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The following pages will consider all phases of
rockets of this type and in some cases go into theories
used in other sciences when necessary in order to give
a complete and accurate picture of the problems which
you will meet.

The reader should bear in mind at all times that
the building and flying of rockets of any kind is a
Dangerous business and should not at any time be
considered a toy or a plaything. In the experience of
the writer and his association with both the Reaction
Ressarch Soclety and the Pacific Rocket Society there
have never been any accidents where persons were
injured, due primarily to one fact, and that is because
of strict supervision by those who have much more
experlence in this field and are wise in the ways of
rockets and the dangers which are involved.

If you need further advice or assistance it is
suggested that you contact one of the societies or
groups of rocket enthuasists which appears in the back
of this book.

If there are no people in your area, the writer
will be more than glad to assist you. it you send a

self addressed stamped envelope to B. J. Humphreys Jr.,
P.O. Box 45391, Airport Station, Los Angeles 45, Calif.

John Parker with singl. stage rocket;'
on & "PF® rail lsuncher Septs 20, 1953




The primary experience of the writer has been
ten years association both with the Reaction Research
Society Inc. and the Pacific Rocket Society Inc. both
recognized active rocket societies in Southern
California and they are known internationally for
their study of rocketry.

Presently the writer is & member of the R.R.S.
as a member of the executive council and testing
director for them as well as techinal consultant to
and active member of the P.R.S.

Please bear in mind when reading this text that
the experience of both the R.R.S. and the P.R.S.
are considered herein and their experiences are the
source of information for this collection of facts.

B.J.H.

POLICY TO BE FOLLOWED AT PUBLIC LAUNCHINGS

The Executive Council of the Reaction Research Society has adopted
the following policy to be followed at public launchings.

The following regulations will appear rather strict, however,
they are for the protection and safety of the public as well as the
participants in the firing, It is with this objective that the follow-
ing policy will be strictly enforced. ‘

1. No rockét will be fired unless everyone is behind shelter.

2. Only the recovery crew will be allowed in the impact area between
firings to find and flag the rocket.

3. The public will be allowed to go into the impact area to observe
and photograph the downed rockets only at specified times.

4, The public will not be allowed in the fenced area except at the
discrotion of thoso rosponsibleo for tho fiving.

5. No alecoholic beverages will be allowed inside the test area.

6, No firearms will be allowed inside the test area.

* PRS Reaction Research Society Inc.
*  PRS Pacific Rocket Society Inc.




IHE EISTORY OF MICROGRAIN ROCKETS

Micrograin's development should be credited to
John Cipperley and George James. In 19%3 they began.
to experiment with various propellants which included
black powder.

The Micrograin as we know it today was developed
from a 8ombination of Potassium Nitrate (KNO3) Sugar
(“12820111), Zine dust (Zn) and Sulphur (S). It was
found that Potassium Nitrate and Sugar would ignite
and purn without the addition &f the other chemicals.

The decision was then made to investigate the
. combination of Zinc and Sulphur when it was ignited.
This led to the discovery that the mixture of these
two chemicals burned much more rapidly than any other
previous combination &nd as a result it was used in
the early rockets as it is today in various proportions.

At one time the Micrograin rocket was not considered
a rocket as it contained no Oxygen. This was an in-
correct conclusion as we know it today.

The first Micrograin rockets were made of cast
aluminum and soldered tin plate and for some strange
Teason the use of steel tube was not considered at
first, but because of the higher melting point of tube
made of steel and experience has taught us that this
is best as long as the steel is seamless.

In the early part of 1946, the members of the
Society decided that large semi-restricted rockets
would be difficult to use as test vehicles due to
the fact that the type of propellants necessary were
very dangerous (Black Powder) and the Micrograin
rocket was turned to in hopes that it would be suitable
for the purpose.

The year 19%6 saw the Micrograin rocket change
from a curiosity to a useful research tool which the
R.R.S. could use to carry on the study of rockets. At
this time the largest Micrograin rocket was the Miler
rocket which was 23" in diameter and 15¢ dn length,
contained 26 pounds of propellant, weighed a total of

pounds; 10 pounds of this was payload.

On March 23, 1947, the Miler #1 was fired with a
dummy payload to an altitude of 3500 feet. As a result
;f this, the Miler was used in the R.R.S. mail flight




At the Public firing held September 20, 1953, a
two step rocket built by Carroll Evans and Bob Devoe
was launched. The booster (first stage) which was
67 inches long by 24 inches in diameter, the fuel was
13.2 pounds of Micrograin which burned for .62 seconds
and the second step which was 73.5 inches in length
by 2% inches in diameter containing 11.0 pounds of
Micrograin .burned for .55 seconds. The altitude
reached was 3115 feet and distance traveled was 3000
feet from the launcher.

On September %, 1955, ‘a still larger Micrograin.
rocket was launched. This rocket was -3 inches in
diameter and 13% feet in length weighing close to
100 pounds. It included a 15 pound pay load which was
separated from the rocket at the peak of the trajectory.
It floated to earth by parachute and was recovered
intact. This rocket was built by a group of R.R.S.
members which included Don Waters and John Jennings of
San Fernando, California. It was fired at the Mojave
Desert Test Area, 3

Another more complicated rocket was built by Jim
Humphreys, Edward Parker and James Medsker of the
Inglewood Section of the R.R.S. It was a two stage
wlth a recoverable second stage, which contained six
parachutes, two in each fin.

This rocket was first fired on September 5, 1955,
with the result being that the rocket crashed into
the ground. After having risen only 20 feet and then
going back down to about 4 feet, it continued to fly
for about half a mile setting fire to the sage brush
as it went, at a speed close to 350 miles an hour.

The next attempt took place on March L, 1956, The
boostéer unit consisted of three five foot long, 2% inch
diameter-h13oisteel tubes arranged in a triangle. The
second stage was ten feet in length and 2% inches in
diameter, also made of 4130 steel tube.

: The instrument section was three feet in length
and five ‘and one half inches in diameter. The nose
cone was 18 inches in length and was made of fiber
glass with an aluminum pitot tube mounted on the fore
end of the nose.

The design was modified from the original by
having the fins of the second stage changed and the
motor section decreased in welght and length.




A single large parachute was used instead of six small
ones as ln the first attempt.

 The instrument section of the second stage
contained an airspeed indicator with a 16 m.m. motion
picture camera fixed to record data during f£light.
i de-acelleration switch was provided to ignite the
second stage unit. " This actuated about 500 feet from
the ground and a completé separation was made thus
enabling the second stage to reach an altitude of
3000 feet.

Due to the failure of the parachute, the instru-
ment section crashed into the ground completely
destroying it with all the instruments. This was the
first effort to record the behaviour of a rocket by
the use of camera which would take pictures of the
instrumentation during flight by the R.R.S.

e

Early drawing showing safe firing procedure;
by Nick Stasinas. 1948,




THE CONSTRUCTION OF MICROGRAIN ROCKETS

When building a Micrograin Rocket, the author
bas found it most important to use the proper material,
namely Seamless Steel Tubing. Many rockets have been
built of Shelby Tubing, which is used mostly in the
aircraft industry as well as 4130 seamless steel tubing
which is called Chrome-Molybdenum. These two are the
best for the purpose. For smaller rockets "Thinwall
electrical conduit" or E. M. T. which is electrical
metallic tubing. This is good for rockets up to 2" in
diameter, although this material is quite a bit heavier
than the above mentioned tubing.

The wall thickness of the tubing used should never
be less than 1/16" in wall thickness for rockets up to
2 1/2" 'in diameter for 3" diameter. 3/32" wall thickness,
4 diameter, 1/8" wall thickness, 5" diameter, 1/4" wall
thickness.

Micrograin rockets should not be made in larger
diameter than 5" above 3", they become costly, heavy, and
are able to do great damage if they hit anything and
generally require more money and heavier equipment which
will use much more material and cost more than you can
agford, besides being more dangerous than you are aware
of.

CAUTION: Do not under any circumstances use Stainless
Steel, Copper, Brass, Tin, Lead or Aluminum or any
material other than Seamless Steel or Shelby Tubing.

NOIE: By building rockets of large diameter you will
not gain an altitude much in excess to that of a good
2" diameter rocket of comparable length.

The writer, in this book is informing you of his
actual experiences in building the rockets and parts
disclosed herein. This in no way is to be considered
a guarantee that the rockets herein described will fly
or not explode as their are unknown mechanical and
chemical behaviours which can occur and cannot be
controlled precisely.




HARDWARE

In building a rocket the quality of workmanship
is as important as the material used in making it.
If either one are of inferior quality, the chance of
your rocket being a success are greatly decreased.

If you want your rocket to perform in a good manner -
and reach maximum altitude it is necessary to be
aware of the above at all times. . &

In the following pages there will be detailed
information on how to build several rockets which =
have been flown successfully. .

The nose cone can be made of wood, formed metal,
fiber glass, plaster of paris or plastic.

Make sure that bulkheads and nozzles are fastened in
securely.

Screws, nuts and washers should be made -of steel.

Have the National Fine Thread (N.F.) 6/32, 8/32,

or 10/32 machine screws. Usually these three sizes

will be suitable for all of your rocket building, and <
seldom need to be longer than 3/4% of an inch in length.

These screws can be used for fin, bulkhead and nozzle R
as well as guide clips if you use them.

' PICTURED Dilow MY Sers 0F Ine REATION MILAH J0uerys” =
LATEST DivELoPNERTS ANG PROPISED DEsresy IN_TNE IPIELD_OF RockET.
RESEARCH,

B Hax sravmes

Piring panel, (upper left) Micre Grain rocket,(top)
So0lid 1iguid engine} (bottom) 1948,




FINS

The fins for the Micrograin rocket may be made of
any avaliable metal as long as it is not thinner than
1/32 of an inch .0625 or 1/16" is recommended as it
is not to flexible but is not so ridged as to fracture
during take off. See Drawing #5

By using four fins on your rockets, you will get
a better flight pattern as this results in both
"Werticle" and "Horizontal" stability.

The fins are attached to the clips with three
6/32" round head machine screws at each clip. Be sure
to use the same screws which hold the nozzle into the
motor to fasten the rear clips to the rocket, otherwise
the fins will come off on take off.

This is a suggested method of attschment. There
are several other systems which can be used which do
not require welding. See drawing #6.

The tabs which hold the fins in place are made of
1/16" cold rolled steel strip and are brazed to the
rocket body.

As far as brazing goes, it is suggested that you
have this done by a professional welder, as he can do
a neat strong braze job with ease.

2l ————

Detail of four f£in attachment.




1.
2e
3.
4.
5o
;8
7o
8.
9.
10.
11.
12,

12

Fin bracket (1 of 6)

6/32 mt

braze holding olip to rocket
10/32 screw holding nozzle in rocket
burst disc retaining ring
burst disc retaining screws
rocket tubs

£in

nozzle throat

diverging angle of throat
burst disc, .010 soft copper
6/32 machine screw {oval head)




Pin Design

The tendancy to make fins to large is common and an
effort will be made here to meke it easier to ocaloulate
the fin size for any size rocket.

.i.t’.é& equals area in square inchesof one side
of the fin.

d Diameter of rocket in inohes. (0.D.)
k Constant of .5,
1 Length of rocket in inches,.

The above considers the rocket from the base ¢f the
nose cone to the rear of th® vocket but not the nose cone.

The fin should extend from the rocket at least the
- diemeter of the rocket plus 1/4 the tube diameter.

Diameter plus 1/4

- }e—‘—— Length comsidered —_—

See page 24, Drawing 1

Bulkheads

There are two types of bulkheads which both the R.R.S.
and the P.R.S. have used with good results, the first to be
described is the easiest to build and generaly does mnot
require the use of a lathe,

This is merely a short length of cold rolled steel rod
of suitable diameter which is cut to length, and if careful
selection is made of available bar stock it is possible to
£ind material whith will £it smmgly into the tubing which
will be the rocket motor,

This bulkhead should not be shorter than one inch in
length and be & smug f£it or drive fit so as not to allow any
of the pressurized gas to leak by and sas a result, burhing a
hole in the rocket causing an erratic flight or an explosion
as the heat and pressure ave very high.

The second and more elahorate bulkheed requires the use
of a lathe and is more diffionit to make, This is used where
| it is desired to use an instrument section or a long nose

cone. On the end of the bulkhead which goes inté the rocket
the metal should not be shorter than one inch, see table,and
| be a drive or force Pit. §
: It i8 not a good idea to make the bulkhead of aluminum
a8 this type of bulkhead has & habit of blowing out and has
ceused many rockets to explode.

See page 25, Drawing 1 & 2
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NOZZLES

Nozzle or Venturi design is of the utmost importance
in the design and building of a rocket as a poor nozzle
design will not give the desired flight performance to
your rocket.

The Reaction Research Society has used the following
method of nozzle construction: Cold rolled or mild steel
is the easiest to procure and can be machined very
readily if the lathe tools are sharp. Be sure to allow
yourself enough time to be precise.

Usually the De Laval nozzle is the best design to
follow, however, a_simplified form of this can be made.
The nozzle is a 60°: convergent angle and a 30° divergent
angle (full angle) the throat of the nozzle has a radius
equal to the radius of the inside diameter of the rocket
motors.

The throat of the nozzle should never be smaller
than 1/3 the outside diameter of the nozzle or should it
be larger than 1/2 the outside diameter of the nozzle.
The author has found that keeping the nozzle with-in
these limits, you will seldom if ever have one of them
explode due to poor nozzle design.

i Direction of gas f’/owl_—.u

s i

O E
Nozzte Inlet Area
Throat Area

Excluded /152
' \Exc/luded 30L.

Baller,
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ON THE DESIGN OF SOLID PROPELLENT
ROCKET NOZZLES

A method of converting available chemical energy
into propulsive force is needed. The nozzle meets this
need rather well for our use in rocket motors.

In principle, the nozzle accelerates mass in one
direction and the net result is an equal force in the
opposite direction. For example, a one pound weight
acceleration at one "G" or 32.2 feet per second would
provide one pound force in the direction opposite the
motion of the traveling weight. In the case of the
rocket, the weight is the mass of the combustion products
created by the burning propellent and the acceleration
is the velocity of the gas in feet per second issuing
from the exhaust or mnozzle divided by 32.2 feet per
second, which is the acceleration constant.

But suppose you wonder how such a small and
seemingly insignificant thing as a few grams of gas has
such tremendous power. Again, a pound weight is one
thing but a gas so light is another.

Remember, our example used this weight thrown at
32,2 feet per second, whereas, a gas in a rocket nozzle
is sent out at 6000 to 10,000 feet per second! The high
velocity of the gas more than makes up for its low mass.

Therefore, it can be seen that mass and velocity
are:factors of each other. To describe this, we have a
simple formulas: F = ma. Where force or thrust is equal
to the product of mass times yvelocity.

From our hypothetical examples, it is readily

-apparent that if we take advantage of the fact that low

weight molecular gas products and high exhaust velocities
are the keys to good performances, then a more efficient
rocket vehicle will be the net result.

The reasoning behind the nozzles' ability to create
thrust through velocity is that pressure is initially
created through the combination and/ or decomposition
of the propellents elements and radicals to produce heat.
This heat in turn expands the gaseous products to produce
pressure. This pressure is essentially potential energy
and potential energy in this case, can be easily trans-
formed into kinetic energy, which is energy dependent
upon motion. The Law of the Conservation of Energy,
which states:  "Energy can be transformed, but in no
process can energy be created nor destroyed."




The nozzle exit of the pressure vessel or rocket
combustion chamber allows the potential energy of the
gas to be transformed into kinetic energy by the very
action of the gas pressure escaping into motion.

How fast the gas travels through“the nozzle depends
largely upon the nozzles' shape. Not all nozzles are
suitable for application to rocket motors.

Hence, we are concerned only with a specifically
defined shape. We call this shape the De Laval nozzle
so named after its inventor. This nozzle has an
excluded angle ‘of 30 degrees in the convergent section
and an excluded angle of 15 degrees in the divergent
section.

Thus, when a converging nozzle connects two chambers
whose pressure ratio, that is, gas pressure/ stagnation
pressure, is greater than that of the critical pressure
ratio, the convergent section will produce shock free
flow for all Mach numbers to the subsonic Mach number
relevant to its corresponding area ratio. From this
number to the supersonic Mach number corresponding to
its area ratio, there will be shock waves in the diver-
gent section of the nozzle.

Ideally, the gain in thrust obtained by making the
gas flow uniform and parallel to the thrust line to
complete expansion must be balanced against the friction
involved with the greater nozzle length required. To
exactly compute these arbitrary expansion ratios the
reader is referred to a standard text on the subject.
But suffice it to say, where zinc and sulphur mixtures
are concerned, the throat to exit area underlines ratio
approximately 15:1, assuming that the combustion chamber
pressure is 600 pounds per square inch, and that the
specific heat ratio (temperature @ constant volume/
temperature @ constant pressure) is 1:31:1.

There are enumerable other variables such as combus-
vion instabilities, erosiom, etc., that cannot be compre-
hensively treated in this ¢hapter. However, the most
important facets of the design of nozzles, it is hoped
have famaliarized the reader with their respectful
problems.

Referamces; Page 15 and 18

Oollag:‘Ontlina Jeries 9%k Edition Organic Chemistry
Deger

Kents Engineers Handbook 1954

Me Graw Eill1







MATER FOR _MICR

Zinc - 300 Mesh or Finer
99% Pure if possible. Purity is most important.

Sulphur - Dusting Sulpher
99% Pure if possible.

The purity of the materials used in the Micrograin
fuel are of great importance.

These materials can be purchased in most any amount
from Chemical Supply Houses in most of the larger cities.
Dusting Sulphur can be purchased in almost any quantity
at most Garden Supply and Nurseries as it is used to
treat some plants. :

Zinc poses a different problem, although in some
cases 1t can be purchased from paint or hardware stores,
but the grain size may not be 300 mesh.

Micrograin will cost you anywhere from 30¢ a pound
to as much as $1.00 a pound; of course this varies
depending on the quantity that you buy and the price that
you are forced to pay.

in working with Micrograin (Zine & Sulphur) you
may find one or more of the following conditions will
cause one batech ®f fuel to behave in a different manner
than the other.

1. Grade and guality of the chemicals
used.

2. Relative humidity at the time of
mixing.

3. Particle size of ‘the zinc and
sulphur.

4, Whether the zinc has been allowed to
#oxadize? (It will have a white
residue which is caused by the
moisture in the air) (Zinc Carbonate).
5. How well the fuel is mixed.

6. How well it has been screened during
, ng.

7. The manner in which it is used in the
rocket, poured or capsuled.

8. Length of storage before use.




OMPOUN. MICROGRAIN PROPEL

The amounts of Zinc and Sulphur are measured out in
their proper proportions by weight or volume and poured
into a proper mixing container by either one of the
following methods.

The most accurate method is to weigh the material
in the amounts shown in the table below.

Zinc Sulphur

83% 174

8% 16%

85% 15% (Usually the
best)

86% 144

87% 13%

Due to the many variable conditions which may effect
the behaviour of Micrograin it is sometimes necessary to
vary the proportions of the Zinc and Sulphur even more
than the above ratios. However, for most of the rockets
which we have built this ratio of 85% to 15% is -
satisfactory. :

If you do not have any way to weligh this out you can
use a container which will hold an amount which is not
to large to handle easily and mix your fuel with a ratio
of one container of Zinc to one container of Sulphur by
volume only using the same size container for both.

" CAUTION: ' When using this method do not pack the material
into the container. ' Just scoop it out of its original
container and level it off with a wood strip. It is ;
advisable not to have any tools come in contact with the
chemicals,




IGNITER

Prom Right to Left

1. Paper match.
2. Paper match with holes for Nichrome wire.
3. 2" length of #28 Nichrome wire.

4, Nichrome wire strung through match: Be sure
the wire is not shorting out.

5. Leads and Nichrome twisted and soldered. Be
sure not to let the wires short out.

6. Short match to be put next to the matech with
the wire run through.

7. 1" of soda straw.
8. Igniter assembly ready to be covered by straw.

9. Completed igniter cemented in place with Duco
cement. See page 21, photo 6

FIRING PROCEDURE L

1, PREPERATIONS: Signals, Green flag. Spectators may witness and
take pictures of activities but must stay clear of fenced areas.

2, COMMENCE LOADING: Signals, Yellow flag, one blast of siren. All
Persons not engaged in the test must return to the sheltered area.

3., ARMING: Signals, Red flag, two blasts of siren. All personnel
must be in protected areas. The rocket is ready to be fired.

4, X-MINUS 1 MINUTE: Start of count down.

5, 15 SECOND WARNING: Siren and flashing red light. All persons must
be bnohind protective cover during flight.

6, FIRE: All persons must remain behind protective cover during fir-
ing and be prepared to move to better cover incase of erratic
flight.

7., In case of misfire of delay there will be an intermittent blast
of the siren. All persons are to remain where they are and in-
structions will be given over the public address system. o

We demand the cooperation of all visitors in oObserving these reg-
ulations and reserve the right to remove any individual from the area
_T they do not. abide by all rules and regulations and the decisions
made by the persons dele_ated to the responsibility of the firing.

REACTION RZSEARCH SQCIETY INC. POLICY ADOPTED 1/15/58
(6)
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10.
11,
12.
13.
1k,

15.
16.
17.
18.
19.
20.
21.

Flush Aluminum rivet

Parachute

Instrument section tube

Connector coupling *

Notch for pull thread See page 21, Photo 1
Linen pull thread attached to top of chute
Aluminum piston

Jetex Fuel

Squib

Lug for pull thread

6/32 machine screw

Bulkhead

Rocket tube

Mercury switch (contacts in a position so as to *
be open when rocket is in a verticle position.) ;

Aluminum cylinder See page 21, Photo 1
One of three pen cells

Flat head piston attachment screw 1/4" 28
Thrust plate See page 21, Photo 1 & 2
Cylinder attachment bolt 1/4" 28

1/8" hole for squib leads

Parachute ejection section

* 4. The coupling connection is to be a slip
fit into 21, as if it is to loose it can
drop off. This must be snug. See Fhoto
#1 and note the split in the coupling;
which is to allow a space for the pull
thread as well as to make a flexible
coupling for the instrument section and
parachute.
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oW

Capsule
Igniter
Propellant
Cork Plug
Igniter Wires,
Shorted Across

W oW WYwk

Capsule

Igniter
Wladding, Paper
Igniter VWires
Shorted

Burst Disc 010
Soft Brass
Burst Disc Ring
Retainer

4
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LAUNCHERS

The launcher which can be used may be one of several.
types: s

The three rail launcher is the most reliable as it
guides the rocket on three surfaces.

The clip launcher is also fairly good. This is made
so that two clips which has been attached to the rocket
fits over a "I" rail so that the only way the rocket can
get off the launcher is to go off the upper end of it.

The easiest launcher to build, which is still safe,
is a steel rod mounted on a metal plate, or imbedded in
a concrete block. A screw eye must be attached to the
front of the rocket in-the bulkhead, and at the rear .
of the rocket screwed into one of the screw holes that
holds the nozzle in the rocket.

Do not drill any holes in the rocket between the
bulkhead and the nozzle, except those necessary to hold
the bulkhead and nozzle in place.

This launcher system should not be used on rockets
larger than 1 1/2" in diameter.

The motor type launcher is acceptable to use for
some of the smaller rockets, however, the rocket must
have a guide of some kind near the nose so as to allow
the rocket to leave the launcher in a straightline and
not bind.

All launchers should be set at an angle of not less
than 15° from the vertical and fired into the wind with
the person firing them in back of the launcher so that
the wind blows from the launcher toward the block house
or firing pit. As long as the fins are at the rear of
the rocket this applies.

It is not safe to use forward fins on any rockets
which you build, and you are advised not te build rockets
with fins ahead of the center of gravity, because the
rocket has a tendency to go with the wind.




"P" Rail lsuncher R.R.S.
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Table for pzge 25

Bulkhead

Sorew
0.D. A B D Size

11/a 3/ai11/8| 29 8/32
11/e 1.113/8]| 20 | 8/32

2 13/8)1 7/8] 21 10/22
2 1/2 11/2|23/8] 21 | 10/32

Muchined Bulkheud

0.D. A B c ) H X 1 |D
11/ |11/2 ] 11/a)11/8| souia | 5/8 | 1/2 | 1/2 |8/32
11/2 12 11/2 |13/8) 11/8| 5/8| 1/2 | 1/2 |8/fz2
2 21/2] 2 l17/8]| 13/ 3/4] 1/2 | 5/8 | 10/32
2a/e e 3/4 | 2ia/e Wela/slliais/el| 1 5/8 | 3/4 | 10/52
Nozzle
0.D. A B c D B b e M
11/4]9/16 |see 11/8|8/32 | See Draming VI
11/2|11/16 lem 1 3/8|8/32 | See Drawing VI
2 lis/ie |11/2 | 1 7/8|10/32118/4 | 1/8 | 4/20
21/2113/16] =2 2 3/8'| 10/32 |2 1/8 1/8 | 4/40
Machine Screw
Data
e e
10 10/32 21
19 8/32 29
28 6/32 36
32 4/a0 43

Photoe, 3 and 4, page 21, show the method of fuel packegizs
to be used in the fmeling of the Micro grain rocket.

The capsules shown here are used in a 2% inch rocket and
2 1/16 inches in diameter by 1 inch in thickness; being coves
top and bottom, by tissue paper. The mixed fusel is placed in
cepsule which has tissue paper on the bottom; the fuel islewas
off the top and the tissue paper is pasted in pleacs, with wall
paper paste and set aside to dry.

Capsules are made of 120 pound paper and rolled on & Wa3
form.
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Optimom Design of a Micrograin Rocket
By R. Citron

In order to design a Micrograin rocket to reach a predetermined
sltitude we must examine the equation (1) gvoc Isp & In ¥/R] where
Vo 18 the cut off velooity, is the specific se (25 Bec for
Wiorograin), g is the gravitetional constant, is the mass ratio

Sinoe fhe altitude.4s a funotionm of the outoff velocity

(2)@% Yo" s1ne? $J , we want to design our Microgrsin rooket to

give a certain ocutof? velooity in order that it may reach a Pro-
determined altitude, but in {1) we omn see that cutoff velocity
variss witk ths log of the mass ratio, since the specific impulse
i constemt (25 seo), and g is constant (32.2 ft/sec2),we can mee
that everything is direota:|7 dependent on the mass ratio.

Pron squations (1) end {2) we have made two graphs which can be
used in determining the exsot mass ratio a rooket must have to
reach =& prsdetermined sltitude,

gle

rodblem: To design a Micrograin rooket that will reach
en aititude of 10,000 feet.

Solution: In figars 2. £ind 10,000 feet on the vertical

8oale-follow this line to the ourve and down
to a mass ratio of 2.7.
Prom the known mass ratio we can determine
the outoff velosity from figure 1, this turns
out to be 770 ft/second. Prom this date we
can also détermine the range, flight time, and
an§la of launch of the rocket using equations
(2) (3) (4). 2

Anewer; In order to reach an altitude of 10,000 feet,
our Micrograin rocket must have a mass ratio
of 2.7,

Sample rockets

Empty weight 10 5 2.5
Weight fuel 17 8.5 4.25
Total weight 27 13.5 6,75

Veight fall 27 WR 135 M/R g9 WR
Wolght empty ~T0~ 27 ~B — 2.7 5 2.7

EPuUATIONS
RE P AIGON ST

5 WHERE
(3 v wiiEae
R=_C_ smwe 2 ¢ R= RANGE
3 & Vo= CUTOFF VELOCITY
9 = GRAVITATION AL cOWSs TANT
MACMUM  RANGE 47, ANGLE OF FIRE
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MAXIMSIA  BarITUpE
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= HT TIME
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From the experiance of the writer the following procedure

has been found to be the safest way to fire a rocket with the
minirmum amount of danger to all parties concerned.

1. Do not carry loaded rockets im your car, load them only
before you are ready to fire.

2. Do not use any fuel in the rocket but Zinc and Sulphur

3. When rocket is being losded install the igniter.

4. Before placing rocket in launcher have a1l people not
directaly concerned with the launching keep out of the
area and under cover.

5. Before connecting power limes %o the rosket be sure thelines
into and from the panel are disconnected.

6. Keep safety plugs to the pamel in your possesion.

7. Return to the firing ares, blockhouse and start your
count down at two minutes annoucing this over a public
address system.

8. Connect leads from the rocket to the panel. ( see note # 11)

9. Announce 1% minutes. Inform observers what you are doing
as there is danger of misfire from now on.B3e surs to look
around you and see %hat every ome is under cover if they are
not stop your count down and firing until they get under
cover.{ If count down has to be stopped restart at point 7)

10. Announce 1 minute. Again check to cee that every one is
under coverif they.are not stop your count down and firing.
( If count down has to be stopped re start at point 7 )

11. Connect power leads to the panel.

12. Start your count down. 45 seconds, 30 seconds, 15 seconds,

( at the 15 second count imstall the safety plugs in the pansi )
10, 9, 8, 7, 6, 5, 4, 3, 2, 1, Fire. On the 10 second count
make & last look around and if any oms is not under cover
8top your count down and firing; remove safety plugs. ( If
count down has to be stopped re start at point 7 )

Stay under cover until you are sure that the rocket is down.
In case of a mis fires be sure every one stays under cover
until 5 minutes have elapsed and you are positive your rocket
is still not burning.

In order to have a safe well managed firing you should
have the following people for the various jobs.

Testing director, to be im charge of the complete firing
assisted by at least two peorle so if a problem arises they can
decide just what course to follow.

Firing Crew, to take care of installing the rocket in the
launcher and firing it, this should be dome by two people. One
remains in the block house neer the firing panel as the other
member makes the final conmection of the lime to the rocket.Thsre
should be as few people imvolved in this as possible 1if morekelp
i= needed others should be delegated $0 help in the case of the
larger more complex rockets.

Tracking crew composed of at least five people, two at each
tracking station and one at the blockhouse.

Recovery crew to find the rocket after the tracking crew has
informed them that it has landed. The recovery crew should deter-
min the exact location of the rocket and inform the Tasting
director that 1% is safe for the public to approach the inert
rocket, after pictures are taken. The recovéry crew should eonsist
of at least two people never more than five,

4 group of as many people as necesgary to police the test
area and keep people 6ut of dangerous areas amnd work areas.This
group of people should be in charge of first aid, road blocks,
and in general keeping people in order at the direction of the
testing director.

4 public information officer to handle the public address .
System and inform the public as to the firing condition at all
times.
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1. Alr intake 1/4 inoh hole, 2.Hose
cone, wood or metal; 3.Two of six
wood sorews, 4. Tracking fluid tank
6. #63 hole in tenk., 6.Tank bottom
7. Bulkhead, 8, Four of twelve bulk-
head sorews, 9.Micrograin fuel 10,
Motor tube, 11l. Capsule, 12, Tissue
seperator. 13. Weld or solder seal,
14, Ring retainer screw ¢ne of six,
16, Ring retainer, 16.Burst dise,
17, Nossle, 18, Pin, 19, Fin bracket
and two 4/40 fin attechment sorews,
20, Weld holding f£in bracket in plsce.
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The suthor will give a $25.00 education award for the
best erticle submitted to him each yeer.

411 articles will be judged each August amnd you will
notified not later than October 15, of that year.

The rules are.
1. You must be g student between the age of 14 to 20 years
of age. Boy or Girl.
» 2. You must send at lezst three photos of your project, if

2 you have built one .

3. You must inclulde a picture of yourself.

4, All meterisl mmst be typed on 8% x 11 white bond peper.

6. The permission of your parents must be given to sllow the
publication of your material emd pictures.

6. If you are & member of a rocket society, or study group
you must state the neme and address of the person in charge
of your activities.

7. Your work must be original and never published before.

8. You mmst not violate any local ordances regarding fire
or the flight of rockets.

9., It is pot necessary to build or fly a rocket to compete.
Theoretical as well as actual projects sre acceptable

" for competition.
10. If you wish a reply you must enclose a self addressed
atamped exrelope.
1l. Do not send your project; just the mamusoript end photos.
12. All meterial remains the property of the suthor and
o camnot -be returned. -
13, The decisions of the judges will be final.

14, If you build & rocket you shall not wse any fusl but
Zinc and Sulphur,

The fuel will be used in the dry powdered form and will
not have been melted or contain any other chemicals.

411 manuscripts submitted may be related to theory or
practical application of, Rockets, Missiles, Space Flight or
Anti-eravity.

If your material is published you will recieve a copy
of it.

All material should be sent %0 B.J. Humphreys Jr.
P.0. Box 90391 Tos Angelss 45, Califormia previous to
4dugust first, as material recieved later than this date
will be judged in the following year.
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MOSES BROWN SCHOOL SCIENCE CLUB
Rocket Program Information Sheet
b 4 48 4

SAFETY PRECAUTIONS, NOT IN ORDER OF IMPORTANCE; to dis-
regard any of these for the sake of convenience is to invite
serious trouble.

} 1. Permission from all parents whose children attend
a rocket launching.

~

A launching site far removed from heavily populated
areas; the site should provide adequate protection
against injury from flying hits of metal. Rockets cap-
able of reaching extreme altitudes will be fired over
the sea.

A 4

. Use of a fuel made up of a mixture of powdered
zinc and sulphur. This fuel will not detonate under
pressure alone hut must be ignited by sustained
temperature. No fuel other than the zinc-sulphur
mixture is considered.

} 4. Use of a remote-controlled electrical firing system
which puts everyone concerned a safe distance—at
least seventy-five (75) feet—from the rocket. Use of |
a fuse or matches is strictly forhidden.

v

. Strict supervision of each launching by the Sciemce
Club adviser. Anyone who does not ohey the advises
in the matter of taking cover and of remaining cleas
of the rocket in case of a misfire is not allowed &
attend any more firings. 3

. In the event of a misfire, the ignition circwit &
broken and the rocket is aliowed to stand a few
minutes before the adviser approaches it. Under as
circumstances is anyone to approach a smekmg
rocket.

4

. No one is ever allowed to play with a rocket £
anyone who carries on dangerous work outside &
club time or ignores safety rules is immediately ==
pelled from the club.

v

v

. The rocket is fired at an angle of not mere
eighty degrees (80) from the horizontal to &
that it does not fall in the vicinity of the Iz
The launcher itself must guide the rocket far
less than twice the length of the rocket. -

} 9. The club has a qualifiéd adviser.

’ 10. The nozzle of the rocket is not smaller in
than one-third the diameter of the fuel section.

’ 11. Seamless tubing is employed. ,Steel

’ 12. The fuel is never heated when heing made

simply stirred together. Neither is the mixtars

as an igniter heated. 3 .

By permission of the Editer
Of MODEL AIRPLANE NEWS © Augwst |




Partial Liss of Rocket Societies

American Astronsutical Federatiom Sociedad Argentina

P.0. Box 1734 Interplanetaria

Washington 13, D.C. Sucumaen 950
Beunos Aires

American Rocket Society Argentina

29 West 39th Street

New York 18, N.Y. Oesterreichische
Gesellschaft feur

Boise Rocket Research Socisty Weltraumforschung

1107 Forth 16th Strest P.0. Box 192

Boise, Idaho Wien VII/62
Austria

Chisago Rooket Society

10630 South St. Louis Canadian Rocket Society

Chiocago 43 Illinois 619 Roslym Ave,

Momtreal, Canads
Intermountain Rocket Sooiety
1425 BEmerson Avetme Danish Interplametry Society
Salt Lake City 5,Utak P.0. Box 31

Copenkagen~K, Denmark
M.I.T. Rocket Research Society

Walker 305 British Interplanctary Sosiety
Hass. Inst. Technology 12 Bessborough' Gardens
Cambridge, Mass. Londom, S.W. 1, England
Pacific Rocket Society Gesellschaft fuer

P.0. Box 15671 Weltraomforschung

Del Valle Station Reinsburgstrasse 54

Los imgeles 15, Calif,, Stuttgart-T, Germany

Reaction Missile Research Society NederlandseVereniging voor
Box 1199 Ruimtevaart
State Collage, New Mexico Aupa Paulownaplein 3

s'Gravenhage, Holland
Reaction Research Society

P.0. Box 1101 International AsSyonsutical
Glendale 5, Calif,, Federation
P.0. Box 37

Baden, Switzerland

If you have any memes to add to this list please send them %o
P.0. Box 90391 Los Angeles 45, Califormis.

My thanks to;
Jim liedsker; for his contribution of several years
interest and. assistance at launchings.

Steve Marstaller; for his efforts to get the pictures
for this booklet.

Bob Citron; for his calculations related to Micrograin
rockets.

Gene Cox; For his art work.

The many members of the R.R.S. end tke P.R.S.; for their
assistance in sll phases of rocketry.

B.J.H.
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