressed to the point where the men are ready for
the first manned ballistic flights, This training program employed
N ASA simulators, in addition to facilities of the military services, .\
tenm of aeromedical monitors has been detailed to NASA from the
military services and from the Public Health Service. During future
flight operations, these monitors will determine the condition of the
astronaut as he passes over each of the network stations and will par-
ticipate in the recoverv and postrecovery activities,

[ utre f,.muf.w

Project Mercury is a continuing program of concurrent efforts in
research, development, engineering, manufacturing, test, and train-
ill;!'.. all aimed at the foeal {miul of successful manned orbital 1“;.1‘]1!
at the enrhiest possible time,

Project Mercury is being pursued with the greatest sense of urgency,
This urgency stems from the fact that the project will supply answers
to many questions that must be answered before one can proceed with
the next step in the manned space flight program. Before future
programs can go very far downstream, much must be learned about
man’s capability in space and about the general technology of manned
space flight. This, basically, is why it 1s most important to do Project
.“l*l‘t"lll'_\‘. and to do 1t soon.

Project Mercury has been endorsed by the National Xeronauties
and Space Council, and approved by the President, as a program of
top national priority. Consequently, it carries a DX priority rating,
But a DX priority rating alone does not assure that a project will
nmaove i'ur'\!.':n'll at N grent rafe Hf -]wi'il. T]u' 1Il|.]ih*nu'||'r:tti-:m nf H |
project such as Project Mercury demands, on a continuing basis, great
energy, great enthusiasm, and great determination. Work on Project
Mercury, both at the MceDonnell plant and at Cape Canaveral, 1s pro-
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12 PROJECT MERCURY

ceeding on a three-shift, T-day-a-week basis, All members of the
Mercury team, be they in NAS A, in DOD, or in private industry.
are making every effort to meet the coals established for them.

It must be recognized, however, that PProject Mercury 1s a research
and development program, and, therefore, does not lend itself to
the firm type of scheduling that can be maintained on a typical produc-
tion job. Instead, it is only possible to establish target dates with the
full recognition that such target dates must be changed as new
knowledge is gained.

In Project Mercury, target dates have been established for every
facet of the operation. These include target dates for deliveries of
parts, components, subassemblies, systems, and complete capsules:
they also include target dates for n.l[mlle preparation sequences and
launch periods for all flight tests. As is always the case in a complex
research and clmulnpllu*nt program, some of these target dates have
been met ahead of schedule, others on schedule, some behind schedule.
Yet, there is always sufficient flexibility in this type of program to
allow for some adjustment of schedules. For example, if a certain
subassembly 1s not received from a vendor on time, work can proceed
on the installation of another subassembly; and if the target date for
a given flight test is missed, other tests might proceed ahead of

schedule.

Perhaps the most important target date in the overall Mercury
schedule is that for the achievement of manned orbital flight. As was
mentioned earlier, Dr. Dryden in congressional testimony in 1958, im-
plied that this mission could be .u:-mnphahml sometime during 1961,
[f no setbacks are encountered during the flight qualification program,
it 1s hikely that this target date will be met.

(FENERAL DESCRIPTION

The Mercury program consists of a number of phases, the culmi-
nating phase being manned orbital flight for a period of 414 hours,
or three times around the Earth. Prior to the manned orbital flights,
detailed design, research and development, and qualification programs
must be pursued. The design phase of the program was largely com-
pleted during 1959: however, as a result of the continuing research
and development program, many design refinements and design
changes have been made in the basic configuration. The largest part
of the research and development, phase will be completed and the
qualification phase of the program was started during 1960, The cul-
minating phase of manned orbital flight should, 1f all goes well, oceur
before the end of 1961: this event will be preceded by additional
manned ballistic flights in Redstone-launched capsules and nnmanned
orbital flights, u--.m;_rllw Atlas lnunch vehicle.

Let us now examine the manned orbital mission. The capsule will
rest atop an essentially unmodified Atlas launch vehicle as shown in
figure 1. The launch will take place at Cape Canaveral, Fla., and will
be in a northeaster ly direction toward the island of Bermuda. Initial
ascent. will be almost verticle: as the velocity increases, however, the
flight path inclines and, long before the vehicle is over Bermuda, it
will be traveling parallel to the surface of the Earth at orbital veloc-
ity. The point at which orbital veloeity is achieved is called injection.
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14 PROJECT MERCURY

At this point the manned capsule, or spacecraft, will be separated
from the Atlas launch vehiele and will be traveling at a velocity of
about 17,500 miles per hour. Small rocket jets carried on the capsule
will then rotate the capsule to orient it in the desired direction in
space—that is, with the ,|n|||nt capsule face forward and with the astro-
naut’s feet pointing toward Earth. The manned spacecraft will then
circle the earth three times at Iatitudes varying from approximately
427 north to 327 south, As the capsule nears the end of its third orbit
and 1s traveling overhead between the 1slands of Hawaii and the Cali-
fornia coast, a retrorocket system will be fired to slow the capsule
slightly below orbital velocity. This deceleration from an orbital ve-
locity of about 17,500 miles per hour to the suborbital velocity of ap-
proximately 17,150 miles per hour, will eause the capsule to descend
earthward: as the capsule descends from its nominal orbital altitude
of about 100 miles, it will encounter the denser atmosphere. The aero-
dynamic drag forces in the atmosphere will rapidly slow the capsule
further until it is at a subsonic velocity of approximately 350 miles per
hour over the Atlantic Ocean not far from the island of Puerto Rico,
At this point, n small stabilizing parachute will be deployed ; later, ant
an altitude of 10,000 feet, deplovment of a large 63-foot diameter
cargo parachute will take place and the capsule will be gently lowered
to the surface of the ocean.

While the capsule is circling the Earth, near-continuous radio con-
tact will be maintained with the astronant. As the capsule is lowered
to the surface of the ocean, location aids such as Sofar bombs will
be ejected and direction-finding radio signals will be sent out to aid
m rapid location of the capsule. Ships and aireraft in the planned
recovery area will then home on the direction-finding signals. Air-
craft will guide the recovery surface vessels to the scene of capsule

impact.

+n this point, a normal mission has been considered, with the as-
sumption that evervthing goes as planned. Asin the case of a manned
aireraft with ejection seats and pilot parachutes, provision must be
made for unplanned emergencies. Next, some nII these provisions
that have been made to handle such emergencies as might occur will
be considered. First of all, as shown in figure 2, a separate rocket
propulsion system, called an escape or abort svstem, is provided. This
will carry the capsule to safety, should the Atlas nmllfunutiun while
on the launch pad or during the early phases of ascent. The abort
system may be energized automatically or by ground control, or by
the astronaut himself.

Should an abort or emergency landing be necessary, it 1s apparent
that the capsule will land in other than the planned recovery area.
Therefore, provisions must be made for retrieval of the capsule from
emergency areas, If the emergency should occur while tLv capsule
and launch vehicle are on the launch pad, the capsule, after hring
the escape rocket system, would land within a short distance of the
launch pad, and emergency recovery provisions can readily be imple-
mented. Should an emergency rumllitiun occeur fairly early i the
flight while the vehicle is well below orbital velocity, the capsule
would land in the area between Florida and Bermuda., This area
will be covered with aireraft and surface vessels for possible emer-
gency recovery purposes. If an abort should be required at near-

——
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16 PROJECT MERCURY

orbital velocity, the capsule could land anywhere over a substantial

ortion of the Earth’s surface unless some corrective action is taken.
nder such circumstances, the retrorockets of the r:llmulﬂ will be
utilized to control the emergency landing point to within one of sev-
eral planned landing areas in the Atlantic Ocean. These recovery
areas will be thoroughly patrolled by aireraft and surface vessels,
Recovery forces will also llw provided within the landing area that
would be reached by ending orbital flight after the first or second
orbits.

Within the time period of Project Mercury activities, it 1s apparent
that the reliability of large hquid rockets, such as the Atlas, can-
not approach that of conventional manned aireraft systems. There-
fore, 1t 1s essential that the reliability of the escape system be of a high
order. Hence, a major effort is going into the development and quali-
fication of the emergency abort systen.

Tae Mercury ManseD (CAPSULE SYSTEM

A detailed description of the Mercury capsule or spacecraft and
associated systems is presented in House Report No. 1228, published
in January 1960. Hence, a brief llEHi‘l‘illti{Hl of each system will be
presented in the present report: in addition, recent developments and
the current status of the various systems will be discussed.

In considering the status of the capsule and its systems, it is 1m-
portant to remember the compressed timetabie on which the Mercury
capsule development has proceeded. Concurrent {Iv:-;iEn, develop-
ment, and production have, of necessity, been undertaken in order
to make the most rapid progress possible. [Under such conditions, it
was inevitable that retrofit and redesign of certain components of the
system were necessary as associated research and development pro-
grams progressed. The most sophisticated of theoretical analyses
and analytical designs cannot anticipate all developmental problems
that might arise, and those modifications that might be required. Only
experimental investigations of actual prototype hardware can, in many
cases, confirm satisfactory equipment operation. In many instances,
system deficiencies show up only under actual full-scale flight con-
ditions, even though the most extensive ground testing possible has
been carried out.

Basie capsule structure and heat shielding

The Mercury spaceeraft, figure 3, has a 745-1nch maximum diameter
with an 80-inch spherical radium heat shield. The afterbody con-
sists of a cone frustum which surrounds the pilot’s pressure vessel,
a 32-inch-diameter cylinder which contains the parachutes and on-
board recovery systems, and a cone frustum which forms a communi-
cation antenna and contains the drogue parachute and horizon
scanners.

The heat of reentry will be dissipated by a large rounded heat
shield. Early Redstone-launched Mercury flights will utilize a beryl-
llum heat sink for this heat shield, whereas later orbital flights will
use an ablation heat shield material.

At the time the original Mercury specification was written, the heat
sink approach was within the state of the art, while there was no ex-
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perience with ablation materials for the case of reentry from satellite
orbit.

The deecision was made, therefore, to design the Mercury capsule so
that 1t could safely reenter the atmosphere with a beryllinm heat sink.
It was recognized that a vehicle of a shape designed specifically for a
heat sink could be fitted, at a later date, with an ablation heat shield.

The approach used, therefore, was a conservative one. If ablation
techniques were found to be -nlrpluahln to satellite reentry, the Mer-
cury capsule could use such materials. On the other h: 111{] if abla-
tion did not prove to be adequate, the Mercury capsule coulc I, withouf
change, accept a beryllium heat sink. As a result of the Big Joe de-
velopment flight tests made in September 1959, and Hlllht‘l]ll{llf analy-
sis of results, a firm decision to go ahead with the use of an ablation
heat shield for all the orbital flights was reached. The recovered Big
Joe capsule is shown 1n figure 3. The previously ordered h['l‘u.“]lllt]
heat sinks were designated for use in Redstone ballistic flights.

The Big Joe flight test also showed unexpectedly high dflmhucl}'
heating under tlw most critical reentry conditions.  Although hun-
dreds of wind tunnel tests had been made on the afterbody heating
problem, none had been able to duplicate fuliy the actual full-seale

reentry conditions and thus, it took the actual full-scale flight to
uncover this problem. In order to withstand this higher heating, the
thickness of the external skin on the conic afterbody has been 1n-
creased, and the construction of the cylindrical part of the afterbody
has been changed to beryllium plate in place of the formerly used
light-gage metal.

During the Mercury capsule research and development program, it
was found that the impact load sustained during a lu‘uhn;r on the
ground, such as would occur in an off-the-pad abort, could exceed
human tolerance limits under certain wind conditions. Therefore, the
impact-alleviating or cushioning device, shown on the MR-3 capsule
in figure 5, was developed. The cushioning effect is obtained by use of
a collapsible skirt which is located between the heat shield and the
capsule structure. At the time of parachute deployment, the heat
shield is disconnected from the capsule and suspended about 4 feet
helow the capsule with the collapsible skirt extended. With the heat
shield so suspended, the ".'t}hlnw between the heat shield and the cap-
sule structure fills with air. Upon impact, the entrapped air escapes
through holes in the sidewall of the skirt, thereby acting as a pneu-
matic shock absorber. Some i-.ttﬂuﬂhi,-nm,t_r of the capsule lower bulk-
head structure was found necessary to withstand the loads trans-
mitted by the skirt upon landing impact.

xtensive tests have been made to contirm that the installation will
attenuate land 1mpact loadings to levels acceptable to human
occupants,

The installation of the impact attenuation skirt allowed removal of
four inflatable flotation bags which were located in the upper section
of the capsule. These bags were to be inflated on impact and were
to serve the purpose of keeping the top end of the capsule out of the
water during astronaut egress through the top emergency hatch. With
the skirt installed, the space between the heat shield and the capsule
structure will fll, after impact, with some 5,000 pounds of water. In
this manner the impact bag assembly acts as a sea anchor, thus pre-
venting the capsule from eapsizing during astronaut egress.
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CAPSULE INTERNAL ARRANGEMENT

FIGURE 3 Mercury capsule intermal arrangement
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Retrograde rockets

The return of the capsule from orbit is initiated by the firing of
a retrorocket system which slows the capsule from orbital velocity to
approximately 350 miles per hour below orbital velocity. Three sepa-
rate rockets are used, and each of the three has its own prime and
reserve ignition system, so that utmost reliability can be assured.
In an emergency any two of the three retrorockets would bring about
reentry, although for expeditious recovery, all three are used.

Development of the retrorockets has been completed. During de-
velopment, 40 motors were fired at the Thiokol factory and additional
motors were fired under simulated space conditions at the U.S. Air
Force Tullahoma facility and the NASA Lewis Research Center Alti-
tude Facility. Qualification tests of the retrorocket motors have also
been completed.

Fscape system

As has been mentioned previously, provision i1s made within the
Mercury capsule system to terminate the mission and escape from the
vicinity of the launch vehicle in case of malfunction. The escape
maneuver 1s carried out by use of the escape rocket up to the time of
booster cutoff. In order to provide ra :ui::lI separation of the capsule
from the launch vehicle, the escape rocket has a high level of !}ll'llﬁt
over a short period of time. Because of its location on the tower
extending ahead of the capsule, the escape rocket motor utilizes a
triple nozzle with the three nozzles canted outward so that the exit
flow does not impinge upon the capsule structure,

It is important that the magnitude and direction of the resultant
thrust vector of the three nozzles be controlled to close limits and that
the direction of action be known precisely. In this way, the capsule
can be forced away forward and to one side of the booster during an
escape maneuver, without setting up a tumbling motion.

Development and qualification tests of the escape motor have been
com IETE{‘. A total of 59 motor firings was performed during the
development and qualification tests. In addition to tests performed
by the manufacturer, one escape motor was vacuum-test fired at the
(".S. Air Force Tullahoma facility, four escape motors were vacuum-
tested at the NASA Lewis Research Clenter, and three Little Joe and
two beach abort tests at Wallops Island were made, all successfully.

Landing and recovery system

The Mercury capsule utilizes parachutes to achieve a safe descent
and landing, Altogether, four parachutes are installed in the capsule.
The drogue parachute has a 6-foot diameter, conic, ribbon-type canopy
with approximately 6-foot-long ribbon suspension lines, and a 30-foot-
long riser made of dacron to minimize the elasticity effects during de-
ployment. The drogue parachute is packed in a protective bag and
15 ejected by a mortar. This parachute provides a backup stabiliza-
tion capability for the capsule in the event of failure of ILE reaction
control and stabilization system and also serves to slow the capsule
to approximately 200 miles per hour before main parachute opening
shock.

The main parachute i1s a 63-foot diameter ring-sail cargo-type para-
chute. Throughout the test program, this parachute has shown ex-
tremely favorable opening characteristics, as well as good stability
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after opening. The reserve parachute is identical to the main para-
chute. It is deployed by a flat circular-type pilot parachute. The
main parachute 1s tipplmml automatically by means of sequencing and
altitude sensing devices: however, should the automatic system “mal-
function, the pilot can manually {h-phn either parachute.

The ﬂlrht test program of the landing system was tm‘.n}ﬂﬂn-tl
August ]1 1960. The final qualification program consisted of 56
tlltl]h of a hmh-iplnn! capsule, equipped with the lunhn,t_r system com-
ponents. These drops were made from Air Force ('—130 aircraft up
to 30,000-foot altitudes, or from a Marine HR2S helicopter at low
altitude in order to simulate off-the-pad abort conditions,

Environmental control system

The environmental control system shown schematically in figure 6
must. provide an acceptable at mmplwu- for the astronaut throughout
the period of capsule occupancy. The system 1s designed to Imnlclv
n sufhicient i-_-uppL of oxygen to sustain life for 40 hours J.IHI {0 main-
tain cabin pressurization under emergency conditions. Carbon di-
oxide content, gas temperature, and humidity are maintained within
nccept: able limits. Oxygen is stored in two spherical containers at
very high pressures. A water cooling system, designed to operate in
w {ltghtlewa flight, is used to dissipate the heat generated by electronic
equipment and by the astronaut. Aectivated charcoal and lithium
hydroxide are used for odor and earbon dioxide removal.

A qualification program for the environmental control system has
been completed. Manned tests of the system were begun on June 20,
1960, The test program included a number of 4-hour tests which dem-
onstrated the system operation in all modes including simulation of
system failures. A 28-hour mission simulation and a 12-hour dura-
tion postlanding test have also been made. Many components of the
environmental control system were installed during centrifuge tests at
the U.S. Navy Johnsville human centrifuge (AM AL) in October 1960.
These components operated very satisfactorily under the simulated
flight conditions of the Redstone launched flights.

Attitude control xyxh*m

The attitude control system must provide for automatic or manual
attitude sensing and control of the capsule throughout the flight. Atti-
tude sensing 18 Il{'{'{}m[lll'-]'tt‘{l through a combination of horizon scan-
ner and gyroscopic equipment. The location of the capsule in the
pitch, roll, and yaw planes is controlled by a reaction jet system which
uses hydrogen peroxide as a monopropellant. While in orbit, the
control forces required are very qnmﬁ and a low thrust mode of opera-
tion of the reaction jets is sufficient. During retrorocket firing and
durmg atmospheric reentry, a high-level thrust is required. In order
to ]lH.’rl’Itlt‘l‘IIlh dual level of thrust, two sets of reaction thrust chambers
are provided in the automatic sy stem. In order to increase overall
mission reliability, provision is also made for the pilot to sense and
control the « .||:~nulp- attitude. A periscope and window are used for
visual attitude reference by the astronaut. A third set of reaction
jets, activated by the pilot’s control stick. is provided.

Qualification and reliability testing programs have been completed
on the horizon scanner, periscope, automatic stabilization and con-
trol system, and rate stabilization and control system.
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The automatic reaction control system uses solenoid valves for on-ofl
control. The manual reaction control svstem utilizes either mechanical
actuated valves with direet mechanical hinkages to the ||i11|'[ controller
or solenoid valves.

A thrust chamber evaluation program at the NASA Lewis Research
Center was completed early in 1960, Since that time, the qualification
tests of the reaction thrust chambers and the associated equipment have
been completed.

f'”ﬁf .\Hlf:!wu'f -‘.".I'H.i‘F J"f'xi"f'r!.;uf

Production of individually fitted couches for the astronauts has now
been completed (fig. 7). These couches were used during simulated
Redstone flights run on the centrifuge in October 1960,  Although
experience with the body restraint harness indicated it was acceptable
for the flight mission, experience with the egress trainer has indicated
that the pilots should be able to release the harness positively and
apidly. It had been necessary to unthread the knee and chest buckle
on the original harness; however, a revised harness, currently in use,
carries quick release fittings. The original head restraint system has
been removed. It was felt that this locked the head so firmly that
any shoulder or body movement might injure the neck. Consequently,
the current configuration provides lateral restraint only and permits
the head to move upward and forward. Tests which were conducted
on the Air Force deceleration sled at Holloman Air Force Base dem-
onstrated the adequacy of the modified system.

Communications (onboard)

The Mercury capsule communication system is designed to provide
two-way voice communication, position tracking capability, air-to-
ground physical and biologieal tll}ltll transmission, ground control of
vital capsule events and postlanding search and recovery assistance.

The communication system Is lmuﬁ- up of the following equipment :

(1) A 2-watt UHF voice transmitter-receiver. This unit 1s de-
signed to provide two-way voice communication for the entire mis-
sion ilu'lmllin;_: continuous radio carrier for direction finding after
main parachute deployment,

(2) A Y%-watt UHF voice transmitter-receiver which provides
backup for the 2-watt system and serves identical functions, once
selected by the astronaut,

(3) A d-watt HF voice transmitter-receiver. This unit is designed
to provide extended range for two-way voice communications, backup
for UHF voice circuits for emergency use, or for normal use when
orbital path is beyond line of sight range.

(4) k l-watt HF rescue voice transmitter-receiver, 1This unit s
designed to provide two-way voice communications with beyond line-
of-sight range capability. It will be energized only after impact, as
a backup for UHF voice communication during the recovery phase.

(H) l 3.3-watt telemetry receiver (high frequency). This unit is
designed to provide for biological and |:'||}'r-i1'u‘ data transmission o
ground-range stations; a backup for onboard instrumentation data
tape l't‘l‘ll!'lii-t’r: verification of events transmitted to or ]u'u;_r!':lmml
within the capsule; and emergency telegraph transmission in the event
of complete voice-communication failure.

_
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FIGURE 7.—Project Mercury molded couches.
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(6) A 3.3-watt telemetry transmitter (low frequency). This unit
18 designed to perform the same function as the high frequency telem-
etry transmitter and provides redundancy of flight safety data
transmission.

(7) Command receivers. Two identical 20-channel receivers with
parallel outputs are provided to enable ground control of («) ¢ apsule
abort, (b) retrotimer reset, and (¢) retrofire.

(H) C-band and S-band radar beacons for tracking by ground
radars.

(9) UHF/HF rescue beacons (SARAH) for search and recovery
ald after capsule impact.

(10) Auxiliary UHF rescue beacon (super-SARAH) for redudant
search and recovery aid.

System development tests have been performed to determine mutual
compatibility of communications systems components with each other
and with other capsule systems equipment. As a result of these tests,
a number of equipment alterations were made to alleviate problems
uncovered. Among these corrective actions were internal filtering
and repackaging of the rescue beacon, internal powerline filtering n
the command receiver, addition of powerline filters to the telemetry
transmitter, and redesign of the telemeter transmitter power Hllll]]l}
These were problems that did not appear until all equipment was
working together within the actual capsule structure.

I'nstrumentation system

The instrumentation system monitors the physical condition and
environment of the ast rmmut l]]‘-lIIP 1 lnum-terhtn- and condition and
operation of capsule controls. This information is supplied to telem-
etry transmitters and to a tape recorder to provide data for analysis
and evaluation, (Cameras are installed to observe and record ‘the
astronaut’s facial expressions and the capsule’s instrument panel. ‘The
mstrumentation system also provides program control power to oper-
ate instrumentation and other system components,

Electrical power supplies

The basic electrical power supply system for orbital capsules con-
sists of three 3,000-watt-hour and three 1,500-watt-hour silver-cell
28-volt batteries connected so as to provide three independent systems
called main, standby and isolated d.c. supplies. Although the sup-
plies are nurmulh independent, cirenitry is provided for automatic
combination of the standby and main batteries in the event of deple-
tion of the main supply. In addition, manual switching will inter-
connect all three supplies into one common system at astronaut
option. This arrangement permits utilization of all installed batter-
les if found necessary, in flight. The normal mission requires less
power than that Hup]:lw{l In, the main battery complement. The
reserve power in the standby and isolated sources, therefore, 1s com-
pletely available for unforeseen emergencies or unanticipated power
utilization.

The d.c. battery power is converted to a.c. by means of static invert-
ers. As in the case of the batteries, independent inverters are pro-
vided.

All batteries, inverters, and other electrical system components to be
used aboard the Mercury capsule have successfully completed their
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qualification test program. Qualification tests have included the gen-
eral requirements for performance, humidity, salt spray, fungus,
immersion, sand and dust sealing, contact {lI’ﬂ[} radio noise, overload
i‘ttillt‘IH, t"l?{‘“lt'!ll rupture, endurance, oper ating force mechanism
operation, short-cirenit characteristics, and actuation forces as u‘:pli-
cable to the specific device. Special testing such as air leakage
through bulkhead connectors, temperature cyc tng low and high tem-
perature, vibration, shock, acoustic noise, pressure altitude, power
imput requirements, elec trical effici lency, oxygen environment, ete., are
also conducted in accordance with the specilic Mercury conditions.

Capsule deliveries

The first McDonnell capsule was delivered to NASA on January 27,
1960, less than a year after the contract with MeDonnell was signed.
This capsule was essentially only a structural shell, however, and did
not contain most of the internal systems that w ould be required for a
manned flight,

The second MAC capsule (fig. 1), was delivered to NASA on March
14, 1960, and the third and fourth were delivered in the last week of
Julfr The third delivered apsule, scheduled for the first Redstone
flight, is the first capsule that contains most of the systems and sub-
qutemf-, that will be needed for manned orbital flight. Twelve cap-
sules had been delivered by the end of April 1961,

On August 16, 17, and 18, 1960, a ‘tIH)imnell capsule, completely
equipped for manned flight, was subjected to a development engineer-
ing inspection at the McDonnell factory. The purpose of this inspec-
tion was to insure that the capsule, as engineered and manufactured,
was safe for manned flight. Representatives of NASA, MAC, USAF,
Space Technology Laboratories, and Convair [l"il‘“l"l['ﬂltl‘:‘{l This
inspection was typical of those which are required during aireraft
development programs. It focused the attention of a large group of
engineers, of various backgrounds and interests, on capsule system
details and operational procedures. Following this inspection, the
capsule entered a period of capsule system functional checks at the
McDonnell factory, before being shipped to Cape Canaveral, Fla.,
for preflight activity.

The delivery schedule for capsules subsequent to April 1961, will
depend largely on results from orbital flight tests. Shounld major
difficulties be encountered during these tests, production of subsequent

capsules will, of course, need to be interrupted for design changes and
retrofit. As has been described before, such actions are imherent in
high-priority advanced development programs which must undertake
simultaneous development nm‘ production in order to compress the
overall program timetable.

Fricur Procoraym

The rocket-boosted Mercury flight program consists of a research
and development phase and a qulhhv.num phase, as well as the
manned orbital phase. Most of the research and development flights
have been accomplished. The qualification phase began late 1n 1960,
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Little Joe

The Little Joe launch vehicle was used primarily during the re-
search and development phase of project Mercury. Little Joe, which
was developed especially for project Mercury, is a fin-stabilized launch
vehicle which is propelled by four solid-fueled Castor rockets and
four Recruit rockets. Launch weight is approximately 20 tons, and
launch thrust is 14-million pounds. Prelaunch preparations at Wal-
lops Island are shown in figure 8. A photograph of a Little Joe launch
is shown in figure 9. To {h!_tE, the following Laittle Joe tests have been
performed :

(a) Little Joe I, October 4, 1959.—A first Little Joe vehicle was
flown with a dummy capsule which was not separated from the launch
vehicle. The flight was for the purpose of testing the launch vehicle
rather than the capsule. This flight proved the stability and integrity
of the launch vehicle and provided a successful test of the destruct
system at maximum range,

(b) Little Joe 11, November 4, 1959—The primary objective of this
flight was to check the operation of the escape system for the com-
bination of mach number and altitude which ecauses the maximum
dynamic pressure during launch. The escape rocket igniter fired at
maximum dynamic pressure; however the major portion of the pro-
Fellunt did not ignite until 10 seconds later. Because of this delayed

wurning, the capsule did not separate from the booster until the dy-
namic pressure had decayed to one-fifth of the design value. All the
other capsule functions occurred as programed and the capsule landed
in the Atlantic Ocean about 6 miles offshore at Wallops Island.

(e) Little Joe I11, December J, 1959.—The objectives of this fhight
were to determine the motions of the capsule after a high-altitude
abort. for a capsule with no active control system. The escape rocket
fired as planned at 96,000 feet and accelerated the capsule to a mach
number of 6. The capsule was boosted to an apogee of 280,000 feet
and impacted, as programed, 200 statute miles from the launch site.
A monkey was included on the flight and suffered no adverse physio-
logical effects. All the flight instrumentation functioned properl
and showed that the capsule was sufficiently stable to permit H!if}f"
deployment of the parachute.

(d) Little Joe IV, January 21, 1960.—This was a repeat of the
Little Joe II in an attempt to achieve a valid abort test at maximum
dynamic pressure. All test objectives were successfully achieved: the
escape maneuver was initiated at 36,000 feet and at a predetermined
maximum dynamic pressure. The capsule demonstrated sufficient
aerodynamic stability at this severe flight condition,

(e) Little Joe V, November 8, 1960.—All the previous Little Joe
flights were accomplished with research and development boilerplate-
type capsules. On November 8, 1960, Little Joe V carried a produc-
tion capsule manufactured by MecDonnell Aireraft Corp. Due to
a malfunctioning switch assembly, the escape rocket fired prematurely
during the launch phase. As a result of the premature firing, the
capsule clamp ring did not release and the capsule failed to separate
from the booster.

This flight was to have checked the operation of the capsule escape
system during an abort at maximum aerodynamie loading. The cap-
sule for this flight was previously subjected to an acoustical vibration
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test program at the NASA Langley Research Center. It successfully
withstood acoustical vibration levels in excess of 140 decibels, A pilof
occupled the capsule during these tests in which the noise levels were
typical of levels which will be encountered during an Atlas launch.
[t was encouraging to lind that the capsule structure attenuated the
noise sufliciently to enable the pilot to communicate, using his stand-
ard radio equipment,

(f) Little Joe V-A, March 18, 1961 —This was the second attempt
to qualify a production capsule at the maximum dynamic pressure
condition. The flight was only partially successful because the se-
quence system malfunctioned and caused an abort at the improper
time. The test did show, however, that the capsule would withstand
parachute opening shock loads m excess of the design loads.

(g) Little Joe V-B, Adprl 28, 1961.—The capsule lﬁuwn in the pre-
vious test was recovered in good condition and reflown in another
attempt to attain the flight objectives of Little Joe V. The Little Joe
V-B thght provided an unexpected severe test of the capsule escape
system. Due to the fact that one of the booster motors fired 5 seconds
late, the booster pitched over more rapidly than planned and flew
a low-altitude trajectory. The peak altitude was only 14,000 feet and
the dynamie pressure at the tune of abort was 1,800 pounds per square
feet : approximately twice as high as planned. All capsule events
and recovery were normal. Capsule postflight condition was good.

Rig Joe

Big Joe was the name given to the research and development
Mercury capsule which was flown on an Atlas launch vehicle and is
shown in figure 10. The flight was conducted on September 9, 1959,
with the following primary objectives:

() Validation of the adequacy of the ablation heat shield.

(/) Determination of capsule dynamic stability during hyper-

sonic reentry.

The Atlas guidance was preprogramed to provide a duplication of a
normal entry from orbit: however, the Atlas booster engines failed
to separate from the launch vehicle and the added weight caused the
Atlas to burn out at a lower speed and a higher flight-path angle than
scheduled. These burnout conditions resulted in a steep reentry with
the same maximum reentry heating rates as expected during orbital
reentry : however, the total heat input was lower than expected. The
excellent postflight condition of the heat shield verified that the de-
sign would be satisfactory for the Mercury capsule, The reentry was
accomplished without the aid of a reaction control system. Althougl
the capsule entered the atmosphere at an angle of attack greater than
D09, the amphtude of the angle of attack oscillations decreased to
nearly 109 at maximum reentry dynamic pressure. Because of the
steep reentry angle, reentry deceleration was 12g, 50 percent greater
than expected during reentry from orbit.

An unexpected but important result of the flight was the high de-
gree of heating on the conic and cylindrical afterbody portions of
the capsule. The high heating rates resulted from unpredictable
shock wave interaction and shock wave impingement on the capsule
afterbody. As a result of the high afterbody temperatures, the ex-
ternal shingle material on the McDonnell production capsules was
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changed from a cobalt alloy to a nickel alloy. The material on the
eylindrical parachute canister was changed from a cobalt alloy to
beryllium.

Beach abort flight

The first McDonnell production capsule was flown on a simulated
off-the-pad abort trajectory at Wallops Island on May 9, 1960. The
|nmluchml capsule was mounted on an Atlas-type mhtpter with a
production capsule-to-adapter clamp ring. Launch, from a simple
support, was vertical. The thrust eccentricity was set 80 as to carry
the capsule toward the water. A photograph of the launch is shown
in figure 11. The high thrust level of the escape r ket caused peak
acceleration of approximately 15g, as planned. The sequencing sys-
tem worked as expected; the capsule attained a maximum altitude
of 2,500 feet and the pﬂt‘m'lllltl:‘ lowered the capsule into the water
3,000 feet from the launch site. Capsule recovery was successfully
effected by helicopter.

Mercury Atlas-1

The first Atlas-launched MeDonnell capsule was flown July 29,
1960. The Atlas guidance system was programed to cause the cap-
sule to reenter along a trajectory which would cause maximum after-
body temperatures. The reentry would also result in maximum re-
entry deceleration. The primary objective of this test was to qualify
the capsule structure and afterbody feut protection. The flight pro-
gressed normally until approximately 1 minute after launch; at that
time a malfunction occurred which resulted in destruction of the
launch vehicle. The capsule, which was internally pressurized, main-
tained pressurization and transmitted telemetry records until it im-
pacted in the ocean. The capsule did not carry an E'-,{'ure tower;
consequently, the sequencing system was not lwngrmnml to deploy the
parachute after a malfunction which occurred early in the launch
trajectory. The capsule sank after the high velocity impact; how-
ever, nearly all of the components were recovered from the ocean floor
u;}prntumlteh 5 miles from the launch pad. Fluctuating pressures
caused by the Mercury spacecraft resulted in a structural fl;ilure at
the booster-capsule mter%‘uw Modifications to the booster and the
adapter were made prior to subsequent flights.

I“le previously mentioned pressure fluctuations are unique to the
capsule pn}]umi) and do not exist for the normal Atlas ICBM
configuration.

Merewry-Atlas-2

The second Mercury-Atlas, which was flown February 21, 1961,
closely matched the desired trajectory. The flight was progr amed
to produce maximum ru|1;i-~n]r- afterbody temperatures and maximum
reentry loads. All test objectives were satisfied. The capsule landed
1,425 statute miles downrange, 13 miles short of the precomputed 1m-
pact point.

The postflight condition of the eapsule shingles and ablation heat
shield was excellent. Maximum temperatures measured on the
shingles and the antenna canister were Iluwvl than expected.

The Mercury-Atlas-2 booster was modified by the addition of an
S-inch-wide band at the top of the liquid oxygen tank. This band
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LETTER OF TRANSMITTAL

Hovse oF REPRESENTATIVES,
COMMIUTTEE ON SCIENCE AND ASTRONAUTICS,
Washington, 2.0, May 26, 196 1.
[Hon., OverToN BROOKS,
( "hairman. (C'om mittee on Netenee and . l.-;,i’ruur.rr.'f.::-x,

Diar M. Crareyan : There is forwarded herewith for conmmitiee
consideration a report entitled “Project Mercury- Second Interim
Report.”

This report on this country’s only man-in-space program has been
prepared as an aid to the Congress and the public. "The report sum
marizes the current status of Project Mercury and ns=esses the nccom
plishments to date which have culminated on May 5, 1961, with the
snecessful ballistie flight of Comdr. Alan B. Shepard, USN, the firs
[7.5. astronaut to {'Hlll‘l'il'ltt'i' the environment of outer space.

This report was prepared under the supervision of Mr. Howard J.
Silberstein. who wrote the introductory summary, the conclusions,
and edited the report. The bulk of the information was provided by
the Office of Space Flight Programs, National Aeronautics and Space
Administration.  Information on military support of the project was
|r|‘tn*illt'tl h}‘ the “'l'[l:l.l‘llnl‘”l of Defense.

The report has been given proper stafl review prior to its submittal
to you for consideration.

(‘narLes F. DUCANDER,
Fxecutive Director and Chief ("ounsel.
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was installed to reduce the stress concentrations in the weld joint
immediately below the adapter attachment flange. The adapter was
also strengthened by the addition of reinforcing rings, Figure 12
shows the statie test firing of the booster at Cape Canaveral.

Merewry-Atlas—s

Mercury-Atlas-3, which had been scheduled as an orbital flight,
was launched April 25, 1961; however, because of a failure in the
Atlas autopilot programer, the booster roll and piteh program was
not activated and 40 seconds after lift-off the range safety oflicer
sent a booster destruct command which cut off the fuel to the engines
and concurrently initiated the capsule abort sequence. An auto-
matie delay system destructed the booster 3 seconds after capsule
abort. The capsule abort occurred at 14,000-feet altitude. The
capsule was carried to an altitude of 24,000 feet and landed 600 feet
oftshore. All capsule systems appeared to work satisfactorily. The
capsule was recovered in good condition and will be reflown.

Mercury-Redstone-1

The Redstone launch vehicle shown in figure 13 is used as an inter-
mediate range test vehicle in the Mercury program. The first Mer-
cury-Redstone flight occeurred December 19, 1960, It attained a
maximum speed of 4,300 miles per hour and a maximum acceleration
of 6ig. The MR-1 capsule reached a peak altitude of 135 miles, a
range of 225 miles, and encountered 5145 minutes of zero-gravity
flight. The flight was successful in every respect. The capsule con-
trol system, retrorockets, separation rockets, communications equip-
ment and recovery equipment functioned properly. The capsule was
recovered soon after landing by a helicopter, which was dispatched
from the aireraft carrvier Valley Forge.

The purpose of the Redstone flights is to qualify the capsules during
short-range ballistic flights prior to the orbital flights. Manned Red-
stone flights will be accomplished after a series of unmanned flights
when the capsule systems have proven sufliciently reliable. The
Redstone flights will provide an excellent opportunity to fully qualify
the capsule control system and retrorocket system in fhghts which
will not require these systems for the completion of a successful and
safe mission. These flights will also serve to develop pilot procedures
and ground control procedures which can be used in the orbital flights.
Mervcury-Redstone—2

The second Mercury-Redstone was successfully flown January 31,
1961. Because the booster engine operated at higher than normal
thrust, the Redstone burned out at approximately 400 miles per hour
higher velocity than planned. Engine fuel depletion, which oceurred
sooner than expeected, triggered the booster automatic abort sensing
system and aborted the capsule with the escape rocket.

The resultant high capsule velocity produced an apogee of 156
statute miles and a range of 421 miles: 116 miles farther than expected.
The capsule experienced 6.6-minutes duration at zero-gravity and
encountered accelerations during escape rocket firing and reentry of
17g and 14.6g, respectively.
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Visual observations from recovery IIIH‘HI ft revealed that the capsule
Hoated upright for approximately 2145 hours, then heeled over when
the heat shield dropped away. Postflight examination showed that
the impact bag had fatigued due to severe wave action. Future m[:-
sules will utilize anchor chains which will prevent loss of the heat
shield after landing.

The chimpanzee, which was aboard this flight, successfully per-
formed his psychomotor tasks and was recovered in good health,

Mercury-Redstone booster development test

Because of the malfunction on the previous flight and because of
a change in the control system, another booster was launched to qualify
modified components prior to manned flight. This test was flown on
March 24, 1961, with a boilerplate nonseparating capsule mounted on
the booster. The launch was successful in every respect.

Me rr‘u-ry-ﬁ’f*rf stone—;

On May 5, 1961, Astronaut Alan B. Shepard flew a Mercury-Red-
stone mission. The flight attained an apogee of 117 statute miles
and a range of 302 miles; duration at zero-gravity was 5 minutes,
No unforeseen problems were encountered during thp flight. Shepard
reported that the angular motions of the capsule in response to the
manual control system were identical to those of the flight simulators
in which he trained. Manual control during retrofiring was nnex-
pectedly easy, indicating that retrorocket thrust misalinement was
small. He fz.llt that the ‘fuunrh and reentry accelerations were identi-
cal to those which he had experienced many times on the human
centrifuge. No difficulty was encountered with respect to zero-gr avity.

Shepard also felt that because more visual, acceleration, and audio
cues were present during flight than in the simulators, he had postive
assurance of events such as capsule separation, escape tower jettison,
retrofire, retropack lemwn and parachute deployment.

Aftera mll{f landing, Shepard opened the side hateh and was raised
into a hovering ]wllmpter (fig. 14). The helicopter then flew to
the waiting aircraft carrvier Lake Champlain. Figure 15 shows Shep-
ard and the capsule aboard the carrier.

Future flight program

Manned Mercury-Redstone flights will continue in 1961.  The pur-

ose of additional Redstone flights is to qualify a modified capsule con-
iguration and determine the reaction of various pilots to a space en-
vironment,

Additional unmanned Atlas-orbital flights will be attempted prior
to manned orbital flight. The ability of the Atlas gnudance system to
vector the Mercury- ktl:h to the correct altitude, veloe ity, and flight
path angle mus be demonstrated : the ¢ apsule systems must be 1;11:1!1—
fied 1n a plnlnngml vacuum and zero-g environment ; and the network
must demonstrate its ability to track the ¢ apsule and monitor the cap-
sule systems.
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TRACKING AND COMMUNICATIONS NETWORK
(reneral

In the Mercury mission, man and machine together will, for the first
time, be subjected to a space and weightless environment, It will,
therefore, be desirable to keep the number of orbits on initial flights
to a minimum. On the ot hEl'I]ulmL it will be highly desirable to allow
sufficient time for precision orbit determination in order to specify the
correct retrofire point for a landing within the desired area. With
these criteria in mind, a maximum of three orbits was chosen for the
first manned orbital flight.

A number of considerations were taken into account to determine
the most desirable launching azimuth. These were:

(1) Use of existing ground support instrumentation stations
throughout the world.

(2) Use of the Atlantic Missile Range as the launch area and
the impact area after the third orbit.

(3) An orbit which remained over the continental United States
for a considerable portion of its flight, allowing continuous track-
ing, both during the orbital flight and during reentry.

For these reasons, a northeast launch from Cape Canaveral was
chosen. The northeast launch which was selected results in an orbital
inclination of 3214°,

By following the map (fig. 16), it is seen that the first orbit passes
just south of Bermuda, south of the Canary Islands, across Afriea,
over the Indian Ocean, and over the Australian Missile Range at
Woomera. The track then passes across the Solomon and Phoenix
Islands. The orbit then intersects the Mexican and southern (Cali-
fornia coast, passing over the southern U'nited States where a number
of available instrumention sites already exist, such as the Pacific
Missile Range, the White Sands Missile Range, the Eglin Air Force
Base, as welﬁm the Cape Canaveral complex. The third orbit passes
within close proximity of Hawaii, a very desirable location for radar
tracking and command of the retrotimer, since direct hard-line com-
munication is available from Hawaii to the continental [United States.

In making the choice of the number and location of the various
ground instrumentation stations, a number of other criteria were
established. These include:

(1) The desire to have continuous tracking from Cape Canav-
eral through Bermuda for accurate orbital determinations and
to have real-time telemetry and continuous voice contact during
this time.

(2) The ability to reset the retrotimer conveniently on each
orbit, as well as having direct ground command of the retrofiring
during each orbit.

(3) The need for continuous contact with the capsule during
launch and a reasonable length of time following orbital
msertion.

(4) A desire to maintain frequent voice and telemetry contact
with the capsule.

(5) The need for continuous impact prediction in case of an
early abort requiring impact in the Atlantic Ocean, or during an
early reentry if an emergency should occur after orbit injection.
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All of these and many other requirements, based on practical and
economic limitations, resulted in a network of stations as indicated
in table V. The stations transmit tracking data to a central comput-
ing facility located near Washington, D.C. The operation control
center 1s located at Cape Canaveral,

Because of the critical period during launch and orbital insertion,
additional computing facilities, other than those at Washington, are
required at Cape Canaveral and at Bermuda. The General Electric
Co. guidance and the Burroughs computing systems will be the primary
source of mformation for the Cape Canaveral control center, since it
1s this system which performs the guidance function of the Atlas mis-
sile. These data will be used to calculate the launch trajectory and or-
bital insertion parameters which are to be displayed. Also, since this is
the critical phase of the mission, the Azusa and FPS-16 radar systems
at Cape Canaveral will provide backup information for the same
displays in the control center should a malfunction of the Atlas
ground guidance system occur. This redundancy is necessary since
information on the capsule position and velocity will be required in
order to make the III‘HIUEI' abort decisions if a guidance failure oceurs.

A very high reliability radio communications system between CCape
Canaveral, Washington, and Bermuda must be provided to transmit
real-time trajectory data. However, because of the inability to pro-
vide a 100 percent reliability factor and the absolute necessity of mak-
ing important command decisions at Bermuda, it is necessary to pro-
viﬁe redundant computing facilities at that site.

The ground instrumentation system for Project Mercury will con-
sist of 18 stations, a computing and communications center, and a
control center. Of the 18 ground stations, 11 will be equipped with
long-rage precision radars and will comprise the trmling system.
Sixteen of the stations will be equipped with telemetry receivers. All
stations will be linked with the computing and control centers by a
communications network. Major equipment at the individual station
i1s listed in table V.

Eight of the eighteen stations and the control center will be located
on military tracking ranges where use is made of existing radars and
other facilities. At these locations, a major part of the required
equipment, including most of the tracking radars, is now in existence
and will be made available for this project. (These locations involve
the Department of Defense test facilities and the (CCommonwealth of
Aust I'u!i:l.} NASA will arrange for the use of this equipment. The
scope of Department of Defense participation in the support of Project
Mercury operations is given in the “Overall Plan, DOD Support for
Project Mercury Operations,” dated January 15, 1960,
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Major functions of each station

1. Funetions of tracking and ground instrumentation system.—
The tracking and ground instrumentation systems will provide all
the functions necessary for ground control and monitoring of all
phases of the flight. Thus, it will provide continuous prediction of
the location of the capsule: will monitor the status of the vehicle and
occupant; and will permit the exercise of the command functions
necessary for the mission. An artist’s sketch of a typieal command
station is shown in figure 17,

The functions of tracking and ground instrumentation systems are
completed when the capsule has landed and the best possible informa-
tion on the location of landing point has been supplied to a recovery
team,

2. Major functions of stations.—

() Cape Canaveral, Grand Bahama Island, and Grand Turk
[sland : The functions to be performed at these stations, as discussed
herein, involve several locations in the AFMTC complex for tracking,
telemetry, and vehicle communications. It is necessary to utilize
equipment at Cape Canaveral, Grand Bahama Island, and Grand
Turk Island. The use of Cape Canaveral and Grand Bahama is re-
quired during launch because of look angle problems and the associ-
ated capsule antenna patterns. Grand Turk is needed to provide
coverage during the final phase of reentry where altitude limits the
range of the stations.

From prelaunch through insertion, continuous telemetry, voice
communications, and command capability will be provided to the
control center and tracking data will be transmitted to the computing
center,

( During this same period other data will be made available to the
Mercury control center and will provide tracking data from the Atlas
guidance system and FPS-16 to the computing center. These data
are separate from the function of the station as discussed herein.)

During successive passages, the station will provide tracking.
telemetry, and voice communication coverage. Command capability
18 also necessary in order to permit resetting the retrofiring programer
and to furnish command backup of certain internally programed
events during reentry and landing.

(4) Bermuda: The Bermuda station will determine if the capsule
has been placed into an acceptable orbit and effect an emergency land-
ing in one of the major recovery areas if the trajectory is not accept-
able. Tracking, t-mnpurinﬁ. telemetry, and command equipment will
be provided with the capability to perform this function essentially
independent of data from the launch site.

Other functions may be as follows:

(1) To command an abort at the direction of the control center n
the event of serious capsule equipment failure or pilot dificulty late in
the launch phase.

(2) To command an abort as directed by the control center for
impact in a major recovery area in the event of certain propulsion or
guidance system malfunctions. i

(3) If the flight is normal, tracking and data transmission to the
computing center will be required.
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FiGureg 17.—Typical Project Mercury network station
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(4) If the flight is not normal, the impact point will be computed
for use by the search and recovery group.

A fter a successful insertion, the Bermuda station must provide nor-
mal tracking and vehicle communications on successive passes. The
station must also transmit commands to reset the retrofiring timer as
directed by the control center. In the event of an emergency landing
at the end of the first or second passage, tracking and computation of
the landing point are required.

(¢) Atlantie ship: This station will provide telemetry and voice
communication coverage in the area of the mid-Atlantic on all three
passes,

The equipment required for this station will be placed aboard a Gov-
ernment-furnished C'1-M-AV1 ship.

() Grand Canary Island: This station will provide normal track-
ing, telemetry, and voice communications coverage for the first and
second passes in the general area of northwest Africa. In the event
the mission is aborted near the insertion point, the station will provide
reentry tracking and landing point location. Thisstation will provide
data on landing location directly to the local recovery team.

(¢) Kano, Nigeria: This station will provide nurmn] telemetry and
voice communications coverage on passes 1 and 2 in the general
area of central Africa.

(f) Zanzibar: This station will provide normal telemetry and voice
communications coverage on passes 1 and 2 in the general area of
east-central Africa.

(¢) Indian Ocean ship: This station will provide telemetry and
voice communications coverage in the area of the mid-Indian Ocean
on all three passes. The equipment teqmreﬂ for this station will be
placed on board a Government-furnished C1-M-AV1 ship.

(2) Muchea, Australia: This station will provide tracking, telem-
etry, and voice communications coverage on all three passes of n
nmnml mission and transmit command functions as required. Track-
ing data obtained at this point in the orbit, which is approximately
180° from the point where insertion data are nhtuuwd will lead to the
most accurate orbit determination.

If an emergency landing is required at the end of the first orbit.
the Australian station will be instructed from the control center to
resef the capsule timer for firing of retrorockets at the proper time to
initiate reentry and landing into a prepared recovery area off the
east const of the United States,

(7) Woomera, Australia: The Woomera location will provide (-
band tracking, telemetry, and voice communication coverage on orbits
one and two. The NASA will make arrangements with the W eapons
Research Establishment of Australia for operation and use of an
FPS-16 radar located at Woomera

(/) Canton Island: This station will provide normal telemetry and
volce communications coverage on passes one and two.

(£) Kauai Island, Hawaii: The function of this station is to pro-
vide tracking, tFIHawnh and voice communications on passes two
and three and to transmit command functions as required. This
station also maintains voice communications with the control center.

(/) Point Arguello, Calif.: The funetion of thisstation is to provide
tracking, telemetry, and voice communication coverage for passes
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two and three, and to transmit command funetions as required. The
station also maintains voice communications with the control center,
This station provides the first tracking data after reentry initiation
on passes two and three. Telemetry data received will indicate
whether the retrorockets have been fired at the programed time. If
not, this station will command retrofiring to initiate reentry.

(m) Guaymas, Mexico: The function of this station is to provide
tracking, t{'lpnwtn. and voice communications coverage for passes
one and two and to transmit command functions as required, The
station also maintains voice communications with the control center.
This station provides the first tracking data after reentry on pass
one should this be required. Telemetry data received will indicate
whether the retrorockets have been fired at the programed time. If
not, this station will command retrofiring to initiate reentry.

(n) White Sands Missile Range, N, Mex.: This station contributes
to the continuous tracking coverage in the United States on all three
orbital passes, uf-,in,t.: an existing FPS-16 radar at White Sands.

(¢) Corpus Christi, Tex.: The station in southern Texas provides
tracking, telemerry, and voice communieation for all three passes and
contributes to continuous coverage of the reentry trajectory.

(p) Eglin Air Force Base, Fla.: The function of this station is to
contribute to continuous tracking coverage in the United States on
all orbital passes. Data transmission 18 required from Eglin to
AFMTC( to extend the reentry trajectory plot at the Mercury Control
(‘enter. Teletype tracking data will be sent to the computing center.
NASA will use an existing FPS-16 (C-band radar and MPQ-31
S-band radar at this station,

(q) C mnpnhn,u: and  Communications Center, Goddard Space
€1 rln Center: The computing and communications center is located
at llw Goddard Space Flight Center, Greenbelt, Md. The primary
functions of the computing and communieations center will inelude:

(1) During orbital flight, the center will compute and transmit
to the required stat ions the followi ing information :

() Parameters desceribing the trajectory.

() The predicted location of the capsule.

(¢) The predicted location of impact for emergency re-
entry.

(d) Time to fire retrorockets to land in next recovery area,

(¢) Time to fire retrorockets to accomplish a normal
landing.

(2) During reentry, the center will provide and transmit to the
control center continuouns prediction of the landing point on
essentially a real-time basis. .

(3) Throughout the entire operation, the center will provide
acquisition information to all field sites,

(4) The center will serve as the main communiteations terminal
for the Mercury operations. Communications to all field sites
will pass through the center's communication area, and the ap-
pmprmn- -u|1¢+i1:utr and monttoring facilities will be provided.

(5) During launch and insertion the computing center will ve-
ceive tracking data from the Cape Canaveral tracking systems in-
:lmimg:lu-{r]* Burroughs Guidance System. | unurtiwq-h.uh
ing data in combination with selected telemetry data, the center
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will compute and send data for displays at the control center
suitable for the following functions:
(@) Monitor the launch to determine if the orbit achieved
1s satisfactory.
(&) If the orbit is not acceptable, determine times of retro-
fire to land in several designated recovery areas.
(¢) Determine capsule landing point and present position.

(#) Control Center, (‘fape Canaveral: An existing building at
AFMTC is used for the NASA Mercury (fontrol Center.

The function of the control center will be to provide control and
coordination of all activities associated with the Project Mercury op-
eration. The necessary communications, displays, and control equip-
ment will be provided to perform the following basic functions:

(1) Coordination with the blockhouse and central control dur-
ing launch, including monitoring of vehicle propulsion and guid-
ance, and assistance on range safety,

(2) Control of all stations outside ('ape (‘anaveral.

(3) Monitoring of pilot and capsule systems,

(4) Instructions to pilot.

(5) Inflight trajectory monitoring.

(6) C'ommands to capsule equipment.

(7) Initiate emergency aborts during launch and insertion,

(8) Initiate emergency landing at completion of first or second
passage.

(9) Initiate normal reentry and landing.

(10) Supply landing location information for search and re-
covery team.

3. Function of the demonstration site.—Existing NASA buildings
and land at the NASA Wallops Station, Va., are being used to estab-
lish a temporary station consisting of selected items of equipment
identical to that used at remote sites. This equipment has been in-
stalled and tested to determine performance characteristics and suita-
bility for the Mercury mission. Field modifications and test proce-
dures are being developed at this site. The technical information
developed at this site will be applied to the remote Mercury sites to
bring all sites up to the performance required for the Mercury
mission.

Ground communication system

The purpose of the Mercury ground communication system is to
provide a communications network connecting 18 range stations
around the world with the Goddard Space Flight Center at Green-
belt, Md., and the Mercury Control Center at Cape Canaveral, Fla.,
as shown by the accompanying world map and cireuit layout (figs, 18
and 19). The system will carry telephone, teletypewriter, and high-
speed data information. Electronic computers at Goddard will proc-
ess incoming data and provide as 1ts output, acquisition messages and
other related information to all range stations. Teletypewriter in-
formation, into and out of GGoddard, will be handled by an automatic
teletypewriter switching system. A significant portion of the trafhic
over the system will be information generated automatically by the
radars or computers and transmitted at teletypewriter speeds. (ien-
erally, 60 words per minute transmission will be employed. For high
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FiGure 18.—Map of communication links.



‘GROUND COMMUNICATIONS CIRCUIT LAYOUT

I

WASHINGTON, B L

n

woomtaal 8 1 souzy |

1w L]
pion Lol 45T

Lo il

1801

[ W% AT (S En3)

ISTT (1M Sumeaaay
{1 PuE s aLT))

B[ PR SON )
A | micoviRy
}I;'JI' i{I.H.HLI‘I.II

IJ‘:@ |

14 ih e

ir

.
iy
o
lh o7
10 WEST AUSTRALIA
1
30
A O LA
LEGENTD
v vOILE

5TT SHPLEX TELETYRE

FOT FULL DUPLEX TELETYPL
LE LOCAL EXCHANGE
PRIMLEY QOUTE

—— A TPEMATE QOUTE
e EADID PATH

LAND LINE

— A MADINE CARLE

GUAYMES  WHITE 50
WERICH LAMDS TEALS

Ficure 19.—Ground communications circuit layout.

- |
'LEH 2 It

L1

LL |

EGLIN
‘ uu';'l RAL

GRAND Blaime 14
SGRAND Tulk 1B

Travice
RECOVERY

NEW TOOW

Lo

ot |ifer
? 3 ’:;I 4
-
BEGMUDA  MID-  GRAND

ETLANTIC CAMAZY

et 1=

1SLanD

EAND NIGERIA
{ 5w AESICA)
2
B (e
| ! GFRLE, {'- 180T
)
LANTIRAS
' L" (5 £ AFT Ca)
/ ;I'_H T
iDLy GLEAN
¥ LI

wes’
AUSTRALIA

AHODHAW LW rodd



bt 1
e

PROJECT MERCURY e}

[n‘mrln traffic between Goddard and Cape CCanaveral, H*Ivt\]uﬂ“ntm*
circuits capable of transmitting 100 words per minute will be pro-
vided. High-speed data cireuits between the computers at. Goddard
and Clape (&‘umwm'nl will be provided to handle the large volume of
data flowing bet ween these t wo points,

The t-mnnnmu*ntum system for Project Mercury comprises approxi-
mately 125,000 cirenit miles (about 88,000 miles of teletypewriter cir-
cuits: 32, 3(1{1 miles of telephone cirenits and 4,800 miles of high-speed
data cirenits). The design of this system has been geared to provide
a reliable communication network that can be expanded economically
as the need arises. Propagation studies have been made to select the
most reliable radio routes for both primary traflic and for backup use.
Backup facilities were provided for those routes where it appeared
economically feasible and necessary.

One of t}w requirements in '-EE‘HIII,L" up the ground communieation
system was that leased facilities would be utilized wherever possible.
To this extent, negotiations have been carried out and are continuing,
with communication carriers at home and abroad, outlining the re-
quirements for Project Mercury. The importance of safeguarding the
system against any foresee ible IHIF]‘III]}[’H)HH has been stressed and a
suitable program set up with the earriers for handling Mercury traflic,
particularly with respect to the oversea radio links.

Within the North American Continent, practically all the circeuit
facilities will be provided 1n the operating companies of the Bell Sys-
tem and independent carriers. Outside the North American Con-
tinent the communication facilities will be a combination of leased
and constructed radio and wire cirenits. The following organizations
are participating in supplying communications for ]’tnjmt Mercury:

American Telephone & Telegraph ("o, Long Lines Department.
Bermuda Telephone Co.

British Columbia Telephone Co.

("able & Wireless, Litd.

Compania Telefonica National de Espana, Canary Islands.
(‘anadian Overseas Telecommunication Corp.

External Telecommunications Executive, General Post Ofhice,
Federal Aviation Agency.

Hawaiian Telephone Clo.

Overseas Telecommunications Commission, Australia.
Postmaster General, Department of Supply, Australia.

Radio Corp. of America.

Telefonas de Mexico.

Transradio Espanola, S.A., Canary Islands.

Department of Defense.

Ntation phasing and implementation progress

The network as described in the foregoing material is being mmple-
mented through a prime contract with the Western Electrie (o, Ine.
Western Electric heads a team of subcontractors consisting of the
fol ?nwin{: :
. Burns and Roe, Inec., responsible for architectural and engi-
npenug design of the st ations as well as construction phases of
station development.
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2. The Bendix Clorp., responsible for the design, fabrication and
installation of most of the electronic subsystems such as the telem-
etry equipment.

3. International Business Machines Corp., responsible for com:-
putation equipment, iurngmming and operation.

4. Bell Telephone Laboratories, Inc., responsible for such items
a8 simulation equipment and nperutiulmll sequence procedures
including system checkout routines, communication n'n}ﬁr studies,
etc.

Western Electrie not only serves as system manager and in the fune-
tion of system integration, but also is responsible for network
communications,

As an example of specific progress and to provide a report on how
the implementation nll' the network has proceeded, milestones will be
given for the Kauai Island, Hawaii, station :

= —_— e e— e — ¢ E— —_—

Event Completion
date
N b s e S e e e e S e e e L S S T ey : .| Dee. 10, 1859
2. Bitedesign.....coiceneanns LI P S e L e b A T SRR SR T e Mnay 15, 1960
3. Instrumentation equipment onsite . ... .. e B B _ L Nov, 5, 1060
L e A TR e e e L SN Y ] i Pl = ensanecal'Nov. 5.1900
5. B-band tracking system inatalled.... ... . ... cermcenslodRR. 20,1001
6. C-band tracking system installed. . . . __ i L - Jan. 17, 1961
7. Telemetry equipment installed and tested ... .. __ . : Fels, 1, 141
K. Vehicle-ground communication equipment installed and tested . . . Fely, 8, 1061
9. Ground-ground communieation equipment installed and tested . Jan. 25, 1961
10. Statlon support equipment on site. . e e e e Nov., 71960
11, Station dynamietests. ... ... .. e R _ . Mar. 20, 1061
12, Ground-ground communiecations integrated with communications eenter Dee, 3, 1060
13. Stationoperational. .. ... ..o o iciacannnaaaa X = ' Mar. 4, 1061

 — S = — —

C'omputations for Project Mercury flights

There are three major computer installations associated with the

Project Mercury flight computations: they are located at :
1. Cape Canaveral, Fla.
2. Bermuda.
3. Greenbelt, Md, (Goddard Space Flight Center).

At Cape Canaveral and Goddard, computations are made which
concern the launch and injection into orbit phase of flight. The GE
Burroughs computing system, in addition to performing its usual
Atlas guidance }nlwtinn; will feed data by telepllmne line to Goddard.
At Goddard, two IBM 7090 computers will determine, in real time,
whether or not the launch trajectory and the predicted orbit are
acceptable, This information will then be sent back to the Mercury
Control Center, where it will be displayed. A backup display is
provided through the CCape CCanaveral Azuza or FPS-16 radar system,
together with an IBM T09 computer nstallation.

If the real time orbit predictions indieate an acceptable orbit [Go
decision |, the capsule will be permitted to go into orbit.  If the orbit
is definitely unacceptable [ No-Gio decision |, the mission will be termi-
nated. If the decision is questionable at (fape Canaveral, the final
decision to abort will be turned over to Bermuda.

At Bermuda, an IBM 709 computer installation is utilized to ac-
complish the following computations:
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. Monitors launch to ascertain a “Gio”™ or “No-Go” decision
depﬂndlllg on whether or not an acceptable orbit 1s aclhieved.
This decision is to be accomplished within 30 seconds after the
sustainer engine cuts off. This is a backup function to (Cape
("anaveral.

2. Computes the time to retrofire to permit the capsule to land
In a IH‘I."-:FL‘{‘IHI landing area in case the orbit i1s unacceptable.

3. Performs the reentry computation and predicts the impact
point in case of an early abort.

4. Performs necessary computation and preparation for trans-
mission of radar data to Goddard during second and third passes
of capsule over the Bermuda area.

At Goddard, computations are accomplished on the two TBM 7090
imstallations, one acting as a backup for the other. The following
fum*tmna are performed :

. Determination of orbit, in conjunction with (' ape computers,
2. Processing of all radar iputs from remote sites,
3. Defining and refining orbit.,

4. Sending acquisition data to remote sites.

b, Providing data to the Mercury Control Center at Cape
(‘anaveral, imecluding information on time to fire retros,

6. Caleulates and updates final impact point during reentry.

Network checkout procedures

The Mercury network is the most complex and extensive set of
ground-support mstrumentation implemented thus far in space pro-
grams. To properly test each subsystem and then the integrated sys-
tem, both statically and dynamic nlh various checkout [H{H‘l'{llll{‘H will
be employed.

Static component and subsystem tests are first accomphished. This
includes the individual units and subsystems, such as the telemetering
recelving equipment, Iiw eround- Iﬂ{ﬂ]}‘-ﬂl]? communications equip-
ment, command control, C~band tracker, S-band tracker, acquisition
ald equipment, to mention only a few. ‘This type of testing is accom-
plished as installation proceeds and largely employs standard elec-
tronic test equipment as well as some specially designed apparatus.

As the subsystems are nstalled and auuvaafulh pass their static
tests, there begins mutual radio frequency interference testing to
detect and guard against troublesome stray energy that nmluﬁmh it-
self as malfunctioning equipment. This is actually the beginning of
full-station testing.

All subsystems are operated together in static-station testing.
Dynamie testing begins against actual targets. The test targets are
alreraft that execute “fly by" tests, or dynamic tests at e ach station
throughout the entire network. These aireraft are outfitted with
equipment identical to the electronic gear in the Mercury capsule,
thereby allowing the station to determine electrical and mechanical
difficulties in a near- operaticnal situation. This type of testing also
represents excellent training for the station operators,

Network tests represent the final step prior to an actual mission.
Magnetic tapes are prepared in advance for each station. These
tapes contain signals for the operators, the tracking |:ul.nn are given
simulated target information, simulated telemetry data is “received,”
simulated “conversations” are held with the simulated astronaut.
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(Commands can be issued from the station since emergency situations
can be contained on the tapes. Each station has its own tape. The
station’s part is timed to happen in the exact same sequence from
launch that an actual capsule pass would occur at the station, In
short, an entire three-orbit mission ean be simulated on the network
as often as necessary to check out the net and to train operators with-
out ever actually launching a mission. It is to be further noted that
the capsule trainer discussed elsewhere ean be part of the station
dynamic tests and, thus, have eapsule, astronaut, and network fested
together in the final way the missions will ac tnnlh Progress.

Such dynamic network tests are currently being programed on
tape. Subsystem and station static tests are now hmn;_r accomplished.

(OPERATIONS

.Hr”u;r”‘ checlont nf rwﬂwh’f’x

The Mercury ntpaulva are alrlifted from the McDonnell plant at St
Louis, Mo., to C ape Canaveral, Fla.  After the capsule arrives at the
(ape ' anaveral -alIIHIIIIJ" it 1s trucked to the NASA eapsule checkout
area in hangar “S7.  Although a completed capsule receives a pre-
liminary systems checkout at the factory, the final detailed systems
check is made at the Cape. After an initial inspection check, the cap-
sule 1s placed in a specially constructed building in which the hydrogen
peroxide reaction control system is activated and funet onal ¢ hecks are
accomplished.  Because of the fire hazards : accompanying a hydrogen
peroxide nlnll this building i1s fully equipped with a water -~1nlnklv
system and a remote console for the test conductors. All PErsons
handling tlw plumbing connections for |lu= concentrated hydrogen
peroxide must wear goggles, plastic caps, coveralls, boots, and gloves.
Initially, both the peroxide and helium storage tanks within the cap-
sule are filled, and differentially pressurized, “with helium. They are
then capped off and the pressure decay 15 monitored. This procedure
18 used to check the hydrogen perc xide and the helinm plumbing sys-
tems for leaks and, in particular, the flexible bladder which will sepa-

rate the peroxide from the helium. The system 1s then filled with the
hydrogen peroxide and a 24-hour decomposition test is performed. If
the system is compatible with the peroxide, there will be only a low
rate of pressure increase. After this check, the peroxide valves are
remotely actuated and fhll]'-.t reaction time is monitored by measur-

ing the temperature rise in the nozzles,

Following the reaction control system tests, the capsule is returned
to a clean air-conditioned enclosure in the hangar and detailed checks
are made on: (1) the d.c. and a.c. electrieal systems: (2) the sequenc-
ing system which automatically controls all the -::tlhuh* events from
launch through eapsule separation, tower jettison, capsule attitude,

{*tlufn ing control system modes, [mnu'hui{- deployments, and recov-
v beacon activation: (3) the communications svstem which includes
IhP high frequency and ultrahigh frequency radios, command receiv-
ers, telemeter transmitters, I*'.I"“'ﬂI 16 nntl Verlort Harhu bheacons, and
recovery beacons: and (4) the automatic stabilization and control sys-
tem which involves attitude sensing limits for the horizon scanners,
gyro-erection and precession, relays and logie circuits. The I‘l[‘-"-ll]l‘
then undergoes a simulated flight test w here all capsule systems are
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programed as “in flight™ and their performance is monitored. Upon
completion of this test, all onboard capsule data recording equip-
ment—{film and tapes—are processed and evaluated. A critieal por-
tion of the Cape checkout 1s performed in an altitude chamber which
creates a near-vacuum environment for subsystem functional checks
and establishes the pressure integrity of the capsule.  As the simulated
altitude is lowered, the barostatic ally actuated capsule landing system
will be functionally checked out.

One of the final hangar operations is an elaborate weight and bal-
ance check.  Because the capsule aerodynamics arve nnu.ﬂh (le-
E endent upon the capsule center-of-gravity loeation, extreme care must
e taken to maintain the center-of-gravity at a prescribed point. The
thrust axes of the escape and retrorockets are also accurately alined
at this time.

Capsule checkout operations require a large quantity of complex
ground checkout equipment. This gear must support capsule pre-
flight operations in the hangar and at each of the launch pads. Most
of the monitoring and c: alibration equipment is contained 1 full-size
tratlers. Connecting cables are strung to the various checkout sites.
To check the automatie control system, for instance, the capsule is
installed in a two-axis test fixture and a heating element is used to
simulate the Earth’s horizon. The capsule is sequentially rotated in
all three axes at various rates and attitudes. Signals from the gyro
signal amplifiers are monitored and recorded on strip charts in the
tratler. Cahbrations of the telemetry system are also made while the
capsule 1s installed in the test fixture.

The last operations in the hangar involve installation of the various
rockets, explosive bolts, SOF AR bombs, and other pyrotechnics. The
environmental control system is charged with high-pressure oxygen
and the flight batteries are installed at this time.

Launch vehicle checkout

Concurrent with the capsule hangar checkout, the appropriate Red-
stone or Atlas launch vehicle is erected at the ].11111{‘1 site and the
numerous plumbing and electrical connections are accomplished.
Functional checks are performed on the vehicle monitoring instru-
mentation, the automatic abort sensing equipment, the guidance and
control vqullmwrtt the emergency destruet package, and the pressure
mtegrity of the fuel and Iultml oxygen tanks.

Checls during mate of booster and capsule

In addition to determination of mechanical compatibility, the in-
stallation of the capsule on the booster provides an opportunity to
check the capsule ground support equipment within the blockhouse
and launch gantry. Figures 10 and 13 show the gantry armngements
and the capsule systems checkout trailers whicli are used during eap-
sule and booster checks at the launch pad.  Figure 20 shows several
of the capsule monitoring consoles in the hlm-hhnlt-v This support
equipment will enable personnel in the blockhouse and in the Mercury
control center to monitor the pilot and capsule syvstems when the cap-
sule is on the launch pad, During this period, the capsule radios,
telemetry, and beacons are energized simultaneously with hmr-tvr
telemetry and beacons. Radio frequency interference checks ave
accomplished at this time.
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Flight safety review board

A flight safety review board will convene and evaluate the
records of the launch vehicle and capsule tests. At this time, any dif-
ficulties which occurred during booster and capsule checkout will be
discussed, and must be resolved to the satisfaction of everyone on the
board. The board members will include representation from the
launch vehiele contractors, the capsule contractor, the astronauts and

other NASA operations personnel.

Prelaunch countdown

The prelaunch countdown is divided into two parts: the first por-
tion starting 30 hours prior to launch and continuing for 4 hours.
The final portion begins the following midnight and continues until
the scheduled launch time of 7 a.m. This split count arrangement
allows the launch erews a rest period in the mitl[s;t of a long countdown.
During the first 2-hour period, detailed capsule systems checks
will be accomplished from the remote monitoring consoles i the
blockhouse. During this initial 2-hour countdown period, the world-
wide network of communications and tracking stations is alerted and
routine tests are made on the telemetry, radar, the voice radio com-
munications, and the command radio. Concurrently, the Mercury
control center communications, telemetry, abort commands, and tra-
jectory displays are activated and checked out. Seven hours prior to
f:llllli‘ll, the second half of the countdown is begun. A carefully de-
signed sequence of launch vehicle fueling and LOXing, capsule,
rocket and pyrotechnic arming, and radio frequency interference
checks are accomplished. Extreme care must be taken to be cer-
tain that no stray voltages are applied when the pyrotechnies and
rockets are being armed. Care must also be taken to maintain
radio silence on certain critical frequencies, Approximately 4 hours
before launch, the Navy recovery ships arrive on station in the impaect
area and approximately 2 hours prior to launch, local lannch site sur-
face vessels are called on station. The launch site helicopters and
the search aireraft are phased-in just prior to launch. During manned
shots, the pilot will enter the eapsule approximately 2 hours prior to
llnunch umlr will play an active part in the eapsule check and count-
down.

Mereury control center

Overall control of the Mercury missions is conduected from the
Mercury control center at Clape Canaveral. A photograph of the
control center building is shown in figure 21. This complex also
serves as a telemetry receiving station: the large dish-shaped antenna
will receive telemetered information from the capsule subsystems.
The primary funetion of the center is to actively control the flight
phase of the Mercury missions. Figure 22 is a block diagram of the
flight control organization. The operations director is in charge
of the mission and also serves as chairman of the Flight Safety
Review Board. Immediately subordinate to the operations director
is the flight director who actively participates in the countdown,
coordinates the input from the systems controllers, and is responsible
for making the decision to abort the mission if a malfunction should
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Mercury control center at Cape Canaveral
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oceur during flight. The system controllers advise the flight
director as the flight progresses and perform the following functions:

(1) The ﬂ[;_-:]lt surgeon monitors the aeromedical displays of the
pilot’s EKG, l'espimt]un, and temperature. He also monitors the
pi]nl 'S voice transmissions,

2) The capsule environment monitor has telemeter instrumenta-
nnn displays of the oxygen quantity, cabin pressure, suit pressure,
and system temperatures.

( i} The capsule communicator relays information to the pilot and
receives voice reports from the pilot.  His station console is equipped
with a sequence panel which indicates the occurrence of capsule
events such as escape tower separation and retrofiring.

(4) The :-.tlrf-ulle systems monitor observes the capsule attitude
and the amount of fuel remaining in the hydrogen peroxide control
systems, and the status of the capsule electrical systen.

(5) The retrocontroller panel displays the retrofiring times for
normal reentry, end of each orbit, and emergency landing areas.
These wu*uhr:ng times are calculated at the (Goddard Computing
Center. The retrocontroller keeps the capsule’s clock synchro-
nized with the optimum retrofiring time which is continually being
refined by cale uﬂutmnn based on the latest tracking information.
Changes in the capsule retrofire clock setting can be accomplished
through voice instruction to the astronaut or by radio commands from
the retrofire controller’s panel.

(6) The fhght dynamies officer has the responsibility of evalu-
ating the capsule orbital parameters at the end of the launch phase.
He will use four plot boards which display flight path angle, wfm'lth
capsule position, and impact prediction. Based on predetermined lim-
its for these parameters, the flight dynamics officer will recommend
that the capsule be permitted to continue orbital flight (go decision)

or, if the capsule has not attained orbital velocity and flight path
angle, he "-‘Htll request immediate retrofire to bring the capsule down
in a planned recovery area (no go decision).

(7) The missile telemeter monitor will observe telemeter displays
of ecritical launch vehicle parameters such as acceleration, engine
chamber pressure, electrical and hydraulic system serformanc ‘¢, and
vehicle attitude. By observing these parameters, he can anticipate
wossible abort <-1lmumm The ﬂl;,:hl chirector can then take action to
ning thmupﬁulmi{m nina planned recovery area.

Figure 23 shows some of the flight controller consoles and the net-
work status map in the Mercury control center.

The functions of the systems monitors in the Bernmuda control center
are similar to those at Cape Canaveral ; however, the flight dynamies
officer at Bermuda will make an orbit *“go™ or *no go™ decision only if
the Cape control center cannot make a decision.  The remote site sta-
tions are equipped with only three consoles: capsule communicator,
aeromedical monitor, and t':-l]}HlIIP systems monitor.  Figure 24 shows
the communicator’s console which is installed at the remote sta-
tions, .\ mockup of the capsule control panel is included to aid the
communicator when he discusses panel displays with the pilot. This
console includes command radio eapability at six of the remote sites:
that is, the communicator will be able to command changes in the
retrotimer and command retrofire. Some of these communicators
will be astronauts.
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Flight stmulation

An mmportant phase in the checkout of the equipment and in the
famiharization for the flight controllers 15 the simulation training
which precedes a flight. Because of the need to coordinate the net-
work. recovery forces. ¢ apsule and launch procedures, and the Goddard
and O e ( fll]l]HlH‘l“-‘ It was f“llllil necessary (o proyv ide advance operi-
tional experience. Figure 25 is a phutn;_rl aph of simulation consoles
and shows the mlhuhi procedures trainer used in the simulation room
at the control center. By using this simulation equipment in con-
junction with the Goddard computer, the Mercury missions are simu-
lated and procedures are developed which will be utilized during the
various phases of the operation.

O perational procedures during mission

During the prelaunch phase, flight control is delegated to the
launch blockhouse. At lift-off, control passes back to the Mere 1y
operations director at the control center. The pilot determines
that his elapsed time clock starts at lift-off, thereby synchronizing
capsule time with ground elapsed time. During the launch, the pilot
reports piteh nn;:t' and acceleration to the ,:_r:mnu]. As the cap-
sule rises through an altitude of 11,000 feet, the capsule internal pres-
sure will start to vent overboard. A differential pressure regulator
will maimtain the capsule pressure 5 pounds per square inch above
surrounding atmospheric pressure. The pilot notes that the cabin
pressure does not decrease below 5 pounds per square inch. When
n guidance command shuts the engine down, the pilot manually
actuates an override switeh and separates the capsule if automatic eap-
sule separation does not occur. He also checks that the capsule
attitude indieators display predetermined values. If the capsule
gyros have drifted excessively during launch, the automatic control
system will be inaccurate and he will nmuntlh control the capsule
using his periscope and window for attitude reference. The capsule
should be either antomatically or manually turned to the retrofire posi-

tion so that retrorockets can be fired in the correct direction if a rapid
reentry i1s found desirable,

O perational procedwres near orbit insertion

One of the most critieal points in the Mercury orbital mission is at
orbital insertion when the Mercury capsule is separvated from the
Atlas launch vehicle. At this pomnt, it is necessary to determine
whether the mission should be allowed to continue. or an abort should
be executed so that the capsule will land near a previously established
recovery aren. An acceptable orbit is considered to be one which
will msure the capability of a safe recovery at the end of the firs
orbit; that 1s, the lifetime must be sufficient so that the retrorockets
can be fired within range of a command station near the end of the first
orbit i order to land in the planned recovery area. In addition, the
}wulmg conditions must fall withim .nu-iﬂﬂhlp ]'rrl'tll*h m the region of
perigee, and the reentry loads must be within given tolerances. It
has been assumed that if the conditions existing at orhit insertion are
such that the capsule completes one and one-h: alf orbits, un ndequate
margin of safety will have been attained. Therefore, any .Ht‘i'lri.i}l!i_‘
combination of Insertion :uluhilmh should guarantee the opportunity
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| N TRODUCTION

The Honorable Overton Brooks, Chairman of the Committee on
Science and Astronantics, during the second session of the 86th (Con-
ZI'eSS, submitted to the .S, House of ”l!)l‘l*ﬁl*lllﬂi\'l“— the First
Interim Report on Project Mercury, dated January 27, 1960, Al
most 114 years have passed Hi'llii' ||w issuance of that report.  This
committee report deseribed the goals, the research and development
program underway to .u]m-tv the program gouals and the traiming
program for the Astronauts, The ]mllum- of this report 1s to sum-
marize the current status of the Mere UT) !Hn|t'11 T NSSess necon-
plishments to date and acquaint the Congress and the publie with »
feel for the tremendous complexity of the problem of putting a man
into Earth orbit, sustaining his life in a space environment and recov-
ering him safely.

Project Mercury is currently this Nation's effort to place & man in
space at the earliest !mu.-!hl{- time. Sinee its ineeption, both the Na-
tional Aeronauties and Space Admmistration and the Department
of Defense have mapped out more comprehensive manned space
ﬂl;:hl pPrograms. However, these later |:ln]wl- naned \|m”n and
Dyna-Soar, must depend upon the successful development of larger
space Iu:mtmr- such as Saturn, Titan 11, Atlas G, or perhaps a newly
conceived large solid rocket arrangement. DBecause Apollo and Dyna-
Soar depend upon as vet unflown. larger boosters and are designed
3] Iﬂ'rijw'! more than one man mmto Earth orbit, 1t 15 not v.\[wrll-ll that
either of these projects will be capable of placing manned payvloads
in orhit for 6 to 8 vears. [Project Mercury is |-\’|wtrl*11 0 provide
many answers for these future manned space progriams-—answers
which must be obtained concerning manned space fhght environment,
and man’s ability to perform a useful function I space as soon as
possible.  Consequently, Project Mercury is being prosecuted by
NASA, assisted by the DOD, with the utmost sense of urgency.
Mercury enjovs ln[l national ;nmrtrx s .l'lll']'ll“'!.l‘ll by the I’ H"-ullll'TI[
of the U'nited States. It carries DX priority rating.

Project Mereury represents the Wright Brothers phase of space
”i_i_fh[. It 1s sure to appear as crude and ll:ll'illu'—llll to future cenera
tions as the clumsy wood and cloth *kits™ of aviation’s bvgone era.
Both represent major phases m mans technologieal development.
Both have experienced -rmlrmmq al eriticism on the one hand and
admiration for the courace. dedieation and viston of the men who
strive for achievement on the other hand.
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Ficure 25.—Procedures trainer console installation.



§ -

PROJECT MERCURY OO

to command retrofiring, thus controlling the landing point, at any
time during at least the firs complete orbit.

The problem is then reduced to finding as accurately as possible
the orbital conditions that will permit the upnnh- to complete one and
one-half orbits.  When these conditions are defined completely in the
ranges of velocity, flight path angle, and altitude, the actual orbital
conditions obtained may be com red to the established limiting con-
ditions in order to decide whether the mission should be allowed to
proceed.

After a successful orbit has been achieved, the pilot will report to
the remote stations as he passes overhead, telemetry signals will be
received, and tracking data will be rec orded. The remote site in-
formation will be sent bac k to the Mercury control center, by way of
the Goddard Communications Center. - Tracking acquisition infor-
mation is caleulated at the Goddard Computing Center and is sent
out to the remote sites. It will be an objective of the control center
to keep the remote sites as fully informed on the current situation as
possible. Thus, in the event of a breakdown in communications, they
may be better able to make decisions independently 1f a critical situn-
tion develops. The various times of retrofire will be continuously
computed on the basis of new information as it becomes available, and
it 1s imperative that remote sites be kept up to date on these items.

As the time of reentry is approached, the control center will be sup-
plied with tracking data from the ¢ omputers at Goddard and the pres-
entation of impact prediction will be given in real time. The mam
function of the control center at this time is to keep the recovery
forces up to date on impact prediction.

Recovery

The probability of capsule landing locale varies throughout the
different phases of a Hig it and i1s a major factor in establishing the
recovery requirements. The basic philosophy of recovery in the Mer-
cury program is to provide a rapid recovery .I[hlhlllt‘h (1) in the
normal landing area; (2) ih those areas where landings would ocenr
in case of an abort 1|!H'illf_’,’ the early phase of flight: and (3) once
each orbit. “Rapid recovery” implies that loe ation and retrieval
vehicles are on station in these areas during orbital flight to assure re-
covery within a specified time that is in “the order of from 3 to 6
hours. All of the recovery areas resulting from this recovery philos-
ophy are located in the North Atlantic Ocean. The probability of
contaming all landing points within these areas is very high.

The planned recovery areas are shown in figure 26. In addition to
the nine areas depicted, a launch site recovery area exists at Cape
Canaveral in the event an abort occars during the final countdown
or early in the boost phase of flight. The launch site recovery forces
will have the capability to effect recovery for a capsule on land or in
shallow water.

Should an unsatisfactory condition develop during launch, a mis-
sion will be aborted so that landings from such conditions will be con-
tained in areas one through six. If the orbital parameters at insertion
are satisfactory and if t]w apsule systems are functioning properly,
the capsule w i1l be permitted to continue in orbital flight, In case of
“no-go” decision at orbital insertion, the abort proc edures will be such
that all landings will be contained in areas five or six,
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to command retrofiring, thus controlling the landing point, at any
time during at least the first complete orbit.

The problem is then reduced to finding as accurately as possible
the orbital conditions that will permit the capsule to complete one and
one-half orbits.  When these conditions are defined completely in the
ranges of velocity, flight path angle, and altitude, the actual orbital
conditions obtained may be compared to the established limiting con-
ditions in order to decide whether the mission should be allowed to
proceed.

After a successful orbit has been achieved, the pilot will report to
the remote stations as he passes overhead, telemetry sigmals will be
received, and tracking data will be recorded. The remote site in-
formation will be sent back to the Mercury control center, by way of
the Goddard Communications Center. . Tracking acquisition infor-
mation is calculated at the Goddard Computing Center and is sent
out to the remote sites. It will be an objective of the control center
to keep the remote sites as fully informed on the current situation as
pu:-;!:;ih\{-. Thus, in the event of a breakdown in communications, they
may be better able to make decisions independently if a eritical situa-
tion develops. The various times of retrofire will be continuously
computed on the basis of new information as it becomes available, and
it 1s imperative that remote sites be kept up to date on these itens.

As the time of reentry is approached, the control center will be sup-
plied with tracking data from the computers at Goddard and the pres-
entation of impact prediction will be given in real time. The mamn
function of the control center at this time is to keep the recovery
forces up to date on impact prediction.

Recovery

The probability of capsule landing locale varies throughout the
different phases of a flight and is a major factor in estabhishing the
recovery requirements. The basic philosophy of recovery i the Mer-
cury program is to provide a rapid recovery capability (1) in the
normal landing area: (2) ih those areas where landings would oceur
in case of an abort during the early phase of flight: and (3) once
each orbit. “Rapid recovery”™ implies that location and retrieval
vehicles are on station in these areas during orbital flight to assure re.
covery within a specified time that 1s in the order of from 3 to 6
hours. All of the recovery areas resulting from this recovery philos-
ophy are located in the North Atlantic Ocean. The probability of
containing all landing points within these areas is very high.

The planned recovery areas are shown in figure 26. In addition to
the nine areas depicted, a launch site recovery area exists at Cape
Canaveral in the event an abort occurs during the final countdown
or early in the boost phase of flight.  The launch site recovery forces
will have the capability to effect recovery for a capsule on land or in
shallow water.

Should an unsatisfactory condition develop during launch, a mis-
sion will be aborted so that landings from such conditions will be con-
tained in areas one through six. If the orbital parameters at insertion
are satisfactory and if the capsule systems are functioning properly,
the capsule will be permitted to continue in orbital flight. In case of
“no-go” decision at orbital insertion, the abort procedures will be such
that all landings will be contained in areas five or six.




PROJECT MERCURY

Y EE—

ﬁlL:Q

1 | %

£

PLANNED RECOVERY AREAS

5-282

Ficure 26, Planned recovery arcas.



PROJECT MERCURY O7

If a “go™ decision at insertion is made, the capsule is committed to
the rnln}rh‘tiun of at least one orbit before a landing in a planned area
1s possible.  Planned recovery areas seven through nine afford the
capability to abort or terminate the mission once each orbit. Retro-
rocket firing points for landing in these three areas arve located ap-
proximately 300 miles off the west const of the nited States,  After
passing the retrofiring points for area six, approximately 70 minutes
of orbital flight time are required to reach the retrofiring point for
area seven. Approximately 90 minutes of flight time elapsed in pro-
gressing from retrofiring point seven to eight and eight to nine. Thus,
once the “go” decision 18 made at insertion, the capsule is committed
to a comparatively long flight time before landing in an area where
short-term recovery capability exists.

Backup and I‘E{ilHl{ ant systems have been provided for all basic
apsile systems such that the probability of a malfunction ocenrring
in orbit 1s considered remote and the standard operating procedure
will be to terminate the mission by landing in a planned area if at all
possible.  However, a planned course of action for effecting the re-
covery in a ]uw-|:1'nlml}i]it}' contingency area is also required, In
addition to the recovery forces in the Atlantic Ocean several standby
ships and aireraft stationed under the orbital flight paths will be
ilerted for possible contingency recovery operations.

AstroNavr Prograwm

The seven Mercury pilots participated in numerous training activi-
ties during the past year. They also helped to establish many of the
Mercury operating procedures and subsystems design details.  EKach
1s an engineer and has been assigned to work in a specialty area. Each
man is intensely interested in the program and has a sincere desire to
be chosen for manned flight. The astronant biographies were pre-
sented in House Report No. 1228,

Flight simulators

To familiarize the pilots with the capsule and the various normal
and emergency operational aspects of the Mercury flight, the follow-
ing simulators and facilities were among those utilized during the past
year:

1. Procedure trainer—McDonnell has provided two procedures
trainers for Project Mercury. The interior arrangement of these
trainers is identical to that of the capsule. The displays within the
trainer are operated by high-speed computers. One of the trainers
is located at the space task group and is used to familiarize the astro-
naut with operation of the capsule system. It 15 also used m con-
junction with a remote network station console to provide traming for
the capsule systems and aeromedical monitors. The second traier s
located at Cape Canaveral and is used to provide mission sinulation
training for l'lu;- astronauts and the flight controllers. It also aids in
the checkout of the computer circuits in the Goddard Computing Cen-
ter and the trajectory display equipment at the Mercury control cen-
ter. Figure 27 shows the instructor's console for the procedures trainer
and the astronauts’ capsule simulator in the background.
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2. Johnsville centrifuge—The Navy centrifuge at Johnsville, Pa.,
has also been a valuable training simulator. The Mercury pilots
have undergone three training sessions at this facility : the last session
was o realistic simulation of the Redstone prelaunch activities and in-
flight control procedures. These tests also provided an opportunity
for some of the range stations aeromedical monitors to observe the
displays of biomedical instrumentation during acceleration. The
centrifuge gondola arrangement is shown in figure 28 and the closeup
of an astronaut within the gondoln is shown in figure 29,

B Zero-gravity flights—The pilots have had three opportunities
to participate in weightless flving research programss Air Force
(=31, (=135, and F-100F aireraft were used. By flying zero-gray-
ity parabolas, these aircraft achieved periods of weightlessness of 10
seconds, 30 seconds, and 60 seconds, respectively. Astronaut Shepard
experienced 5 minutes of weightlessness during the MR-3 flight,  No
adverse effects were realized.

4. Multiawis simulator—The multigimballed simulator at the
NASA Lewis Research Center was used for pilot indoctrination at
high values of angular acceleration and rotation. This facility was
operated at 30 revolutions per minute about all three angular axes.
The pilot used a manual reaction control system (compressed nitro-
aen) to stop the rotations. The pilots snecessfully maintained orien-
tation at angular accelerations far in excess of any which will be en-
countered in Project Mercury. A picture of this facility is shown
in figure 30.

b, Egress training.—Although the pilot would normally stay within
the capsule until it had been placed aboard ship, there i a possibility
that he might desire to chimb out after a water landing. Egress
might be desirable to facilitate rapid rescue, in the event of high tem-
peratures within the rn‘mtile‘ or 1f the ventilation system were not
functioning properly. To accomplizh egress training under realistie
seq conditions, an egress capsule was taken to Pensacola, Fla. The
egress capsule is a hni]ﬂr]}{uw model manufactured by MeDonnell
Aireraft Corp. Weight and hydrodynamic characteristies are iden-
tical to that of the flight version. The interior mockup is identical to
the flight version and affords the same degree of egress restriction.
To leave through the top of the capsule, the pilot must first release
his restraint harness, communications, oxvgen hoses, and bioinstru-
mentation connectors. He then raises partially out of the conch and
removes the 3-foot-dinmeter bulkhead from the top of the pressurized
compartment. Next he must push the H“Tl v parachute container out
of the eyvlindrieal neck of the capsule and work himself out the top.
He then inflates his liferaft and ties it to the capsule to maintain the
apsule adjacent to the liferaft and take advantage of the capsule
recovery beacons. A photograph of one of the pilots emerging from
the egress trainer capsule is shown in figure 31,

For normal helicopter recovery a procedure has been developed
whereby a hovering helicopter lowers two lines: one attaches to the
capsule and holds it erect while the second line lowers a sling near the
Fi[llt* hatch. The pilot then erawls through the side hateh into the sling
and is lifted into the helicopter. This is the procedure that was used
after Alan Shepard’s Redstone flight.

['nder emergency conditions, much more rapid egress is possible
through the capsule’s side hateh.
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Ficure 28.—Human centrifuge at US. Navy, AMAL, Johnsville, Pa
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FIGURE 29.—Mlercury astronaut in the AMAL centrifuge cabin
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Backqground

Project Mercury is now 2145 vears old. Since its inception, an ex-
tensive wind tunnel and flight test program has been carried out,
imvolving hundreds of wind tunnel and airplane drop tests and 12
successful major rocket launchings, ineluding the first manned sub-
orbital flight with Astronaut Alan B. Shepard, out of 15 attempts.
The box score is contained in table I. The Mercury production cap-
sules have been designed, engineered and tested. A major network
of communications and tracking stations 1s nearing completion (table
I1), and training exercises of both the systems and the astronauts are
progressing. Table IIl contains the current manning level require-
ments for the worldwide tracking and communications network.

TanLy I.—Projeet Mercury major rocket tests

Objectives
Hooster vehlele = s idEs et T T "urpose of test
Achleved Not achieved

Little Joe 1. .. LR ||t < mencareanene=r=ns-| Tost Inunch vehicle,

LittisJas 11 ..o anaiss X : = A —weo-| Test capsule escape system,

Little Joe 111 X . Se o L H{Ej]‘l‘l altitude abort and ecapsule stu-
LY.

Little Joe IV. : X e il = Eh*m-:l% of Little Joe 11.

Little Joe V L g U T e | Capsule did not sepa- | Capsule abort test under severe cond |-

rate. tions,

Little Joe V-A X! | Produection eapsule gualifieation test,

Little Joe V-H.. .. | X Repeat of Little Joe V-A.

Atlas Big Joe. . X : : Vialldation of ablation heat shield and

| capsule dynamic stability during

hypersanie reentry,

Mercury Atlns 1. . | .| Atlas destroyed. .. ....| Maximum reentry heat test.

Mercury Atlas 11 — I I R | Repeat of _"\'Iiln'uri' Atlas |

Mercury Atlas 111, cvveneaa| Atlas destroyed. . - Unmanned orbital attempt.

Mercury Redstone 1. ... ......| X e I e | Capsule qualifieation under normal
ballistie flight conditions,

Mercury Redstone 11, ... ... .| X Test of eapsale e support system with

chimpanzee “"Ham."
Flight qualify booster control system
| changes,
First manned suborbital flight with
Astronaut Shepard,

Mercury Redstone Booster | X
Development.
Mercury Redstone I11........| X

——e——— e—

- - - = =

! Partiolly achieved,
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FIGURE 30 NMultiaxis monon simulation at La
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Pilot activities rh”*.;.nr; f!f;r,u’f
Although the capsule is only 6 feet in dinmeter and 10 feet high, 1t
contains a complex array of subsystems and manual controls. The
ull'””lll" llll”l’”] "‘-\"'*“*“I |':"- il i\l“lll‘]l" III | S lII"'“h. "*”Ii"“q.“*li'lll
with many modes of operation available to the pilot. The « ontrol sys-
tem consists of a manual system and an automatic system; however,
each of these contains several modes which can be used at the discre-
tion of the pilot. He ean select the direct manual mode in which, by
means of a hand-control stick, he moves a mechanieal lnkage whiels
15 attached to valves in the hydrogen peroxide lines. The valves can
then be opened proportionately to the amount of thrust he desires.
By throwimng a switch he can angment his manual mput with electri-
cally operated valves which are controlled by a separate set of gyro-
scopes. This additional gyro input tends to stop any capsule motion
which exists. He can select a purely automatic mode in which special
horizon sensing photocells send signals to stabilize a set of attitude
gyros which in turn send signals to electrically operated peroxide
valves. He can uncouple the “attitude gyros in the nutomatic system
so that the reaction jets are activated hy angular rate gyros rather
than attitude position gyros. The capsule can be manually flown on
the automatic system ln electrically linking the hand-control stick to
the peroxide valves. During the retrofiring maneuver, the pilot would
normally choose to m,t_::nwnt the automatic system by the use of the
manual system, If a valve in the automatie system were to fail in the
open position, the pilot would shut off that particular axis of the auto-
matic system and manually control the eapsule attitude about that
axis. The pilot would lmlm.tlh use the automatic mode while m orbit,
thereby permitting full attention to ground and sky observations and
to reporting the behavior of the various capsule systems. In all, the
pilot can select any of 20 different modes for the capsule control
system.

The attitude control system is only one of the capsule subsystems.
Also controllable by the ‘pilot in a number of different modes are the
electrical, communications, life support, retrofiring, landing, and re-
covering systems. In addition to these, he can tn.numlh actuate the
normal automatic sequential operations such as escape rocket firing,
capsule separation, and tower separation. By providing the ]n]ul
with complete control over the capsule operation, a high degree of
snfety has been built into the Mercury concept.

During Shepard's flight in MR-3, the manual control system was
used during nlll the critical maneuvers after capsule separation.  The
retrofire maneuver was accomphished by using the manual control sys-
tem and observing the rate and attitude indicators. Shepard re-
ported that the rocket thrust misalinement was small and caused rela-
tively low torques on the capsule, He felt that the actual angular
:Il'l't‘[t'l'ul iurt illl[::ll'h*t[ L) ’!Iu' I.'HII"-HII' IH‘H'-.‘illt*li Iilrli‘inll ciies which made
attitude control easier than in the fixed-base simulators

Shepard’s flight proceeded very much as lxlumml He did, how-
ever, notice i IIII] { vibration illllllb“' launch as the e l|1--ll|1 f:tnﬂ'h vs=sedd
through the transonic speed range and continued until the maximum
dynamic pressure region had been encountered.  He felt that, althougl;
his vision was .-mnu-ulnl blurred during this 10-second vibration
period, he could have improved his vision by raising his head from the
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couch. These vibrations were caused by aerodynamic turbulence
downstrenm from the capsule-to-adapter clamp ring. Subsequent
fights will incorporate special clamp ring fairings which should re-
duce the turbulence and resultant vibrations.

Physiologically Shepard’s performance was very similar to that
observed during his training cossions on the centrifuge. His heart
rate. as monitored on KKG traces, did nof exceed 135 and his respira-
Gon rate was normal.  Zero-gravity caused no difficulty £ in fact, the
s-minute duration of weightlessness was hardly not iceable because s
attention was occupied with eapsule control duties and visunl observa-
tions through the [w!*i.-ru e and windows,

Results of the MR-3 ﬂl:i;_'.']li indicate that the lmilut pm‘fnl'tm-tl ns ex-
pected and that the pilot should increase the pr bability of snccess tor
the orbital mission.

ProGraM MANAGEMENT AND SUPPORT (ORGANITZATION

The program management structure for Project Mercury 1s shown
in figure 32. The Space Task Group (fig. 33), at Langley Field, Va.,
has the responsibility for overall project direction.

Space Task Group is under the direction of Mr. Robert R. Gilruth,
and his two associates. Mr. Charles J. Donlan and Mr. Walter (.
Williams.

Within the NASA organization, project support is provided by the
Langlev, Ames, Lewis, and Flight Research Centers. ‘The Marshall
Space .]**Ii;:hl Center of NASA has the responsibility for providing
and launching Redstone launch vehicles.

The Mercury capsules or spacecraft are produced to N ASA spect-
fications by the MeDonnell Adreraft Corp. and associnted subcontrac-
tors. In addition to producing the capsules, MceDonnell Aireraft
Corp. provides personnel services for preparation and launch of the
spacecraft, associated ground support equipment, research and devel-
opment hardware, flight simulators, and other training equipment,

Major subcontractors to MeDonnell are as follows:

Minneapolis-Honeywell : Automatie stabilization and control sys-
tem.

AiResearch : Environmental control system.

Bell Aireraft Corp.: Hydrogen-peroxide control systen.

Food Machinery Corp. : H:.I'I_']{H]]'lll}‘liI‘H;_"i‘]‘l—]wl‘tllxiilt' control jets.

Eagle-Picher (o, : Batteries.

(Collins Radio: Communications system.

(incinnati Testing Laboratories: Ablation heat shield.

Brush Beryllium : Beryllium heat shielc.

Radiophone Division of Northrop : Landing system.

Grand Central Rocket Co.: Escape rocket.

Thiokol Chemical Corp. : Retro and posigrade rockets,

Perkin- Elmer Co. : Periscope.

Barnes Instrument (lo.: Horizon scanner.

The Atlas launch vehicles for Project Mereury are produced by
Convair Astronauties and associated contractors under the manage.
ment of the Air Force Ballistic Missiles Division and its associ-
ated management contractor, Aerospace Corp. Launch of the Atlas
vehicle is the responsibility of USAF-BMD.
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The Atlas launch vehicles differ from standard missile launching
models in areas of guidance, instrumentation, structural attachment
of the capsule, and in the provision of automatic in-flight failure sens-
ing equipment for escape system actuation. _

Little Joe launch vehicles and rockets were produced by the North
American Aviation Co, and Thiokol Chemical Clo. to specifications
formulated by the NASA Langley Research Center. Launch of
Little Joe vehicles and beach abort tests are the responsibility of
the Wallops Island Station of NASA.

The NASA Langley Research Center is responsible for the plan-
ning and implementation of the Project Mercury ground tracking
and communieations network, The MIT Lincoln Laboratories have
provided technical assistance in the network planning and the West-
ern Klectric (Co, has been given prime contract responsibility for
design and construction of the network system. Major subcontractors
to Western Electrie are listed on pages 51 and 52,

In addition to planning and making contractual arrangements for
the network construction, the Langley Research Center has arranged
with the Department of Defense representatives for use of existing
range facilities and has participated in arrangements with foreign
covernments to establish Mercury stations and leasing foreign com-
munications facilities.

The Department of Defense provides a very broad range of sup-
port to Project Mercury., Already mentioned is the part played
by the Air Force Ballistic Missiles Division in supplying and launch-
ing Atlas vehicles. The Air Force also provides Air Rescue Service
aireraft for capsule search and recovery operations, map-making
services of the .lrrmmuti--u] (‘hart Information Center, loan uin-ru[ﬁ
for network station checkout, and astronaut normal fhght and zero-g
training, AMR launch facilities, control center facilities, medical
support at Cape Canaveral and remote stations, and use of existing
network facilities and manpower at several of the Merceury network
stations.  The Aerospace Medical Center of the Air Force has also
given assistance in astronaut traming and has supphed animal test
packages for use during the Mercury flight test program.

The Army has loaned tracking equipment to NASA, has made the
White Sands Proving Ground facilities available for network use,
will provide a substantial share of DOID medical support to Project
Mercury, has supplied communications equipment, and has supplied,
amphibious 1'1-11”'5:-.*-' for use in possible |:1unl*h site recovery opera-
tions. The Army Redstone lnunch vehicle will be used for unmanned
and manned ballistic flights.

The Navy has been given responsibility for the Mercury spacecrafi
recovery operations, The Navy recovery commander will have ele-
ments of the Atlantic Fleet and Air Rescue Service at his command
for effecting rapid recovery of the capsule. Destroyers, LSD’s, mis-
cellaneous service vessels, Marine helicopters, patrol aireraft and
early warning aireraft will all be utilized for search and recovery
operat 1018,

The Navy is also providing assistance in the construction of the
Canton Island network station, has loaned command transmitter

equipment to NASA, and has given a number of tracking radar to
NASA
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The Naval Air Material Center, Naval Air Development Center,
Naval Parachute Facility, and Naval Medieal Units, all have given
substantial support to NASA.

Pacific Missile Range, under U.S. Navy management, is aiding in
the operation of the Canton Island, Hawaii, and the southern ('ali-
fornia tracking stations.

Support by units of the Department of Defense has, in general,
been formalized through a series of agreements between NASA and
the particular military service concerned. As a rule, these ngreements
call for reimbursement by NASA for any support or services rendered
over and above normal military operations.

Overall coordination of Department of Defense support for Project
Mercury operations is arranged between Maj. Gen. Leighton 1. Davis,
USAF, Department of Defense representative for Project Mercury
operations, and Mr. Walter (", Williams, Associate Dirvector of Project
Mercury.

In addition, scores of working-level committees and coordinating
groups have been organized, to effect day-by-day coordination be-
tween NASA, the military services, and industry.

Prosect Mercury Funpinag

Initial funding for Project Mercury was provided in fiscal year
1959, when $46416333 was obligated for Mercury research and de-
velopment, and $2,425,000 for construetion and equipment.

In hseal year 1960, the obligation for research and development
totaled $84.328370, and for construction and equipment $35,795,000,
The fiscal year 1960 figures include supplemental funding of 312,
200,000 for research and development, and $6,800,000 for construc-
tion and equipment.

Early in fiscal vear 1960, Congress was advised that NASA in-
tended to transfer 515 milhion from the research and development ap-
|{rnpriutinn to construction and equipment for construction of the
Mercury network., The fiscal year 1960 figures reflect this fund

L ]
L 3

transfer,

For fiscal year 1961, the current allocation of funds is 8100.525.000
for research and development and $15 million for construction and
equipment,
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Total Project Mercury funding obligations for fiseal year 1959 and
1960, and current allocation for fiscal vear 1961, i:-:,, therefore, as
follows:

Research and development ;
Fiscal year 1959
Figeal vear 1960
Fiscal year 1141

- &6, 4146, 344
________________ A e i i i, i S B e i b N4, 328, 470
___________________ 1100, 051, (NN)

e S S e R g S R e e e W O W W W W S S S

O

ar e e I L AL S | W e I | - e i gty O S =40, THG, Tk
Construction and equipment ;

B I B T T e e o T S e o e e e . i i e i P e 2 425, 00

FINCAL YEAT 10U0.. e nmmccncrrsrsaesrenaneeeenreeaeaessmeees Ot | D VU

B I L N I e e S w1 e 10, OEMD), (M)

I L L i i e e, S iy s e e M i e e e oad, 220, (KN

Total through fiscal year 1901 oo e =04, 015, T3

P'roposed ' Research and 1I|~u-tn|mu-m fisenl year 1 1 SR T 245, (Id)

'roposed “Constraction of facilities™, fiscal year Y62 e OTe

Grand total through fiscal year 1902 o oo G068, 200, TO8

( ONCLUSIONS

Project Mercury is a tremendously complex undertaking. It in-
volves concurrent efforts in research, development, engineering, manu-
facturing, test, and training. It is a team effort on a national seale,
Jdirected by the National Aeronaunties and Space Administration, and
-11]1[mnml by the Department of Defense, industry, and research
mstitutions,

Project Mercury is one of the most comprehensive research and
development programs ever undertaken in this country with respect
to manned flight. A major problem is the necessity to attempt to
“man rate” the Redstone .uull Atlas rocket vehicles which were not
designed for manned relinbility. The reliability of these two veh-
¢les is the ultimate key to the success of Mercury. The first manned
Redstone, n major Mercury milestone, was successfully achieved May
o, 1961,

Project Mercury is actually two research and development programs
joined together by the ea wsule—the ballistic flight progran utilizing
Redstone, and the orbital program utilizing Atlus. The suborbital
and orbital phases of Mercury each have different complex problems
to solve and each contribute equally to achieving the ultimate goal of
manned-orbital flight.

Project \lvn-m\. I8 progressing satisfactorily.  Some slippage has
occurred, but it is not out of line when consider ing the :um]rHi \H\ of
the development and past history of other large research and de-
velopment programs.

Project Mercury will make a valuable pioneering contribution to
followon manned: space flight programs, such as the NASA Apollo
and the DOD Dyna-Soar projects.

DOD-NASA coordination in the prosecution of Project Mercury
is outstanding in every respect. Both organizations are dedicated to
the success of this country s nnh cuarrent man-in-space progral.
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The cost of successfully completing Project Mercury could exceed
one-half billion dollars, :vavmllﬂu upon the success of meeting the
flight-test turget goals as presently scheduled. Agnin, considerntion
must be given to the fact that Project Mercury is, in fact, two par-
allel research and development programs joined by the space capsule
developmeni. Booster reliability will be the key to inereased program
("SI S,

Some critics of Project Mercury believe that it is being overtaken by
advancing technology : however, it appears that the state of the art
wrovides no categorical indication that such is the case. The Air
L‘m*re, NASA, and the Navy are learning together in the X-15 pro-
gram as we progress in our approach to manned-space flight, The
Discoverer program is providing valuable data for future space en-
deavor. DOD and NASA participation in numerous missile and
space programs indicates no technological advancements that would
negate the value of Project Mercury. Although decisions for the
configuration of the capsule and the boosters were made several years
ago, technology has not advanced to the extent of overtaking the basic
Mercury concept which is to achieve an early capability for orbiting
man in space.

Project Mercury is now 215 years old. Since its inception, an ex-
tensive wind tunnel and flight-test program has been carried out, in-
volving hundreds of wind tunnel and airplane drop tests, and 15
major rocket launchings: the Mercury pl-mllurliun capsules were de-
signed, engineered, and tested—12 were delivered by the end of April
1961 ; a major network of communications and tracking stations was
completed : and training exercises of both the systems and the astro-
nauts are progressing. A\ major flight-test program has begun, in-
volving manned and unmanned-ballistic flights, leading to manned-
orbital flight.

Project Mercury continues to move forward in an atmosphere of
confidence apparent to all concerned. Morale is high, hours are long,
the astronants are busy and fit. The team is {lu{h{-utml to a :-ingh*
goal—the achievement of successful manned-orbital flight.
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- Tasre I1.— Ground instrumentation plan for Project Mercury

Ruodar Acuisition Giroumnd communications
1= Teleme- | Commu- | Com- - = =&
SUHLION Dl Coverage, asses iry re- nication mand
= @ ception | (capsule) | control FA | BA M Voler TTY =5R Timing
radio
Canaveral 1, 2amd 3 (X) X h Y X h Y X (X e b1 X = ¢ e
tirmned Bahamn 1. 2aml 3 A LY b, ¢ b, ¥ X b, % AMR o
Cirandd Turk 1.2and 3 X X X X X AMR —
Rermmila 1. 2amd 3 b1 h Y X Y X X A .1 Y ol
A tlantic ship 1, 2aml 3 hY X .1 X ), | A €3
firnnd Canary Island I and 2. 4 X X X X X X ar
kKano, Nigeria 1 and 2 h, ! X .Y X b, A A
Zanziban 1 and 2 X X X X Y X 4
I nddinn Oeean ship 1, 2amnd 3 | A N h ¥ N b4 X =
Vigchen, Australin 1, 2and 3 N X X b 1 X Y LY .
Woormern, Anstralin 1 and 2 . Y ¥ X N Y 1 4 ®
Caniton 1slandd 1 amd 2 X ¥ X X X o=
beauind Island, Hawan 2and 3 X A X A X X X x b v
I"oint Arguello. Calil 2and 3 A b A ! X ¥ X X X -y
Clunvmas, Mevieo 1. 2and 3 Y A b, ¥ b, § )Y X A X
W hite Samils, N, Mex 1. 2and 3 N X b1 N h ¢
l'lu||h||-iI‘i'lfl.‘w’!':,.rd'l 1. 2 nmul 3 Y b, X LY X 1 b, ¥
Eelin, Fia 1, 2amd 3 A X X X X
Cvoeladard ."l'|,| e Flight Centoer ®
M PPQ-31 < Crroumd communications

Qite functions: FA - fully automatic; SA -seminutomatic; M—manual; S5H single stdeband
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AGreEMENT DBETWEEN THE AR Proving Grousp CENTER AND TIHE
NASA-Srace Tasg Grovp

CONCERNING PRINCIPLES GOVERNING REIMBURSEMENT OF COSTS

(1) Purpose—A DOD-NASA agreement, signed November 12,
1959, by Deputy Secretary of Defense Gates and NASA Administra-
tor Glennan, under the provision of section 203(h) (6) of the National
Aeronautics and Space Act of 1958, set forth the general principles
gm't!rnin,: the reimbursement of costs incurred by DOD or NASA
in providing for use by the other of its service, equipment, personnel,
and facilities and in transferring equipment and supplies. The DOD-
NASA document is the nuthority and basic reference under whiel
this agreement is established.

(2) Agreement —It is agreed that the Air Proving Ground Center
(EAFB) will bill the NASA-Space Task Group for cost of support
peculiar to Project Mercury which is in addition to common range
support. Common range support is defined, for the purposes of this
agreement, to include but is not limited to: APGC services as a test
range for satellites, space probes, missiles, drones, and related equip-
ment, and supporting tests and training organizations. Evaluation
of test results determined by data acquisition and reduction,

(A) Common range support—nonreimbursable.—Common range
support is that normally provided as part of the range service, com-
mon to the majority of range users. It will be programed, budgeted,
and funded by APGC on a nonreimbursable basis.  The cost of oper-
ating existing stations will, in general, be nonreimbursable,

(1) Examples of nonreimbursable items:

(@) Salaries of radar operators at existing stations.
(h) Range time used during normally scheduled periods.

(B) Support peculiar to Project Mercury—reim bursable —Support
peculiar to Project Mercury is that support which would not other-
wise be required to be -provided by the range except for Project Mer-
cury requirements.

(1) Examples of reimbursable support are:

() Total operating costs of new stations established for Proj-
ect. Mercury.

(6) Travel, transportation of things, per diem, and commu-
nication costs incurred on behalf of Project Mercury.

(¢) Direct increased cost of operating existing stations.

(C) Differences—Conflicts or inconsistencies in billings, or any
special cases which arise, will be brought to the attention of the DOD
representative whose group will establish an appropriate position for
N ASA consideration.

(D) Budget extimates and financial administration.—

(1) Two copies of the fiscal year 1962 budget estimates for Project
Mercury and fiscal year 1961 financial plan for Project Mercury and
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two copies of future budget estimates and financial plans will be sub-
mitted to NASA at the time of normal submission to Headquarters
ARDC. NASA reimbursable costs will be reflected therein. Note:
The nitial fiseal year 1960 and 1961 estimates from all ranges were
submitted to NASA through AFMTC (AMR) for review of format
and content,  ( Flash estimate.)

(2) Nerviee orvder and billings—NASA Spice Task Group will
1ssue an order requesting range services and authorizing billings there-
fore based on range estimates.  In accordance with this policy, APG(C
will submit monthly billings on S.F. 1080 showing actual costs broken
down in the same way as estimates were prepared direc tly to:

NASA—Space Task (iroup
Budget and Finance Office
Langley Field, Va.

(3) Fffective date and duration of agreement,—This agreement is
effective immediately, but the provisions may, by mutual ngreement, be
revised at any time based upon experience of the two organizations.

Roperr R, Giurorn,
Director of f’ru_jrr*.r‘ _-Ifr'.*'rm'y.
Joe W. Krrny,
(reneral TUNAF,
Arrin 11, 1960,

AGREEMENT BrrwieeN 1THeE Air Force Missine Test Cexter (AMR)
AND THE NASA-—Speace Task Grovrp

CONCERNING PRINCIPLES GOVERNING REIMBURSEMENT OF CORTS

(1) Purpose—\N DOD-NASA ngreement, signed November 12,

059, by Ihq:nn Necretary of lll‘fl'llhi' Gates and NASA \il|u|u|--—
Hntul‘ (ilennan. under the provigion of section 205(b) (6) of the Na-
tional Aeronautics and Space Act of 1955, set forth the general prin-
ciples governing the reimbursement of costs ine urred by DOD or
NASA in providing for use by the other of its services, equipment,
personnel, and f.lilhlh'- and 1 transferring equipment and supplies.
The DOD-NASA document is the authority “and basic reference under
which this agreement is established.

(2) .lyuumn-".—]t 1s agreed that the Xir Force Missile Test Cen-
ter (AMR) will bill the NASA-Space Task Group for cost of SUp-
ort peculiar to l‘lnjwt Mercury which 1= in addition to Common
tange Support.  Common Range Support is defined, for urposes of
this agreement, to include but is not limited to: AFMTC (AMR)
services as a test range for satellites, space probes, missiles, drones, and
related equipment, and su porting tests and training organization:
evaluation of test results determined by data acquisition and redue-
tion: utilities, security, and fueling of missiles on pac.

. Common  range  support—nonceinbursable—Common  Range
Support is that normally provided as a part of the range service, com-
mon to majority of range users. It will be ‘Inu-rl.uuwl budgeted, and
funded by AFMTC | AMR) on a rmnu-lm mr=able basis. The costs
of operating existing stations will, in general, be nonreimbursable.
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(1) Examples of nonreimbursable items:
() Salaries of radar operators at existing stations,
(6) Range time used during normally scheduled periods,

(B) Support peculiar to Project Merewry—reimshurable —Sup-
port peculinr to Project Mercury is that support which would not
otherwise be required to be provided by the range except for Project
Mercury requirements,

(1) Examples of reimbursable support ave:

() Total operating costs of new stations established for ’roj-
ect Mercury.

(6) Travel, transportation of things, per diem, and commu-
nieation costs ineurred on behalf of Project Mercury.

(¢) Operaf g costs of Atlantie Ocean and Indian Ocean ships.
Port facility expenses for the Atlantic Ocean ship will be non-
reimbursable, since it will be based at Trinidad where AFMTC
(AMR) facilities already exist as common use support. Port
facility expenses for the Indian Ocean ship will be reimbursable
since AFMTC (AMR) has no available Indian Ocean port
facilities.

(') Differences. Conflicts or inconsistencies i billhings or any
special cases which arise will be brought to the attention of the DOD
representative whose group will establish an appropriate position for
NASA consideration.

(D) Budget estimates and financial administration—(1) Two
copies of the fiseal vear 1962 budget estimates for Project Mercury
and fiseal vear 1961 financial plan for Project Mercury and two copies
of future budget estimates and financial plans will be submitted to
NASA at the time of normal submission to Headguarters ARDC,
N ASA reimbursable costs will be reflected therein. Note: The initial
fiseal year 1960 and 1961 estimates from all ranges were submitted to
NASA through AFMTC (AMR) for review of format and content.
( Flash estimate).

(2) Nerviee ovder and billings—N AN\ Space Task Group will
issue an order requesting range services and authorizing billings
therefor based on range estimates. In accordance with this policy,
AFMTC (AMR) will submit monthly billings on S.F. 1080 showing
actual costs broken down in the same way as estimates were prepared
i]it'l*l'li}‘ to:

NASA—Space Task Group
Budget and Finance Office
Langley Field, Va.

(3) E'ffective date and dwration of agreement —This agreement 1s
effective immediately, but the provisions may, by mutual agreement,
be revised at any time based upon experience of the two organizations.

Roserr R, GioruTi,
f!.r'.r': ctaor n_,i" f’:‘u;rr'f .Ha':'f‘i”‘_r,*_
March 28, 1960,

Doxarp W, Yares,
Major General. UNAF,
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AGREEMENT BETWEEN THE CHIEF OF NAVAL OPERATIONS AND THE
NASA Srace Task Grrove

Subject : Principles governing reimbursement of costs incurred
ltlll]'lllll“llll with recovery oper rations,
Reference: (1) Section 203(b)(6), National Aeronautics and Space
Act of 1958,
(4) Agreement between the Department of Defense and
National Aeronauties and Space Administration,
dated September 14, 1959,

. Background.—Reference (a) authorizes the National Aero-

llllllflr“ﬁ and Space Administration to use. with their consent, the
services, equipment, personnel, and facihities of other Federal agencies
with or without reimbursement and requires such agencies to coop-
erate fully with NASA in such regard. Reference (4), sets forth
the general prine iples governing the reimbursement of costs incurred
by DOID or NASA i prov |t|ln,t_-' for use by the other of its services,
equipment, personnel, and facilities and in transferring equipment
:unl*-upplula

!’mpnmf —It 15 the purpose of this agreement to

. Outline the elements of cost incident to Navy participation
1 tmnwr‘\ operations, outside the scope of the mutw: llu'. of interest

yrovision of reference (4), and therefore subject to reimbursement
L} NASA,

h. Outline the general procedures for such remmbursement,

¢. Provide a sound basis for budgetary planning and to imsure
that the additional costs involved are adequately funded.

fh‘ﬂﬂ”fﬂﬂm

. Recovery operations mneclude, but are not necessarily lmited
In pqmlmnmg of ships, craft, and aiveraft of various types at pre-
determined bases or areas in relation to the particular mission, search
and pickup of the payload, and delivery to an agreed location: train-
In-r of personnel and development of recovery techniques,

Divect support includes, but is not nee essarily limited to, ship
ti.th‘ and/or aircraft hours deveoted to direct participation in recovery
operations or in operations whose sole objective 1= in support of I’roj-
ect Mercury endeavors,

4. Basix for re cmbursenmient and allowable coxsts,

a. Ship days and aireraft hours, utilized in divect support of Proj-
ect Mercury operations (and llu-n-fnw subject to renmbursement)
cian most lu'fn*ulh be determined by the fleet commander (or his
tlt*‘a]f_’,‘llll[t’ll Hlpli*mﬂllnllu'h}} of Ilw tHthIIII“‘ force(s) imvolved,
In computing the ship days and airer: aft hours subject to the fore-
going reimbursement, it is recognized that a portion of the days
steamed or a |mltlul| of the total ]H}llh flown. incident to direct sip-
port of Project Mercury may, in some instances, be properly allo-
cable to unique Navy effort amh as traming and other ac tivity 'IHH
tributory to fleet readiness. Such portion is funded in regular Navy
programs and is not subject to reimbursement by NASNA .nnl the de
termination thereof shall be made, as above, by the fleet commuander
ur Ilh designated l‘l'lll‘t‘ﬂ*“lrlll\t‘i S).

. Based upon prevailing Bureau of Ships and Bureau of Weapons
cost factors, the following elements shall be included in arriving at
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the cost of a ship day and aircraft hour, by type vessel and aircraft,
which are subjeet to reimbursement by NASA:

(1) Ships:

(«) Nonscheduled repairs, based on current experience, by
type, caleulated on a ship-day basis.

() Supplies and equipnge (consumables and spare parts),
based on current consumption by ship type, caleulated on a ship-
day basis.

(¢) Fuel, based on average barrels consumed per hour under-
way N24X current Navy stock fund price per barrel.

(d) Costs of overhauls are excluded.

(2) Aireraft—average hourly cost, by type, to include:

() Fuel,

(6) Lube oil.

(¢) Consumable supplies and spare parts,

(d) Provated cost of airframe rework and engine overhaul.

¢. Special equipment, including cost of installation and removal,
as applicable, purchased by the Navy for direct support of Project
Mercury. Title to such equipment will be held by NASA.

d. Cost on installation and removal of NASA furnished equipment.

e. Travel, per diem, telephone costs, photography, and other addi-
tional out of pocket expenses,

f. Special costs incidental to aireraft deployment for Mercury
support.

b, Budget estimates and financial administration.—a. Cstimates.—
Fiscal year 1960 and fiscal year 1961 budget estimates of the cost of
support of Project Mercury and future budget estimates will be sub-
mitted to NASA as required. NASA space task group will issue, to
each cognizant Navy bureau, reimbursable Government orders based
on the above estimates. It 1s recognized that these estimates are
not limitations. Accordingly, both estimates and orders are subject
to amendment based on changing operational requirements,

b, Billings—(1) Charges for actual ship days and mireraft hours,
subject to reimbursement, {:]u:-'- other costs, subject to reimbursement,
financed from funds available to fleet activities will be billed quarterly
by BuWeps and BuShips on S.F. 1080, showing actual costs, broken
down in the same way as estimates are prepared.

(2) Charges for costs incurred by a field activity of the Shore Is-
tablishment will be billed by the field activity concerned on a funded
basig.  S.F. 1080 will be prepared as outlined above but will he
submitted monthly.

(3) Billings on S.F. 1080 will be submitted to: NASA-Space Task
(Giroup Budget and Finance Office, Langley Field, Virginia.

Roperr R. GiLruUTH,
Dirvector of f";'u_ji-r'f Mereury.
Jases S, RusseLL,
Adm .r'..r'n'f_ /.. .an'y.
| iee €'h r'r_f nf 1\*.'.”‘.'!; f!,-‘.-r.‘"r.".-’;r”m,

Dated March 30, 1960,
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DIVISION OF LANGUAGE SERVIUCES

(Translation)
LS NO. 4406
T-02/R-N1XNX
Npanish
Ministry oF ForpiaN Arraies,
Madvid. March I8, 1960},
No. 191.
His Excellency W. Parg ArMsTRONG,
I"“.;HH'.fﬁj' ff-.lffru'h'x ael inderim Hf the { 'n ited States H_f A omne r.:r'rr. Maod rud,

Excernrexcy: 1 have the honor to acknowledge the receipt of yvour
note No. 1007, dated March 11, the Spanish translation of which
reads as follows

“Ixcenreney : I have the honor to refer to recent discussions be-
tween our two Governments concerning the proposal that my Gov-
ernment be authorized to establish and operate jointly with the Gov-
ernment of Spain, for scientific non-military purposes, a facility for
space vehicle tracking and communications on Grand Canary Island,
Such a facility is required by the United States as part of a world-
wide tracking range being established i connection with its manned
satellite program, known as Project Mercury, under which the United
States plans to place a manned earth satellite into orbital flight and
to recover it.

“The Government of Spain, desiring to cooperate with the United
States in this scientific progranmi, and l!'ll-‘t'l"h}' to contribute to the
knowledge of man’s spatial environment and its properties, has au-
thorized the establishment of a tracking and communications facility
on the Island of Grand Canary. Accordingly, the two Governments
agree on the following general principles and procedures:

“1. The Government of Spain shall furnish land arveas and rights-
of-way for use by the National Aeronantics and Space Administration
(heremmafter referred to as NASNA) needed for the establishment and
operation of the facility to be located at the southern end of the Island
of Grand Canary. The specific site of the facility and quantity of
land shall be as agreed upon by the authorized representatives of our
two Governments, The United States Government shall be repre-
sented by NASA. The Government of Spain shall be represented
by the Instituto Nacional de Téenica Aeronautica, hereinafter referred
toas INTA.

“2. The Government of the United States, for its part, shall con-
struet, at its expense, the station that is the object of this agreement.
All cost of nstalling, equipping and operating the facility <hall also
be borne by the Government of the United States, including the cost
of constructing the necessary highways and access roads, The fore-
going activities shall be earried out in accordance with applicable
H}Hllli.‘ih laws and the provisions of Article 9 relating to the ownership
of property.

*3. The facility shall consist of installations for an S-Band radar,
IEIE'IHP[I‘_".'. a ;.rt'umul-tn-uil' transmitter, and a ground receiver: sub-
ject to agreement by both governments, installations necessary for
point-to-point communications to the extent that communications
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requirements cannot be met by local telephone and telegraph facilities:
and necessary supporting buildings and structures for oflices, storage,
housing, sanitation, and other purposes deemed necessary. Buildings
will generally be of a standard prefabricated type, transportable
sect1ons.

“4. Power for the facility shall be generated at the site by equip-
ment to be installed as a part of the facility,

“5. Upon the request of the United States and subject to Spain's
obligations under international conventions, the Government of Spain
shall authorize the nse of radio frequencies required for the purposes
of the facility. However, the high frequency channel required for
ground-to-air communication with the space vehicle shall be de-
termined by the Government of the United States.  All radio opera-
tions shall be conducted so as not to cause interference with Spanish
mstallations,

“6. By agreement of the two Governments, a United States con-
tractor has been engaged to construet the facility. The contractor
shall employ, to the maximum extent feasible, availuble local subcon-
tractors and labor to perform the required work. Materials and sup-
lies available loeally shall be used as much as possible, The Gov-
ernment of Spain shall, upon request of the contractor, assist him
in the local procurement of goods, materials, supplies, and services
required for the construction of the facility.

“7. The special electronic equipment and related equipment re-
quired for the facility shall be United States-type equipment and shall
be installed by United States technicians,

*S. The Government of Spain shall. upon request, take the neces-
sary steps to facilitate the admission into Spain of material, equip-
ment, supplies, goods or other items of property furnished by the Giov-
ernment of the United States for the purposes of the facility. Span-
ish authorities shall be informed in advance through INTA of the
contents of such shipments. No tax, duty or charge shall be levied
or assessed, either by the Government of Spain or by any other
Spanish authorities, on material, equipment, supplies, goods or prop-
erty brought into or procured in Spain, for use in the operation of the
facility on the Island of Grand Canary.

“0. Title to all materials, equipment or other items of movable
property used in connection with the facility shall remain vested in
the Government of the United States. Title to all other property shall
continue to be vested in the Government of Spain or other Spanish
owners. Material, equipment and property of the Government of the
["nited States at the facility may be removed free of taxes or duties
by the Government of the ['nited States at any time,

*10. The facility shall be operated by NASA, either directly or by
contract with a United States firm. To the maximum extent feasible,
qualified Spanish personnel shall be utilized in connection with the
operation and maintenance of the facility, in addition to United States
technicians and specialists assigned by NASA or the contracting firm,
NASA and INTA shall cooperate closely to ensure full aceess by
INTA to the facility in order to make possible a full exchange of
information concerning both the techniques employed and the uses
to which the facility is being put.
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“11. (a) The Government of Spain shall take the necessary steps
to facilitate admission to the Island of Grand Canary of such United
States personnel as may be assigned to visit the facility or participate
in its operation. Such personnel shall not exceed that necessary for the
construction and effective use of the station. Their names and other
related information shall be promptly communicated to the Govern-
ment of Spain.

“(h) Personal and household effects of United States personnel (1n-
1'1“:“”:: ]u*l':-ulllu'i of N.\H.\‘r& contractors :uul subeont ractors) n|:1_\: he
brought into and removed from Spain free of all taxes and duties:
such effects shall not be sold or otherwise digposed of 1 Spain except
under conditions approved by the Government of Spain.

“(¢) The presence on Grand Canary of United States personnel,
personnel of NASA'S contractors and subcontractors, in connection
with the establishment or operation of the facility shall not constitute
oither residence or domicile and shall not, of itself, make such subject
to taxation, either on income or property. However, such personnel
shall not be exempt from indirect taxes on goods or services purchased
by them in Spain.

T412, (a) The United States anticipates that the facility will be re-
quired for use until July 1, 1963, The Government of Spain agrees
IL:n‘ the facility may be operated under the general prineiples and
procedures provided herein until that date, and for such additional
period as the two Governments may agree upon,

“(b) Should changed conditions alter the requirement of the Gov-
ernment of the United States for the facility prior to July 1, 1963,
the Government of the United States shall have the right to terminate
its use of the facility by giving ninety days’ advance notice to the
(Grovernment of Spain.

*(c¢) If, upon terminating its use of the facility, the United States
(rovernment should desire to lliHIJth-u of all or part of the materials,
equipment or other items of property to wlich 1t holds title on the
Island of Grand Canary, the two Governments shall enter into con-
sultation as soon as possible prior to the date of termination of use in
order to make the necessary arrangements. The Spanish Government
shall have a preferential right in the purchase of such material, equip-
ment and other items of property.

“13. Supplementary arrangements between N ASA and INTA shall
be made Ilt-mu time to time as required for the carrying out of the
purposes and provisions of this Agreement.

“14. It 1s understood that to the extent the implementation of this
Agreement will depend on funds :1]}[1!“{”":11!91[ by the Clongress of the
["nited States, it is subject to the availability of such funds,

“If the foregoing general principles and procedures are aceeptable
to Your Excelleney’s Government, I have the honor to propose that
this note and Your Excellency’s note in reply to that effect shall con-
stitute an Agreement between our two Governments on this matter
which shall enter into force on the date of your note in reply.”

On mmforming you of the Spanish Government’s aceeptance of the
foregoing, 1 request, Sir, that you aceept the assurances of my high
consideration.

(Siened ) Ferxaspo Castierna.

—
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