REVIEW OF THE SPACE PROGRAM

MONDAY, FEBRUARY 15, 1960

House or REPRESENTATIVES,
COoMMITTEE ON SCIENCE AND ASTRONAUTICS,
Washington, D.C.

The committee met at 2:30 p.m., Hon. Overton Brooks (chairman)
presiding.

The CeamrMaN. The committee will come to order. I have a note
here from Mr. Wilcove, our consultant, that Mr. George M. Low,
who was due to testify as to the Mercury project, is sick. He will
not be present to testify. So we have now Mr. Richard V. Rhode,
assistant director of research, and Maj. Victor W. Hammond, Air
F;frce tracking and data acquisition program of NASA. I think
that is it.

Mr. Furton. May I welcome them both, too.

Mr. Ruope. Thank you.

Mr. Forron. Glad to see you here.

The CrairMaN. We are happy to have you, gentlemen. Mr. Rhode
has a prepared statement here. I would suggest, Mr. Rhode, that
you proceed with your prepared statement.

Mr. Ruope. Thank you, Mr. Chairman.

STATEMENT OF RICHARD V. RHODE, ASSISTANT DIRECTOR OF
RESEARCH, NASA

Mr. Chairman and Members of Congress, many problems in applied
research and technology must be solved before we can accomplish our
future, more advanced space missions. A great deal of knowledge
has to be obtained through the research process in order to establish
the facts required to make a sound judgment as to the feasibility of
any development project. To proceed with development in the ab-
sence of such knowledge means that we must pin our hopes on
assumptions born of ignorance.

I can assure you, gentlemen, that this can be an extremely costly
process.

In order to illustrate our research activity, let us consider a space
mission designed for manned circumnavigation of the Moon (fig. 109,

. 662).

P I ca)ll our attention to the charts on the side wall. I am sorry
the physical limitations of the room prevent me from getting up to
the charts myself. I have asked Mr. Goranson to handle the charts
for me. I am now speaking to the first chart.

This lunar mission entails launch and exit from the atmosphere,
space flight, orbiting the Moon and exploration of the lunar surface,
and finally, return to Earth, entry into the Earth’s atmosphere and
landing. The first phase of this or any other mission is launch and

exit from the atmosphere (fig. 110, p. 662). 66
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LAUNCH AND EXIT

This manned lunar mission will require a large main booster, such
as Saturn, with suitable second stage and other boosters, and a pay-
load consisting of a space craft and reentry vehicle together with their
contents. Such a system is large and heavy. The length may be 300
feet and the weight a million pounds. Because of the great impor-
tance of weight, the structure will be light and flimsy by normal
structural standards. On the other hand, the volume and weight of
the fuel will be large. The system will be balanced on and accelerated
by rocket engines having a total thrust of 1.5 million pounds, and
it will be subject not only to the force of thrust along the axis, but also
to side forces caused by winds and turbulence and to the corrective
sidewise components of thrust from the gimbaled engines.

With such a system, having large weights and forces and a light
structure, there is a very diﬁicult problem of vibration or system
dynamics.

One aspect of this problem is the interaction between the control
system and the flexible structure. This aspect, which is called struc-
tural feedback, can be demonstrated by a simple model. The model,
you will note, is on my left.

The control system consists of a device sensitive to motion, called a
sensor, which transmits a signal to a control element. Here, the sensor
is a simple accelerometer and the control element is an electro-magnetic
device which causes side forces similar to those caused by the gimbaled
engines. When the sensor is moved by hand, the control device also
moves and causes the structure to respond.

I should like to interpolate a remark here just so you will under-
stand that the only time that the force representing that from the
gimbaled engines goes into action is when the sensor is moved. There
1s no external force applied. This electro-magnetic device must be
regarded as a part of the system.

I call your attention to the fact that the control device is designed
to shift the attitude of the machine to exert proper control, and if the
machine were a rigid body, it would do so. 'The thing about it is that
the body actually does have structural flexibility so that when the
control element seeks to cause the vehicle as a whole to change its path,
it does set up those structural deformations which you have just seen.

The CHAIRMAN. Show us where the gimbaled engines would be.

Mr. RuopE. They would normally be at the bottom. If you will
refer to the chart you will see the engines at the bottom of the chart
with the exhaust gasses coming out of them. These engines are nor-
mally mounted on swivel bearings so that the direction of thrust can
be changed to cause corrective sidewise forces in the system.

Now, when the sensor is moved by hand, the control device also
moves and causes the structure to respond.

In practice, the sensor must, of course, be located somewhere in the
system. Suppose we mount it amid-ships and then see to it that the
model is disturbed in the same way that it might be disturbed when
encountering a gust in flight. Now, you see that it keeps on shaking.
The response of the structure is considerable and in practice this much
vibration would destroy the vehicle. It does not die out and is there-
fore called unstable. The shape of the axis as it bends back and forth
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in the demonstration is typical of a simple bending vibration. Now,
let us see what happens when the sensor 1s placed at the nose [indicat-
ing]. You see what a more complex form of vibration is excited.
That was the third mode, as we say.

One can readily see that the interaction of a control system and a
flexible structure poses a problem.

As previously noted, the system contains a large mass of fuel, and
the demonstration has shown that vibratory motions will cause the
fuel to slosh around in the tanks, thus setting up additional large and
irregular forces. This is one aspect of the problem that gives us con-
siderable trouble, so that we have brought along with us a short movie
sequence showing studies being made of fuel sloshing in the labora-
tory. You will first see a transparent tank with colored fuel reacting
to controlled forces. This will be followed by a demonstration of the
effectiveness of bafiling. The gimbaled engines are simulated by an
air je?t at the bottom of the tank. Now-—can we get that in better
focus?

The operator is putting a simple baflle in the tank now. You see
that the fuel does not now slosh around particularly, and the motion
damps out.

These and other facets of the booster-system dynamics problem are
being actively studied at our research centers by both experimental
and mathematical techniques. We will have to continue to do so for
some time to come, because the problems become both more serious and
difficult as the systems become larger.

SPACE FLIGHT

Once the vehicle has been successfully launched into space, many
new problems are encountered. Among them are the hazards of the
space environment, such as meteoroids, and problems of guidance and
attitude control of the spacecraft. Let us consider first the meteoroid
problem (fig. 111).

Meteoroids are metallic or stony bodies that travel through space
at speeds estimated to range between about 25,000 and 165,000 miles
per hour. Many of these meteoroids are very large, such as the one
you see in the movie, that caused the craters on the Moon or the one
that fell in Arizona centuries ago to create the well known meteor
crater there. Others are very small.

Fortunately the large ones are extremely rare. For example, the
surface of the Moon has not been visibly changed by these large-scale
meteoroid impacts since the invention of the telescope. We don’t
worry about these large meteoroids any more than you do when you
walk down the street.

The small ones, however, are quite frequent in occurrence in space
and the probability of an impact by one of them on a space craft
becomes quite large. In fact if there were no atmosphere surround-
ing the earth we would all be likely targets for them.

%‘hese small meteoroids may be only a few thousandths of an inch
in diameter.

Although very small, they can, because of their tremendous speeds,
be very destructive. It has been estimated, for example, that a ball in
space made of aluminum about one yard in diameter and having a
thickness of .005 inch might be punctured as often as once every ten
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in which this can be done. You are all familiar, I am sure, with
proposals that have been made to lower a suitable container to the
lunar surface by means of retrorockets, such as indicated at the left
on this chart. This kind of system perm1ts a soft or easy landing,
even in the absence of a lunar atmosphere, and is the kind of system
that will have to be used to place a man or men safely on the Moon.
However, 1t is complex and heavy. The research problems involved
are common to other aspects of space flight—viz: lightweight struc-
tures, stabilization and control, guidance, throttleable rockets, et
cetera.

Because of the complexity of the soft-landing system, we seek
simple ways to land instrument packages on the Moon. Instru-
ments can be made rugged enough to withstand impact accelera-
tions higher than those suitable for man. Consequently, we can con-
sider systems that land at rather high speeds, and therefore, do not
require all of the guidance, control, and fuel required of a soft-land-
ing system. These slmpler svstems do, however, require means for
qb@orbmﬁ the shock of impact.

Some of the means to which I allude are now being investigated
and are indicated on the chart. They are crushable structure pene-
tration spikes, and pneumatic cushions. Of course, in studying these
systems, we must at the moment assume that the hardness of the
lunar surface is comparable to that of the Earth’s surface. We are,
however, developing techniques for measuring the hardness of the
lunar surface, so that when we send a rocket to the Moon we will
be able to obtain this essential information. Meanwhile, studies of
the energy-absorbing schemes are proceeding.

The crushable-structure concept employs lmhtwelght metal struc-
ture, such as this honeycomb sample that I have here. This piece of
material weighs about 2 ounces and it has a capability of absorbing
about 600 foot—pounds of energy, which would be somewhere in the
neighborhood of a 50-pound mass striking at a speed of 30 feet per
second. After it does its job it looks like this, and in the interim it
has absorbed energy by deformation of the material.

The penetration spike is a very simple device, but it works only
when the surface of the ground is neither too hard nor too soft. It
absorbs energy by displacing and compressing the material into which
it. penetrates, just as a nail absorbs the energy of a hammer blow.
Both the crushable structure and spike concepts require proper orien-
tation with respect to the impacted surface. The gas cushion, how-
ever, does not have this limitation. Tt is therefore, the slmp]est of all
systems although requiring more research to understand how to design
it. Tn the case of the gas cushion, the instrument package is sus-
pended in the center by numerous radial cords, which, unfm‘runate]v
are very difficult to see in that sketch.

The system falls freely in the lunar gravity field because there is
no atmosphere. ['pon impact the cuchmn compresses until the in-
strument. package is brought to rest on the impacted surface. .\t this
instant, the bag is split to avoid 1ebound Enerey is absorbed by com-
pression of the gas. by shock waves generated in the gas, and by dis-
tortion of the b‘w skin. Gas cushions suitable for landing mQhumenf

packages on the moon might range between 5 and 25 feet or more in
dnmefel depending on the orbital height and the size and weight of
the instrument package.
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To conclude, gentlemen, I have tried to show you something of our |
advanced spacecraft research and technology and its meaning. This
activity covers a wide variety of problems relating to launch and exit,
space flight, lunar and planetary exploration and reentry into the
earth’s atmosphere. Current developments are pushing gﬂe present
state of the art, but we are confident that our research activity will

oint the way toward safe, reliable and reasonably economical space

ek
ank you.
The Crairman. Thank you very much, Mr. Rhode. Now, we have

Maj. Victor W. Hammond, Air Force, tracking and data acquisition
program, from NASA,

STATEMENT OF MAJ. VICTOR HAMMOND, TECHNICAL ASSISTANT
TO ASSISTANT DIRECTOR OF SPACE FLIGHT OPERATIONS, NA-
TIONAL AERONAUTICS AND SPACE ADMINISTRATION

Mr. Horner. Mr. Chairman, Major Hammond does not have a
prepared statement. He is going to talk with the assistance of some
charts here at the right.

The Crammman. All right. He can proceed as he wishes to before
the committee.

Mr. HecHLER. Was the witness sworn ?

The CHarrmaN. This is not a part of the other hearing.

Major Hammonp. Mr. Chairman and members of the committee,
you have heard a good deal during the NASA testimony relating to
space vehicles, trips to the planets, various satellite missions, applica- |
tion satellites and tomorrow you will hear Mr. Low on the manned |
space flight program, Mercury. :

However, without ground support instrumentation, in other words,
the instruments that track and }c?lerive data from these various endeav-
ors into the exploration of s%ace, these missions that you heard so
much about simply could not be accomplished.

My subject then is ground support instrumentation. I plan to give
you a bit of background, to begin with, so that we will all be talking
1n the same language.

Secondly, I will give you a short operational example of one of our
tracking systems, namely the minitrack system in actual operation, .
and thirdly, a progress and planning report on our various tracking
and data acquisition networks.

First of all, those of us in the instrumentation business are con-

fronted with four basic missions: The vertical probe, the satellite,
and by this I mean the Earth satellite class of vehicle, the manned \

satellite, namely the Mercury, and the deep space probes (fig. 125, p.
680).

Now, these missions manifest themselves as problems in the way
that we have to set up instruments to collect data from the various
different types of missions.

First the vertical probe. The majority of these type of NASA mis-
sions are launched from Wallops Island, on the coast of Virginia.
This is essentially an up and down type of trajectory, and therefore,
we group our instruments around the base of the launcher and simply
derive the information as the vehicle flies, recording it for later
analysis. There is no hurry about analyzing the data since this is
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| OPERATIONAL EXAMPLE

(MINITRACK TRACKING OF VANGUARD II, 1959 ETA)

- TIME"T(05202) LIFT-OFF T+IHRZTMIN  ANTIGUA
o MEASURED DATA
C T+3MIN  GRAND TURK. T+2HR ISMIN  SAN DIEGO,
| QUICK LOOK QUICK LOOK
C T+5MIN  ANTIGUA, T+ZHR25MIN  QUITO,
QuICK LooK QUICK LOOK

T<47TMIN  JOHANNESBURS, T+3HR SMIN  JOHANNESBURS,
| QUICK LOOK (2™ PASS)
 T+IHRIBMIN  GRAND TURK, T+AHRAOMIN  QUITO & LIMA,
| ‘ MEASURED DATA (2™ PASS)
 T+IHRZZMIN  WOOMERA, T+8HRS0MIN  CONTROL CENTER ISSUES
| ~ QuIck Look (14102) FIRST ELEMENTS

F1cURE 128

mation was sent back to central control here in Washington. Now
the same information takes place at Antigua Island, 2 minutes later.
Antigua is this location right here [indicating fig. 128]. .

This quick-look information—I want to differentiate between quick-
look and measured data that you will see coming up later. The sta-
tion personnel are only confirming that the satellite did, in fact,
come into their sphere of tracking. This information coupled with
precomputed information prior to launch, gives some early feel for
whether the satellite is going into orbit. The personnel at these two
stations now proceed to take their recorded information and derive
the actual measured data from it. They will be transmitting it back
in about 1 hour, 18 minutes from Grand Turk and 1 hour, 27 minutes,
in other words, 1 hour and a quarter to read the data and get it back.
This shows the lack of hurry 11 this type of operation. The satellite
proceeds on by Johannesburg, +47 minutes, over Woomera, an hour
and 22 minutes, San Diego, 2 hours and 15 minutes. By this time
the central control station here in Washington has sufficient infor-
mation for it to know: Yes, we did achieve an orbit. However, as
far as being able to accurately describe this orbit, mathematically,
this is as yet impossible. The satellite proceeds on its way and the
information continues to be taken as it passes over the subsequent
stations.

Let’s now jump to T plus & hours, 50 minutes. This is the first
time with Vanguard III that the control center is able accurately to
describe the orbit. This is quite satisfactory for the routine satellite
mission as I defined it earlier.

However, note how completely unacceptable this would be for the
manned space flight which must be completed in 414 to 5 hours.
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This now shows you a very important difference in the engineering
approaches to the satellite instrumentation as opposed to that of the
manned space flight. This is one of the reasons why you will see the
vast difference in instrumentation of these two types of missions.

Now, with regard to the progress and planning, first the satellite
tracking (fig. 129): We track satellites, the Earth satellite vehicle,
with essentially three methods.

First, the minitrack system which must have an active transmitter
in the satellite. -

Secondly, we use the Baker-Nunn cameras, which I will cover again
in just a moment. This, of course, can track any type of satellite as
long as the camera is told where to look.

FIGURE 129

Thirdly, we use the Moon-watch teams. Again, they can track
any satellite as long as they are told where to look. These again are
very basic differences.

Now, as of next October we will have some 14 minitrack stations
capable of tracking and receiving telemetering on not only the cus-
rently used frequency of 108 megacycles, but also on a new interna-
tionally assigned frequency of 136 megacycles.

Now, the reason I mention this frequency change is because we
were—not only for technical reasons, but also because of radio fre-
quency interference problems—were forced to go to the 136-megacycle
frequency.

Now, changing frequency at a minitrack station is not quite as
easy as tuning a radio receiver as one would do in their home. This
is a one-fortieth scale model of a minitrack antenna [indicating].
There are some eight of these at each one of these stations. These
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form the interferometer baseline that is used. These antenna ele-
ments are precisely cut units, they must be cut to the proper size to
receive on the optimum frequency that they are designed for.

Obviously changing frequency means changing antennas, plus
the electronics that derives the tracking data from the antenna.

Now, in the original IGY, International Geophysical Year, mini-
track equipment, the antennas were oriented so their antenna pattern
was oriented north and south. This means that on the low inclination
orbits they cut through this pattern quite nicely.

However, on a high inclination orbit, such as the polar orbit, you
will note that the orbit could come essentially parallel with the beam;
and the tracking, of course, would not be accomplished.

Therefore, in October, as I mentioned, our stations will also be
equipped with an east-west beam that will allow this network to be
able to track any satellite, providing, as I pointed out, it carries the
proper type of transmitter.

Our station operators, as I pointed out in the operational example—
currently have to actually read the measured data from the records.
This gives rise to human errors at times. We are installing auto-
matic translation equipment so that this will not be necessary.

Now, the Baker-Nunn locations. The Baker-Nunn camera, inciden-
tally, is an especially designed ballistic type camera that uses a film.
We have 12 of these located, as you see on the map (fig. 130, p. 686).
They are limited, in that the camera must be in the dark of the Earth,
while the satellite is illuminated by the Sun. This gives what is
known as a good optical signal-to-noise ratio. In other words, the
ambient light is not causing any fogging of the tracking camera film.

We continue to take routine observations with the Baker-Nunn net-
work and the Moon watch teams which are, incidentally—this work
is done for NASA by the Smithsonian Astrophysical Observatory on
a grant.

We will augment our optical capabilities somewhat in the future for
the geodetic satellite program, but currently our activities in optics
are essentially to look at this limitation that I pointed out here, hope-
fully to give us a greater range of use of these cameras.

The data taken from these cameras, incidentally, is about 40 times
more accurate than the information taken from minitrack equipment.
And this is basically why it is used. This gives the finest tracking in-
formation that we have available to us. ‘

Now, the Mercury program. You will hear the details of the Mer-
cury program, itself, tomorrow from Mr. Low. However, from the
instrumentation point of view, I would like to give you a few com-
ments with regarg to the problems that it means to the instrumentation
engineer. ;

First of all, since there is human life involved, reliability is, of °
course, a very prime thing. The data, as I pointed out, is perishable,
it must be handled in real time. We do not have the time, as we do
with the minitrack, to essentially bootstrap ourselves into a position
of accuracy. The accuracy has to be inherent in the early tracking.
You will note here on the chart (fig. 131, p. 687) now that the Cape Ca-
naveral radars have tracked the vehicle into its orbit and after about 3
minutes the Bermuda station is able to track for some 5 minutes. This
tracking information is sent back to the central control where it is
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Now, at launch from, say, the Atlantic Missile Range, the AMR
mstrumentation derives the position and velocity data or the injection
data from the vehicle and sends this to the control point that then
computes and predicts in advance where the vehicle will be in some
4 hours when the earth has rotated and the Goldstone, Calif., station
isnow in a position to track the vehicle.

Again, as Goldstone completes its track, it must now send its infor-
mation to the control point so that the predictions again can be made
for Australia to find the target, lock on it, and effect its track.

Now, this is very imporant during these first few hours of flight
because this is the time period when the early corrections to the
trajectory are made.

However, as you proceed into the midcourse phase, or the many-
day phase of flight, the predictions can literally be made days In
advance. This is why I said that timeliness of transferring the data
then loses its importance.

Now then. as the vehicle approaches its target, the Moon, for
example, it now comes under the influences of these other gravita-
tional forces and now we must, again, be able to track rapidly and to
make corrections and send command information back to the vehicle
to control a landing for example.

I would like to point out the antenna, itself [indicating]. This
is a model of the antenna that is located at Goldstone, Calif., and is
similar to the one that will be in Australia, and South Africa. It is
85 feet in diameter and you will recall the problem I pointed out about
the extremely small power and the long distance. This is partially
corrected by the fact that this large collecting surface collects the
minute quantities of radio frequency energy, focuses them at this
feed point and sends them on down to be amplified and acted upon.

This antenna dish, itself, not only tracks, but it receives telemeter-
ing information. However, it cannot effect the command control
function that I have mentioned before. To do that, you require a
second dish.

We currently have a second dish for the command function at
Goldstone. We plan, as requirements exist, to install a second dish
in Australia and one in South A frica.

You will recall the explanation I gave here of the net operation.
The explanation I gave was one in which the vehicle was launched
and injected into its trajectory over an instrumented area. If, how-
ever, the type of coast trajectory is used that is available with the
Agena vehicle or the Centaur, a more optimum point is usually se-
lected to effect this injection. This means that the vehicle will coast
in what is known as a parking orbit until it arrives at its optimum
point where a second thrust is given to it.

If this occurs over, say, the Indian Ocean, we do not have a highly
instrumented area down there as we do in the Atlantic Missile Range.
This means that this injection instrumentation now must be placed
in a mobile fashion in these remote locations. This also, we are pre-
paring.

Now. on the subject of central control (fig. 137). the minitrack
network will come under immediate operational control of the God-
dard Space Flight Center when it is completed this summer. The
Moon watch and the Baker-Nunn networks are controlled from the












696 REVIEW OF THE SPACE PROGRAM

Mr. Heciiier. You really have been pretty much in the middle of
this space tracking business, then ?

Major Hamyonp. Yes, sir.

Mr. Hecurer. Did you have anything to do with following this
unknown satellite?

Major Hammono. This recent one, sir?

Mr. Hecrer. Yes. This so-called mystery satellite.

Major Hammonp. This is not really a NASA function. We do not
have In any of the instruments that I discussed a capability of detect-
ing a satellite if we do not know where it is.

Mr. Hecurer. But you followed some of the progress of various
agencies in trying to track this satellite ?

Major HamMMoND. Yes, sir. I personally did, out of pure interest,
right.

glr\/Ir. Hecuvier. I was rather amazed and I might say somewhat
shocked by published reports that the space surveillance system of the
Navy, which initially picked this up, had not turned its data over,
with due speed, and I just wondered whether this is really true?

Major Hammono. I don’t know, sir.

This Spasur system, as I understand it now, and I have been
away from it for some time, is really a research and development
device. Is it reported as an operational device?

Mr. HecuLer. You are not aware then that there was any delay ?

Major Hammonp. No, sir.

Mr. HecuLer. You don’t believe there was any such delay ¢

Major HaAmmonp. I don’t know.

The CaarMAN. Any further questions?

If not, gentlemen, we want to thank you very much for your very
fine statements. They were very illuminating.

Now, if there is nothing further, I would Iike for the committee to
go into executive session for a few minutes. I want to present the
program for the rest of the week to the committee.

Mr. Fouron. I ask the Navy to submit a short statement so we
don’t have any inference of ‘(Tiyt,alay without some statement in the
record from the agency involved.

The CuairmaN. If the Navy wants to submit a statement, of course,
it will be all right.

Mr. Forron. I am asking for it.

The Caairman. The Navy hasn’t requested it.

Mr. FouroN. I am asking for it, if you would be so kind.
b.l'J.‘he2 CuamrmaN. Commander, would you undertake that responsi-

11ty ¢

Commander VAN NEss. Yes.

The CrHAIRMAN. If you see Admiral Raborn, it would be all right
to talk to Admiral Raborn.

(The information requested was submitted but is classified.)

The committee will go into executive session.

) (V;fhereupon, at 8:55 p.m., the committee proceeded in executive ses-
sion.

(The executive session is classified and will not appear here.)





