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SOUNDING ROCKETS

by

Eleanor C. Pressly

When Dr. Robert Goddard began his efforts to develop a rocket, he stated
that his intended purpose was to find a means of transporting instruments into
our outer atmosphere so that direct measurement of that atmosphere could be
made. At that time balloons were being used and the maximum altitude that
could be surveyed was the 20 miles or so balloon peak. Today the sounding
rocket has fulfilled Dr. Goddard's dream and it is the only means available for
direct measurement between balloon peak and satellite perigee. After the end
of World War II, many countries began to sponsor projects in upper atmosphere
research using rockets. '"Soundings'' of the atmosphere were to be undertaken
and so we have the ""sounding rocket." In this paper we discuss the sounding
rocket and its place in space exploration. Several particular rocket systems
are discussed in detail in the appendices.

Basically a sounding rocket is a relatively small vehicle which carries sci-
entific instruments to altitudes of 50 miles and over (an artificial upper limit
has been set as one earth's radius) in nearly vertical trajectories. It may use
liquid or solid propellant and it may have one or more stages, i.e., individual
motors burning consecutively. It does not contain a guidance system but rather
is fin stabilized and during powered flight it weathercocks into the wind.

Immediately after the end of World War II a program of upper atmosphere
research was begun in the United States using V-2's. It was recognized quickly
that rockets designed expressly for research purposes were necessary if that
research was to be done in an efficient manner. Too much compromise was re-
quired between the different experiments for each to be able to collect data
during the desired portion of flight. Thus development of Aerobee and Nike Dea-
con began. The Aerobee was boosted liquid propellant rocket and Nike Deacon
was two stages consisting of the Nike Ajax booster as first stage and Deacon as
second stage. Both could go into the E region of the Ionosphere, the Aerobee
carrying 150 pounds and the Nike-Deacon 50 pounds. More advanced versions
of both rockets are in use today.

During the International Geophysical Year (July 1957-December 1958) there
was international cooperation in upper air research by means of rockets with
seven countries participating. Late in 1958 the National Aeronautics and Space



Administration was formed in the United States with one of its aims being to

help other countries start programs in the scientific exploration of space. Al-
ready the number of countries participating has increased markedly and just
recently a new international range has come into being on the southern tip of
India. Now that we are in the International Quiet Solar Year, Wednesday has been
chosen as the special day on which firings are to be made. This will permit sci-
entists of many countries to coordinate their results and thus obtain a better
scientific understanding.

UNIQUE USEFULNESS

The sounding rocket has a unique usefulness in space work. Some of its
major attributes are: (1) It provides the capability of investigating a vertical
cross section of the atmosphere. Such data provide us with knowledge of the
changes in various atmospheric phenomena with altitude, which are important
for themselves and for correlation with data obtained from the satellite orbit.

In the summer of 1963 at Wallops Island, Virginia an attempt was made to have

a particular sounding rocket in the air when a satellite passed. The two bodies
actually came within 20 miles of each other. Thus vertical and orbit data of the
same phenomena were obtained at the same time. (2) Available observing time
provided is at least 5 minutes (with some rockets it is as much as 30 minutes).
This is ample time for many types of experiments. (3) One experiment can be
flown many times on a sounding rocket with results from one flight being used

to improve the experiment on the next. Thus individual payloads are simpler,
advantage can be taken of new data, and, overall, a more thorough experiment
can be accomplished. (4) It provides a cheap tool for checking out an experi-
ment which is destined for satellite use. Since one is doing basic research, it

is appropriate to use the sounding rocket as a means of determining the best
experimental approach to the satellite experiment, the areas of greatest interest,
and the proper gains to set so that all data return from the satellite will be mean-
ingful. In addition assurance of the capability of the equipment to withstand the
extreme environment imposed on it by the rocket is obtained. (5) The sounding
rockets smaller size makes it practicable to fly a single experiment. This is a
very convenient solution to the old problem of lack of compatibility which some-
times forced experiments to operate only a fraction of the total flight time. (6)
Logistics of firing are simple and ground support equipment and facilities re-
quired are at a minimum. Thus firings canbe made at selected places and selected

- times. In this way special events can be covered in a manner which would

not be practicable with a satellite. An excellent example of this occurred at
Fort Churchill, Manitoba during the solar eclipgse of July 20, 1963. The Church-
hill Research Range, an established but small sounding rocket firing range, was




within 130 miles of the center of totality of the eclipse. Within a period of 130
minutes centered at the maximum of the eclipse, eight rockets were fired from
this range. Five of these rockets are shown in Figure 1. The picture was made
during a "dress rehearsal” which explains the plastic protective covers on nose
cones and fins. All of the range's launchers were used and additional temporary
launchers were installed. With very careful planning, all firings were made as
scheduled. (7) Normal preparation time for a sounding rocket payload is not
more than six months. Thus discoveries made in one flight can be followed up
quickly with another. (8) Similarly it is good for synoptic work in which the
same experiment is repeated over a period of time. Frequently shots of this
type are coordinated from various locations. (9) Most of the advantages listed
above make the sounding rocket a good training ground for those who are going
into rocket and satellite work. The relative simplicity of experiment, rocket,
and firing range logistics all contribute to this end.

SCIENTIFIC DISCIPLINES COVERED

The sounding rocket is useful in most of the scientific disciplines with which
scientists of many countries are concerned and the variety of experiments that
can be performed is virtually unlimited.

In the Aeronomy field the smaller sounding rockets are used extensively
around the world for synoptic studies of winds and diffusion and to a lesser ex-
tent for studies of the structure of the atmosphere as a function of altitude and
of geographic location. Two techniques used in synoptic work are the sodium
vapor cloud and grenades. Figure 2 shows one superimposed on the other. Fre-
quently the two methods are used concurrently for data correlation purposes.
Similarly the composition, neutral and ion, of the atmosphere is under study
both by use of mass spectrometers and of sampling techniques. This latter
method is being employed to investigate noctilucent clouds from Sweden. Both
day and night airglow are under study. Micrometeoroid dust is being collected
for later analysis in the laboratory.

With careful planning, biological experiments can be accomplished on sound~
ing rockets. Normally recovery is required and the closeness to firing time that
specimens can be installed in the rocket is a big factor. To the writer's knowl-
edge, the highest such flight to date went to 1,260 miles altitude and was safely
recovered.

Small rockets can be used to advantage to study particles arriving at the
earth as a result of solar disturbances. The earth's magnetic field can be studied.
Rockets fabricated of non-magnetic materials have been developed expressly for
this purpose.
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Figure 2—Sodium Vapor Cloud and Grenade Experiment

Properties of the ionosphere can be investigated from the "D'' region to
avovic the "F2 mavimnm." A cooperative program between the United States
and Canada called the ""Topside Sounder' has been in operation for several years.

Sounding rockets can be used very effectively to carry telescopes to study
the stars. In some cases the equipment is sufficiently delicate that liquid pro-
pellant rockets, which provide a softer ride, are required and a system for point-
ing the telescope accurately at the desired star, or stars, is needed. One such
system is shown in Figure 3. The same may be said for experiments in solar
physics. The higher altitude sounding rockets can be used for radio astronomy
work.

Engineering questions which arise during the development of larger boosters
can be investigated economically on the sounding rocket.
U.S. ROCKETS IN CURRENT USE

Since about 1947 one or another version of the Aerobee has been the princi-
pal sounding rocket workhorse. At the present time there are two, the Aerobee
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150 and the Aerobee 300, both of which come in 2 configurations. The Aerobee
150 technically is a two stage system consisting of a solid propellant booster
and a liquid propellant sustainer stage. However both are burning for the dura-
tion of the booster and the booster merely provides assistance at takeoff. The
rocket is 15 inches in diameter and provides a minimum of 4-5/8 cu. ft. of pay-
load volume with up to 6 cu. ft. additional volume available as required. This
rocket is discussed in detail in Appendix A. The Aerobee 300 is the Aerobee 150
propulsion system with the addition of a third stage, the Sparrow 1.9 KS 7800
motor. The standard Aerobee 150 is a three fin configuration and the alternate,
called Aerobee 1504, is four finned. Aerobee 300A uses the 150A second stage.

Nike Apache and Nike Cajun are perhaps the most heavily used rockets in
the United States sounding rocket program. They are identical in external ap-
pearance, the difference being that the Apache propellant provides more total
impulse and thus takes a given payload to a higher altitude. The payload shell
consists, normally, of an 11° cone and a 6-3/4 inches diameter cylinder of over-
all length not to exceed 80 inches. Details of the system may be found in Appen-
dix D. Because of their simplicity and low cost, these rockets are commonly used
for experiments which are synoptic or semi-synoptic in nature. For the same
reasons and because logistics are relatively simple, they are frequently the first
rockets new groups and new firing ranges use.

The Javelin is the largest sounding rocket in relatively heavy use. It is a
staged system which employs rocket motors which were developed for the U.S.
Department of Defense. Only the fourth (last) stage was developed exclusively
for space use. This system is described in Appendix C.

Other sounding rockets in use are: (1) The Astrobee 200, a two stage solid
propellant rocket which is similar to the Aerobee 150 but imposes a higher ac-
celeration regime on the payload. (2) Journeyman, a four stage solid capable
of reaching 1200 miles altitude. (3) Astrobee 1500, again a two stage solid, this
time capable of reaching 1500 miles altitude (See Appendix B). (4) Black Brant
II, built by Canadian Bristol Aerojet Limited. Line drawings to scale of four of
these vehicles appear in Figure 4.

OTHER NATIONS' ROCKETS IN CURRENT USE

Canada entered the field of upper atmosphere research by means of rockets
during the International Geophysical Year in cooperation with the United States
and using U. S. rockets. At the same time they initiated a sounding rocket de-
velopment program with the objective being a series of vehicles, called Black
Brant, which would cover the altitude range up to about 600 miles. Black Brant I
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Figure 4—Four Sounding Rocket Systems

was the name given to the rocket during development of the propellant. This
resulted, in 1960, in the Black Brant II, the first rocket for scientific use, see
Figure 5. It is a single stage, 17 inch diameter, solid propellant rocket with a
performance capability essentially equal to that of the Aerobee 150 and the
Astrobee 200. The next rocket in the series, Black Brant III, is a 10 inch diam-
eter vehicle which uses the same type of propellant. Development is nearly com-
plete and the rocket will be ready for scientific use in the near future. Its




Figure 5—Black Brant II at Lift Off

performance capability is 24 pounds to about 100 miles. As originally envisioned
the Black Brant IV was to be a two stage system, made up of the II and III. Black
Brant V is planned as a higher performance system similar in appearance to the
Black Brant II. This vehicle will probably be used as the first stage of the Black
Brant IV and the system capability is expected to attain 600 miles altitude.

The first British Skylark was flown from Woomera, Australia in 1957. This
is a solid propellant, 17 inch diameter, single stage vehicle which carries a
typical payload to about 100 miles altitude. It has a slow initial acceleration and
is fired from a tower.




One of the first rockets to be developed and used for scientific purposes is
the French Veronique. Its first flight was made in 1952 from Hamaguir, North
Africa. It is a single stage, liquid propellant vehicle and the present model is
designed to carry a nominal payload to about 130 miles altitude. The Veronique
employs a novel launching system. During the first 180 feet of flight the direction
of the rocket axis is fixed by four stretched cables which are attached to the four
fins and which pay out from a common drum.

SOUNDING ROCKET FEATURES

The prime, in fact the only, reason for the existence of the sounding rocket -
is its ability to carry a load of scientific instrumentation to some altitude above
the surface of the earth. Particular attributes of different sounding rockets
determine their usefulness in any given situation. Certainly no such thing as an
"jdeal" sounding rocket exists for all purposes. It then becomes the scientists
job to determine which rocket most nearly fits his experiment requirement.

The first consideration is, of course, the altitude regime of interest. A
rocket capable of 200 miles altitude, for example, would be quite unsuitable as
a carrier for an ionospheres D region experiment simply because it would spend
so little time in the D region. One of the payloads prepared for the ionosphere
solar eclipse experiment is shown in Figure 6. The payload in its housing with
antennas installed is shown on the right. Rockets spend 2 minutes of their total
flight time within 10 miles of peak altitude. Thus the optimum peak altitude for
any given experiment would be just above the region of major interest so that
the greatest amount of time could be spent in this region.

Another prime consideration is availability of payload space. The several
rockets described in Appendices A through D provide a good estimate of the
variety of diameters and lengths within which an experiment must be confined.
A payload for Journeyman, Figure 7, was flown from the Pacific Missile Range
in February 1963. This rocket uses the same fourth stage as Javelin and pay-
loads must be able to take the extreme vibration environment imposed by the
X-248. Over the years, experimenters in the United States have found that it is
best to fly a single experiment or group of related experiments. If too much
space is available there is always the temptation to add more experiments and
this always compromises all of them.

Next the acceleration and vibration environments which the rocket motor
will impose on the payload must be considered. It is in this area, and only in
this area, that all liquid propellant rockets have the advantage over solid pro-
pellant ones. The liquid type is characterized by much longer burning time and
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Figure 6—lonospheres Experiment Prepared for

Flight on Nike Apache
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Payload for Journeyman

Figure 7—

12




therefore by smaller longitudinal accelerations and in general vibrations caused
by combustion are much less serious. Both the Aerobee and the Veronique have
maximum accelerations on the order of 10 g's. On the solids it is not uncommon
to encounter 75 g's or even higher accelerations. It is usually possible to design
and build experiments which can successfully withstand the high accelerations,
some experiments using optics being the major exception. Heavy penalties in
sheer structural weight are required in order to provide the necessary strength.
It would be nice if the vibration environment to be experienced were known so
that a simple shake test of the payload could prove its flight worthiness. Except
for a few isolated cases, these data are not available on most of the rocket motors
in use today. However, there is available information arrived at by experience
to the effect that a payload successfully tested to certain levels will fly success-
fully on a given rocket. It may be that these are proper levels. It may also be
that they are higher than necessary and thus experiments are being penalized.

Temperature is another important item to consider. Payload compartment
temperature is determined largely from the heat output of the instrumentation
and normally the temperature rise is held to a relatively few degrees. Nose cone
skin temperature is an entirely different matter. The higher the acceleration in
the atmosphere, the greater the temperature rise will be. For each rocket sys-
tem the material, thickness, etc. of the nose cone (or payload housing) must be
chosen with due regard to the temperature history. For example, the standard
cone for Aerobee is less than half as thick as the one for Nike Apache, both are
aluminum alloys. The nose cone for Javelin is fiberglass with an ablative coat.

Payloads from sounding rockets may be recovered with relative ease and a
minimum of ground support and equipment. With recovery a dual purpose.can
be served. Those experiments which do not lend themselves to recovery of data
by telemetry but rather must be physically recovered (camera film, nuclear
emulsions, air samples, micrometeorote collection to name a few) can be carried
out with every expectation of a successful recovery. Also, and sometimes eco-
nomically very important, expensive equipment can be saved and reflown with
minimum rehabilitation.

Recovery systems normally consist of a parachute (a personnel type canopy
is frequently used), separation devices to break the rocket apart and release the
parachute, timers and power supplies, and perhaps recovery aids such as dye
markers or beacons. One standard system provides for breaking the rocket at
the proper altitude to "spoil" it aerodynamically. This is accomplished by primer
cord initiated by a timer. Then when the section to be recovered returns to
20,000 feet, as sensed by baroswitches, the parachute is released. Ground im-
pact will occur at a speed of about 25 feet per second. Not infrequently, recovery
crews in the impact area are able to spot the parachute while it is still in the air.

13



Sea recovery presents many more problems than land, however it also can be
accomplished quite successfully. An Aerobee payload as seen by the recovery
helicopter is shown in Figure 8. In any event the slow descent allows time for
a good radar fix on the location.

Figure 8—Sea Recovery of Aerobee Payload

One feature of the sounding rocket which is of interest to everyone concerned
with space work is its relatively low cost. Sounding rocket systems vary from
about $5,000 for the smaller ones to $150,000 for the most sophisticated.

It is important that outgassing either from the rocket motor or from air
trapped in the payload be prevented in so far as possible that the atmosphere
may not be contaminated. Such contamination interferes with the observation
the experiment is attempting to make, and in extreme cases can negate the ex-
periment entirely. Outgassing from the rocket motor can be controlled more
easily on liquid propellant vehicles. Shutoff valves located just upstream of the
combustion chamber can reduce the outgassing volume to a minimum. In the
case of the solid propellant rocket, about the only solution available today is to
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separate the payload from the spent motor by some means which provides a
differential velocity and thus remove the payload from the vicinity of the motor.
Outgassing from the payload compartment can be prevented by the use of '"O"
ring seals at all joints.

PERFORMANCE

A rocket is a jet propelled device which is self inclusive, that is it carries
along its own oxidizer and fuel. The propulsion system of a liquid propellant
rocket in its simplest form consists of the two propellants, a combustion cham-
ber, and a means of forcing the propellants into the chamber at the desired rates.
Standard and well known propellants are used in sounding rockets. The oxidizer
is usually some form of nitric acid. Fuels vary, in Aerobee the fuel is a mixture
of aniline and furfuryl alcohol, in Veronique it is turpentine with a starting slug
of furfuryl alcohol. Thus in both systems the propellants are hypergolic (i.e.,
ignite spontaneously when mixed). Pressurization systems to feed propellants
into the combustion chamber vary from the storage tank of helium at high pres-
sure which is fed to the propellant tanks through a regulator valve to systems
which are chemically produced from propellant mixtures in a small combustion
chamber. Solid propellant rocket motors contain mixtures of fuel and oxidizer
particles which are pre-loaded into the motor case. The standard designation
used for solid propellant motors is of the form 25 KS 20,000, in which the first
number (here 25) is the number of seconds of burning time, the first letter (here
K) indicates the type of propellant, the S that it is solid propellant, and the last
number is the approximate thrust level. All rockets use the de Laval nozzle to
generate the jet.

One important area in the design of a rocket system for good altitude per-
formance out of the system is the mass ratio, defined as the ratio of the total
loaded mass, i.e., thé mass at ignition, to the mass at burnout. Obviously the
more propellant that can be flown in the least amount of mechanical hardware,
the greater will be the performance. Advantage can be gained by multi-staging
several motors into a vehicle system. Thus one rocket motor fires and carries
other stages to some altitude and velocity. When its propellant is consumed, the
metal case, fins, etc. are dropped away, thus improving the mass ratio of the
remaining stages of the system. The second stage burns, is dropped, and so on.
Such a system, operating in a vacuum, would be most efficient if the several
stages fired one immediately after the other with no delay between stages. This
is obvious since maximum velocity would be obtained only if there were no de-
crease in velocity between stages. Of course in the actual case, atmospheric
drag must be encountered and there is a trade off between drag and coast time.
For any given vehicle system the optimum trajectory must be determined by
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theoretical calculation. Computer programs are available to meet almost any
sounding rocket needs. However, a reasonably accurate altitude vs. time history
can be obtained by hand calculation.

For a rocket moving in the earth's gravitational field, the basic differential
equation of motion is

where m

o W <

]

F-D-mg (1)

mass in slugs

acceleration in feet per second squared
Thrust in pounds

Drag in pounds

acceleration of gravity in feet per second squared at any instant of
time at an associated altitude. Altitude at burnout is the double
integral, over the burning time, of this equation.

The thrust of a rocket can be computed by use of the formula:

where

v v 0O > U T

A

e

P_A C.+ (P, -P)A 2)

thrust in pounds,

chamber pressure in pounds per square inch (absolute),
nozzle ihroat area in square inches,

thrust coefficient (dimensionless),

pressure of jet at nozzle exit in pounds per square inch,

pressure of the atmosphere at the nozzle exit in pounds per square
inch, and

nozzle exit area in square inches

When the rocket is calibrated at rest at sea level,

P, =P, =P, 3)




where P is the atmospheric pressure at sea level in pounds per square inch.
Equation (2) then reduces to

F sea level =P A C, (4)

When the rocket is in motion, a first approximation is
Fstatic =P A G + (P, -P,) A, (5)

where P_ is the ambient pressure at the altitude in question in pounds per square
inch. A more exact expression for the actual thrust acting on the rocket is

Fstatic =P ACy + (P, -P,) A, (6)

where P, is the base pressure at the nozzle exit at the altitude in question in
pounds per square inch.

Gz can be gotten from equation (4). All other elements of this equation can
be obtained from static tests.

Drag is the force on the rocket due to the presence of the atmosphere and
it acts in the direction opposite to the direction of motion. The magnitude of the
drag is expressed by

D=2pVPAG, ()
where
D = drag in pounds
o = atmospheric density in slugs per cubic foot

v = velocity along the flight path in feet per second

A = maximum cross sectional area of the rocket is square feet, and

G

C, is best obtained from measurement of a model in a wind tunnel. In
actual practice this formula provides drag for the so-called clean rocket, i.e.,
no external protuberances such as antennas, shrouds, etc. Such items can in-

crease the amount of the drag considerably.

drag coefficient (dimensionless)
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g is the acceleration of gravity and is considered to be directed toward the
center of the earth. In trajectory calculations, g at any altitude may be approxi-

mated by
R 2
= 2 8
g =g, (Ro " h> (8)

where

acceleration of gravity at earth's sufrace

X
°
il

radius of earth

altitude above surface

Step integration should be employed in the solution of equation (1) and it should
be continued to a point on the trajectory where drag has become negligible. From
here peak altitude and peak time may be obtained from

v (R +h)?
h =h, + 1 (R +hy) (9)
P 1 2 2
2 goRo _vl (Ro +h1)

and

) 172
(R,+h,) (R +h)) (h -h)\V? [(R_ +h )3 h -h, \'"
t :tl + + tan~1 (10)

P
2 goRo2 2g°R3

where

hp and t P peak altitude and time respectively

altitude, veiocity, and time at which step integration
is stopped.

hl, vy and t,

g, = acceleration of gravity at sea level

R = radius of the earth
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The above are obtained by integrating the expression for g given in equation (8)
thus vertical flight from a non rotating earth is assumed. This assumption holds
reasonably well down to launch elevation angles of 5° from the vertical. If one
is concerned for extreme accuracy, it is virtually imperative that a computer
program be utilized.

A rocket is statically stable when the center of pressure is aft of the center
of gravity. For practical purposes in any particular case a minimum of at least
one caliber of separation (or static margin) is considered necessary on a sound-
ing rocket. A few rocket motors are of such a configuration as to make achieve-
ment of one caliber minimum impossible. On these, the rocket must be spun
fast enough to obtain stability gyroscopically.

The center of gravity moves as propellant burns, the manner being depend-
ent on the type and geometry of the propellant. It can and should be measured
before flight. With this and a knowledge of propellant burning characteristics,
the center of gravity history during burning can be obtained theoretically. Center
of pressure can be determined from wind tunnel measurement and approximated
theoretically for the specific aerodynamic configuration. It starts to move for-
ward when the vehicles velocity becomes supersonic and continues forward with
increasing mach number.

Other considerations make it desirable to spin all sounding rockets if such
action will not jeopardize the success of the experiment. Spinning will reduce
dispersion caused by thrust malalignment. It also makes for better vehicle atti-
tude during the time the experiment is collecting data. Knowledge of the vehicle's
natural frequency in pitch as a function of time is imperative in the choice of
spin rate. If the spin rate couples with the pitching frequency it will be driven
with the pitching frequency and excessive, perhaps catastrophic, yaw will resuit.
If crossover points cannot be avoided, it is best that they occur as quickly as
possible and at altitudes where the restoring moment is high. Several different
methods of inducing spin are available, perhaps the most satisfactory being the
canted fin technique in which spin up is proportional to velocity increase. Another
method uses small rocket motors which fire for a short duration to rapidly in-
crease (or decrease) the spin of the rocket vehicle.

FIRING RANGE

It was mentioned earlier that one of the reasons a sounding rocket is uniquely
useful is that the logistics of firing it are simple and that ground support equip-
ment and facilities required are at a minimum. A "minimum' permanent facility
must include a launcher, blockhouse, area for assembling the rockets, telemetry
receiving station, and radar tracking facility.
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Different types of rockets do require different types of launchers. However,
many of the sounding rockets in use around the world today can be fired from a
Nike rail (See Figure 9) and most can be fired from zero length launchers. What-
ever the launcher type, it is important that the capability to change azimuth and
elevation angles remotely be present.

Good ground safety practices must be established and rigidly adhered to in
the care and handling of the solid rocket motors and the liquid propeliants. In
order to prevent accidental ignition, all solid propellant motors should be grounded
when in storage and when personnel are working around them and igniter wires
should be shorted. Only safety tools should be used when working on or around
a loaded motor, by this we mean non sparking metal tools, non-electrical power
tools and drills. All lighting and switches should be of an explosion proof type.
Pyrotechnics and igniters should be checked and tested only with test equipment
especially designed for this purpose. All vehicles used in the vicinity of the

Figure 9—Nike Apache on Modified Nike Launcher
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pyrotechnics and motors should be equipped with spark and flame arresters.
Finally, there should be a minimum number of people in the vicinity of rocket
motors and pyrotechnics at any time and open flames, matches, and smoking
must be forbidden. Protective clothing should be worn when working with liquid
propellants. The hazards, precautionary measures, and emergency procedures
of each type of propellant used should be clearly understood and prepared for.

In Europe there are active sounding rocket firing ranges at Sardinia, Italy;
Andoya, Norway; and Stockholm, Sweden. As mentioned earlier, French firings
are conducted from Hamaguir in French North Africa and British firings from
Woomera, Australia. There is a site at Karachi, Pakistan and a new international
range has come into being recently at Thumba, India. Japanese sounding rockets
are fired from Akita. The Churchill Research Range is in Manitoba, Canada.
Sounding rockets in the United States are fired from a number of facilities:
Wallops Island, Virginia; White Sands Missile Range, New Mexico; Eglin Air
Force Base, Florida; Pacific Missile Range, California; and there is an Atlantic
Missile Range site on Ascension Island.

IMPACT PREDICTIONS

Every firing range has the problem of assuring that the rocket will not land
where it can do damage to people or property. Since the sounding rocket has no
guidance system, extreme care must be taken that the rocket is aimed properly
at launch to fly in the desired path. During the time that the rocket is under
powered flight, the force of the wind on the rockets fins will cause the rocket to
weathercock into the direction of the wind. The velocity vector of the rocket and
the velocity vector of the wind are the major contributing factors. If the rocket
were infinitely stable, it would instantaneously turn into the resultant vector and
conversely if the rocket were neutrally stable there would be no effect of the
wind. Since in practice the rocket does have a finite amount of stability, it res-
ponds somewhat less than the resultant vector. During unpowered, or coasting,
flight, the rocket moves with the wind. The effect is usually quite small com-
pared to that experienced while the rocket is under power.

Thus an accurate knowledge of the winds aloft at firing time is necessary
so that the launcher may be pointed in a direction that will counter balance the
effect the wind will have on the rockets flight and permit the rocket to follow
the desired path. The first one or two thousand feet will be the most critical
because the rocket's velocity is still relatively low but winds up to about 100,000
feet can affect the flight. It is standard practice at most ranges to begin taking
wind measurements some four hours ahead of the desired launch time. Since
upper winds are known to remain relatively constant over short periods of time,
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it is necessary to make only a couple of soundings above 10,000 feet but it is
wise to make frequent checks to about 2,000 feet. If results of these checks are
highly variable it will not be likely that a satisfactory impact prediction can be
found. Usually measurements of the upper winds are made by rawinsonde or by
radar balloon. Lower winds are determined by theodolite tracking of pilot bal-
loons (pibals). No given pibal can be depended on to rise at the nominal rate,
so it is best to use a double theodolite tracking system.

Since the amount the wind will displace the rocket is a function of the rocket's
velocity, it is necessary to weight the actual winds, thus giving more importance
to the first few thousand feet of altitude. In fact, if there were a constant wind
from the ground up to the altitude where winds become negligible, on many ve-
hicle systems 75% of the effect would have occurred by thetime the rocket reached
2,000 feet. The result of this weighting, performed on the actual winds near firing
time, gives the ''ballistic wind." Each unit of ballistic wind will displace the
rockets point of impact a given number of miles into the direction of the result-
ant wind. Similarly each unit of tilt in the launcher elevation will displace the
point of impact a given number of miles in the launcher azimuth direction. As-
suming that the desired impact location and the amount and direction of displace-
ment due to winds are known, the required launcher azimuth and elevation angles
can be determined by vector addition.

The theoretical work necessary to determine weighting factors, wind and
tilt effects for any rocket system is considerably more complicated than is indi-
cated above. The weighting factor does not vary much with payload weight and
need be done only once for any particular system but wind and tilt effects are
different for different payload weights (i.e., different maximum velocities). In
fact there is an interaction between these two factors and there is a difference
in the wind effect depending on whether there is a cross or range wind.

CONCLUSION

Sounding rockets provide an effective and economic means for the scientific
investigation of space. There are many areas of usefulness with the unique attri-
bute being that they collect data over a vertical cross section of the atmosphere.
Many countries have programs or research using sounding rockets and others
are planning such programs.
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APPENDIX A
Aerobee
by

Jon R. Busse

VEHICLE DESIGN AND DESCRIPTION

Aerobee is the name given to a family of sounding rockets. Those used most
extensively foday are the Aerobee 150, 3 fin Aerobee 150A, 4 fin Aerobee 300,
and Aerobee 300A. These rockets are described here with the Aerobee 150A
being taken as the prime vehicle.

AEROBEE 150A

The Aerobee 150A (Figure 1 a,b, c) is a four-fin sounding rocket approxi-
mately 30 feet long and 15 inches in diameter, manufactured by Space-General
Corporation and first flown in February, 1960. The rocket is capable of trans-
porting payloads (100-300 lbs.) to high altitudes (100-150 statute miles) with a
stable, near vertical trajectory. The rocket is a free-flight, fin stabilized, tower
launched, vehicle consisting of a liquid propellant sustainer and a solid propel-
lant booster. The rocket is rolled to decrease dispersion.

The sustainer portion of the rocket (Figure 2) basically consists of a nose
cone and extensions, which house the payload; a forward skirt, which houses the
pressurization system; integral pressurization and propellant tanks, which form
the main rocket body; and an aft structure, which supports the fins and houses
the thrust chamber. Four shrouds are mounted between the forward skirt and
aft structure for propellant tank pressurization lines, instrumentation lines, and
antenna cabling. Equidistant between the shrouds, fore and aft, are two sets of
riding lugs which support the rocket between the rails in the launch tower.

The nose cone is an aluminum compartment, formed by spinning, circular
in cross section, with a 31 caliber ogive, cylinder profile. The assembly is
87.8 inches in length, has a volume of 4.75 cu. ft., and is attached to the rocket,
or payload extension, by means of 16 screws and is sealed by an O-ring immedi-
ately forward of the screws.
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A two piece, cone~cylinder nose cone is used optionally on the Aerobee.
The forward piece is a cone 42.7 inches long with a 34° vertex angle, and the
aft piece is a 44 inch cylinder, 15 inches in diameter, made of aluminum.

The payload extensions come in lengths from 6 to 45 inches and are essen-
tially rolled and welded magnesium cylinders 0.063 inch thick. It is attached
and sealed in the same manner as the nose cone.

The space within the forward skirt (Figure 3) contains the pressure regula-
tor valve, overboard bleed port, external instrumentation pullaway plugs, and
internal instrumentation plugs which provide access to the shrouds. The forward
skirt is a magnesium cylinder, riveted to the forward end of the tank assembly,
and includes an access door. The forward end of the skirt contains tapped holes
for attachment of the nose cone or extension by means of 16 screws, and 4 stud
bolts for attachment of the payload assembly.

The tank assembly is a cylinder 161.5 inches long and 15 inches outside diam-
eter. The assembly consists of three, welded tanks for helium, fuel, and oxidizer,
arranged fore to aft. The tank walls form the external skin or the rocket and the
aft helium bulkhead and forward fuel bulkhead are common; likewise the aft fuel
bulkhead is common to the forward oxidizer bulkhead. The assembly is fabri-
cated from 410 stainless steel, heat treated to a minimum tensile strength of
142,000 psi. The helium tank contains 3,450 psia of gas initially. The gas feed
lines come out through the forward skirt, go down the shrouds and terminate in
the ullage portion of the propellant tanks. The fuel feed line extends from the
center of the aft fuel bulkhead through the oxidizer tank and out the oxidizer tank
head. Baffles are provided at the outlet of each tank to stabilize the propellant
flow into the feed lines.

The aft structure contains the thrust support structure, the modified Nike
propellant start valve, the fuel and oxidizer shutoff valve, propellant flex lines,
and the regeneratively cooled thrust chamber (Figure 4). The shutoff valves are
poppet-type, normally open, squib actuated valves.

The shutoff valves may be closed by ground command, in the event of an
emergency or erratic rocket performance, to terminate thrust. The valves are
frequently closed after rocket burnout to conserve the helium for attitude control
or despin functions or to prevent contamination of the experiment by the exhaust-
ing gas. The positions of the valves are monitored through microswitches. The
thrust chamber is a welded assembly consisting of four major areas: the fuel
coolant jacket, the fuel and oxidizer manifolds, the injector, and the combustion
chamber and DeLaval nozzle. The aft skirt is a 31 inch length, rolled and welded,
magnesium cylinder, attached to the tank assembly with 16 screws.
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The fins (Figure 5) are a modified single wedge fin with magnesium skin and
spars, an aluminum box structure attachment base, and a stainless steel (.010
inch thick) leading edge cuff. The total fin area is 14.88 sq. ft. Each fin weighs
7 pounds, and is attached to the aft skirt by means of two, half-inch bolts. The
fins can be canted up to 20' of arc to induce rolling motion to the rocket. The
propellants used in the 150A are: a fuel (ANFA) comprised of a mixture of 65
percent aniline and 35 percent furfuryl alcohol, by weight, and an oxidizer of in-
hibited red fuming nitric acid (IRFNA).

The fuel and oxidizer are hypergolic, i.e., they react violently and ignite
immediately when they come in contact.

IRFNA is a corrosive, toxic, non-flammable liquid mixture of nitric acid
(HNO,), water, and dissolved nitrogen dioxide (NO,). The liquid is colored from
light orange to orange. A small percentage of hydrofluoric acid (HF) is added
to inhibit corrosion in the oxidizer tank.

The significant characteristics of IRFNA are:

(1) Water less than 2%
(2) NO, 6-8%
(3) HF, 0.6%
(4) HNO, Residual
(5) Odor Acrid
(6) Hygroscopic Yes
(7) Specific Gravity 1.54 (68°F)
(8) Freezing Point -49°F
(9) Normal Boiling Point +152°F
(10) Approximate Maximum 150 psia

Decomposition Pressure at
80°F and 10% Ullage

Aniline (C,H,NH,) is a flammable, non-corrosive, toxic, oily liquid which
varies in color from colorless to brown. It has an amine odor, is low in volatility,
and is hypergolic with nitric acid.
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The significant characteristics of aniline are:

@)
@)
@)
4)
(5)
(6)

Odor

Boiling Point

Freezing Point

Flash Point (Closed Cup)
Ignition Temperature

Specific Gravity

Amine
364°F

22°F

168°F
1418°F
1.002 (68°F)

Furfuryl alcohol (C, H,OCH, OH) is a flammable, non-corrosive, non-toxic
liquid which varies in color from straw yellow to dark amber. It has a brine-
like odor and is hypergolic with nitric acid. The significant characteristics of
furfuryl alcohol are:

1)
(2)
&)
4)

Specific Gravity
Hygroscopic
Boiling Point
Flash Point

1.136 (68°F)
Slightly
332.6°F-343.4°F
167°F

The hooster is a 2.5 KS-18,000 motor (Figure 6) of short-duration and high
thrust. The motor, which is occasionally used in sled testing, was designed
during 1946 to 1948 and reflects state-of-the-art techniques of that period. Over
850 of these motors have been fired since 1947.

The thrust structure consists of three legs and a thrust ring which transmits
the booster thrust to the aft structure of the sustainer. The thrust structure is
of cast and weld construction and is attached to the booster by 12 screws. It
mates with the aft skirt by a shoulder-keyed joint. A flight cone is attached above
the igniter firing cap and diverts the liquid rocket flame away from the booster.

The chamber barrel is rolled and welded from 0.190-in. thick AISI-4130
sheet stock. An aft ring and forward closure are welded to the barrel section.

The forward closure contains a boss for installing an adjusting adapter and igniter
assembly. The external surface on the forward closure is machined for attaching
a thrust skirt assembly. The aft ring is drilled and tapped for attaching the nozzle
assembly. Centering clips are spot welded to the inside of the barrel section for
centering the charge assembly. Fin attachment pods and guide lugs are welded to
the outside of the chamber. The chamber, heat treated to 150,000 psia minimum
ultimate tensile strength, is hydrostatically tested to 2400 psig after fabrication.
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The nozzle assembly is primarily composed of an AISI-4130 steel closure
and exit cone. The forward ring of the closure is drilled for attaching the assem-
bly to the chamber; the aft end of the closure is threaded for attaching the exit
cone. The closure is heat treated to 150,000 minimum ultimate tensile strength
and is hydrostatically tested to 2400 psig. A 0.50-in. thick plastic closure is
cemented to the entrance section of the nozzle closure to maintain adequate pres-
sure for aiding propellant ignition. The plastic closure bursts between 800 and
1200 psig. The entire nozzle assembly is attached to the chamber with 24 1/2-
in.~dia. bolts.

The booster fins are similar to the 150A fins in shape and construction.
Each fin is attached to three pads on the booster chamber by means of bolts.
The holes are so machined to provide a pre-set fin cant of 2-1/2°. The fin cant
is not adjustable.

The charge assembly is composed of two internal-external burning grains,
a center trap assembly, forward and aft traps, an adjusting adapter, and igniter
guide post with lead wires. The grain assemblies consist of two 130-1b. cylin-
drical AK-14-Mod I propellant grains. Both ends of each grain are inhibited with
glass laminates. An asbestos sheeting is cemented to the glass laminates to
preclude radiant ignition, and discs are cemented to the asbestos sheeting to
allow for compression during assembly. The grain assemblies are torqued to
the center trap assembly, using the forward and aft traps as compression plates.
The total impulse delivered by the 2 grains is between 44,375 to 50,000 1b. sec.

The igniter is designed to produce sufficient pressure and heat to ignite the
propellant grain. The main charge, consisting of 180 gm of sodium nitrate black
powder is contained in a circular frangible plastic container. Two squibs, filled
with potassium nitrate black powder ignite the main charge. A 5-amp current is
used for reliable ignition.

The sequence of firing an Aerobee 150A is accomplished remotely as follows
(Figure 7 a,b):

(1) The helium overboard dump is closed by actuation of a squib operated
mechanism.

(2) After a 200 millisecond delay, the booster igniter is fired.

(3) As the rocket moves vertically, the regulator is actuated by pulling a
trip wire.
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(4) This action opens the pressure regulator valve and feeds helium into
the propellant tanks (the regulator reduces the gas from 3450 psia to approxi-
mately 500 psia).

(5) At 160 psig the oxidizer diaphragm in the propellant start valve breaks
(Figure 8).

(6) At 325 psig the fuel diaphragm breaks. (The rate of tank pressurization
is controlled, by orifices downstream of the regulator. The fuel tank is pres-
surized at a rate faster than the oxidizer tank to prevent implosion of the com-
mon bulkhead.

(7) The Nike valve cam holds the pintles in a position to meter the flow of
the propellants in the combustion chamber.

(8) When the chamber pressure reaches 100 psig, the propellant start valve
actuator releases the cam and pintles and the propellants are in a full flow condi-

tion (this is approximately 0.6 second after first booster motion).

(9) At approximately 2.5 seconds the booster burns out and separates from
the sustainer.

A resume of nominal performance characteristics of the Aerobee 150A is
as follows:

a. Liquid-Propulsion System:

Pressurizing Gas Helium-Grade A
Oxidizer to Fuel Ratio 2.56 to 1

Thrust Chamber Pressure 324.0 psia

Sea Level Thrust 4100 pounds

Powered Duration 50.9 sec.

Propellant Flow Rate 20.71 pounds per sec.
Nozzle Expansion Ratio 4.6

Specific Impulse 198 1b./1b./sec.

Total Impulse at Sea Level 208,690 lb.-sec.
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b. Solid-Propulsion System:

Sea Level Thrust 18,600 pounds
Powered Duration 2.5 sec.
Chamber Pressure 1340 psia avg.
Area Throat 8.50 in.?
Expansion Ratio 7.9

Weight Flow Rate 104 #/sec.?
Surface-to-Port Ratio 74

ISP 178 sec.
Flame Temperature 2960°F

c. Rocket Performance Characteristics. Performance characteristics are
obtained using an ogive nose cone. The cone-cylinder results in loss of
4% altitude. (Launched at Sea Level):

Peak Altitude 179 statute miles with 100
pound payload

101.7 statute miles with 300
pound payload

Burnout Velocity 7,094 ft./sec. with 100# payload
5,260 ft./sec. with 300# payload
Burnout Altitude 138,584 ft. with 100# payload
111,688 ft. with 300# payload
Burnout Acceleration 349.44 ft./sec.? with 100# payload
218.24 ft./sec.? with 300# payload

d. Dispersion Factors (150-1b. Payload):

Tower Tilt Factor 94.0 statute miles for 4°
tower tilt

Ballistic Factor 5.2 miles/mph ballistic
wind
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e. Weights (In Pounds):

Payload 100 to 300
Vehicle Gross Weight 2097.5
(with payload)

Rocket (loaded) 1347.5
Rocket (empty) 279.1
Booster (loaded) 600.0
Booster (expended) 338.0
Fins (4) 28.0

f. Volumes (In Cubic Feet):

Pressure Tank 2.57
Fuel Tank 4.46
Oxidizer Tank 7.88
Ullage Space 0.14

g. Propellant Weights (In Pounds):

Oxidizer 758.2
Fuel 303.3
Helium 5.15

The 150A is launched from NASA Wallops Station, Wallops Island, Virginia
only, because Wallops has the only tower that can accommodate a four-finned
vehicle.

The launch tower and preparation facilities are shown in Figure 8. The

launcher is 160 feet in height and can be adjusted in elevation, and in azimuth.
The coordinates of Wallops Island are 37° 50' North 75° 29' West.

AEROBEE 300A

The Aerobee 300A is an Aerobee 150A with a third stage motor added. All
150A volumes, weights, and characteristics, except those pertaining to the payload,
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are applicable to the 300A; so discussion here will be limited to the third stage
and its effects on increasing rocket performance.

The third stage (Figure 9) is composed of a 1.8 KS-7800 solid propellant
motor, a high expansion ratio nozzle, a separation subsystem, and the nose cone,
which has a maximum diameter of 8 inches, limited by the diameter of the solid
motor.

The 1.8 KS-7800 motor (nominal 1.8 seconds burning time with 7800 lbs.
thrust) is the same motor as the one used with the Sparrow weapon system.

The 1.8 KS-7800 motor has the following nominal propulsion system ratings:

Duration 2.15 sec.
Propellant flow rate 32.09 1b./sec.
Chamber pressure 1000 psia
Throat area 4.43 in.2
Area ratio 30

Diameter 8 inches

Vacuum Performance,

Thrust coefficient 1.73

Thrust 7664 1b.

Total impulse 16,478 1b. sec.
Specific impulse 238.8 1b./1b./sec.

The high expansion ratio nozzle is used because the motor operates only at
high altitudes; thus optimum expansion is closely approached.

Aerodynamic stability, during third stage burning, is provided by the 14.5
degree half-angle conical transition section, which houses the 1.8 KS-7800 nozzle.

The third stage ignition signal is given upon thrust termination of the 150A
sustainer. The sustainer and third stage are attached by a blowout diaphragm
(Figure 10). The diaphragm engages mating threads on the sustainer and third
stage. When the third stage ignites, the energy of the motor exhaust causes the
diaphragm to deflect, releasing its thread engagement and allowing the third
stage to "fly-away" from the sustainer.
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Payload volume is nominally 0.9 cu. ft., and the following total rocket sys-
tem performance characteristics are expected with a 60# payload:

Peak Altitude 265 statute miles
Peak Time 350 sec.

Burnout Velocity 8770 fps

Burnout Altitude 144,000 ft.

Because of the requirement for a four-rail tower, the 300A, like the 1504,
is launched only from Wallops Island.

As a footnote, an Aerobee 300 can be made by putting the 1, 8 KS-7800 motor
on a 150, NASA has done this in the past for launches from the Churchill Re-
search Range, Manitoba, Canada. None have been launched from WSMR because
of range boundary limitations.

AEROBEE 150

The Aerobee 150 (Figure 11 a,b) is similar in many ways to the 150A. The
main performance difference results from launching the 150 (the greatest portion
of them) from a higher elevation (approximately 4000 feet) than the 150A.

The physical differences are: the booster and sustainer fins (both number
of and configuration), the number of shrouds, the number of riding lugs, the loca-
tion of the common oxidizer and fuel bulkhead, the propellant start slug, the
orientation of the pressurization system in the aft structure. The discussion of
the 150 will be limited to the performance and physical differences.

The 150 has three each sustainer and booster fins and is launched from a
three rail tower. The fins on the 150 are biconvex with dimensions as shown in
Figure 12. Eight bolts are used to attach each fin. The sustainer fins may be
canted to induce roll, and the booster fins, like the 150A booster fins, are pres-
ent at an angle of 2-1/2° to induce roll.

There are three shrouds on the 150.
The 150 sustainer used a start slug of 7 lbs. of 70% furfuryl alcohol, 30%

aniline by weight which gives a slight improvement in ignition characteristics
over the 65% aniline, 35% furfuryl alcohol by weight.
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On the 150, the oxidizer is located forward of the fuel (Figure 13). This
propellant positioning requires a change in regulated feed pressures; as the sys-
tem hydraulic pressure drops and in flight acceleration heads are different from
the 150A.

The fact that the 150 has only three shrouds and is launched from a three-
rail tower necessitates a rearrangement of the pressurization system in the
forward skirt (Figure 14). The components of the pressurization system are
the same. There are several fewer instrumentation plugs on the 150 than the
150A. (These are noted on Figure 14).

The use of hard lines, flare fittings, and the arrangement of the hardware
are different from the 150A (Figure 15).

The use of low pressure burst diaphragms (50 +10 psi) provides the initial
throttling capability afforded by the Nike valve in the 150A.

There are no differences in the booster case or grain arrangement.

Typical performance characteristics for the 150 at sea level with a 150 #
payload are as follows:

Peak Altitude 165 statute miles
Burnout Altitude 134,000 ft.
Burnout Velocity 6778 fps

Thrust at Sea Level 4100#

Duration of Thrust 50.9 sec.

Aerobee 150 rockets are launched from White Sands Missile Range (WSMR),
New Mexico (Figure 11 a) and Churchill Research Range, Manitoba, Canada (Fig-
ure 16).

The 150's at White Sands are launched from the Naval Ordnance Missile
Test Facility with range services provided by the U.S. Army. The range is
located approximately 40 miles north of El Paso, Texas. Coordinates of the
WSMR facility are 32° 24' North and 106° 32' West.

The Churchill launch facility is located on the shore of the Hudson's Bay;
58° 44' North, 93° 49' West.
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FLIGHT PERFORMANCE

Detailed information concerning flight performance will be given for the
150A only. These data are representative of those used on all Aerobee flig ts
and thus eliminate much duplication and presentation of similar information.

AERODYNAMICS

The aerodynamic parameters used to predict the in-flight rocket perform-
ance were generated from data gathered in wind tunnel tests. The tests were
performed in the Jet Propulsion Laboratory supersonic and hypersonic wind
tunnels using a 1/10 scale rocket model.

Figures 1 through 6 represent drag, normal force, center of pressure,
natural pitching frequency, dynamic pressure, roll rate and lift characteristics
of the Aerobee 150A. The curves assume a total rocket length of 288.9 inches,
a diameter of 15 inches, an ogival nose cone, and a 150 1b. payload unless other-
wise noted on the curves.

Figure 7 presents envelops of required stability for the 150A. The curves
assume an ogive nose cone and a go indication of rocket static margin if the
point is located to the right of the curve. The gross payload weight is the net
payload weight plus the nose cone weight (15.5 1b.).

LIQUID PROPULSION SYSTEM

Figures 8 through 11 represent the computed performance characteristics
of the liquid sustainer engine. The data were derived from a propellant utiliza-
tion computer program, developed by the rocket manufacturer, and have been
substantiated by static and flight firings. Figure 12 represents a chamber
pressure trace obtained from a 150A flight by using a potentiometer type pres-
sure gage operating through a telemetry link.

ALTITUDE, RANGE CAPABILITIES

Figure 13 is representative of the input information used to compute figures

14 through 17 to obtain altitude, range, velocity, and acceleration parameters of
the Aerobee 150A.

34




The input data are used in a computer program which assumes a 2-D point
mass rocket and a spherical, non-rotating earth.

Figure 18 represents an acceleration trace from a 150A flight with a 262.7
1b. payload. The data were obtained via telemetry using a potentiometer type
accelerometer.

LOADS DATA

Figure 19 through 22 show the results of load, shear, and bending moment
calculations for the Aerobee with a cone-cylinder nose cone. The curves repre-
sent loads, shears, and bending moments for 1 degree angle-of-attack. The
curves increase linearly with angle of attack to conservatively 5 or 6 degrees.

The curves were computed for the time at which there is a maximum load
on the rocket.

MISCELLANEOUS

Figures 23 through 26 contain vehicle moment of inertia, center of gravity
position versus time, weight versus time and weight breakdown data. These
curves were generated using previously stated weights, flow rates, and dimensions.

Figures 27 and 28 are theoretical predictions of temperature time profiles
6 and 12 inches aft of the fin's leading edge. The inconel-X (curve 26) is a cuff
that fits over the magnesium skin.

Curve 29 shows the amount of roll rate (rps) that can be obtained from 1
minute of fin cant (average for the four fins) for a burnout velocity (the burnout
velocity being determined by the payload weight). The roll rate fin cant relation-
ship is linear; so that the fin cant required to give a desired roll rate may be
obtained by dividing the desired roll rate by the roll rate per minute of fin cant.
The rocket is rolled to decrease the dispersion effects of thrust and structural
misalignments. :
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Engine

( All Dimensions Indicated in Inches )

Figure 1A—Major Components & Dimensions of Aerobee 150A
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Figure 3—Aerobee 150A Forward Skirt
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