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PREFACE TO THE THIRD VOLUME
Number Three of The Best of AFN series offers
the reader all the how-it-is-done articles that appeared in American Fireworks News between
May, 1990 and April, 1995. It also includes a few
rocket articles from Max Vander Horck's old
American Pyrotechnist. It gives us great personal
satisfaction to be able to put these wonderful articles inside one set of covers and make the great
mass of fine fireworks literature available to our
many readers who have come onboard since
1990. Of course, very few of these articles would
be available except for the willingness of our
writers to share their hard work and fireworks
insight with the rest of us. Over fifty writers contributed to this volume. Without their contributions, the fireworks hobby would still be stuck in
the Weingart era.
In addition to those fifty writers, we are indebted
to the newsletters of: Connecticut Pyrotechnics
Association, New Hampshire Pyrotechnics Association, Florida Pyrotechnic Arts Guild, and
Fred Olsen's Lights in the Sky; all first published
some of the articles in this book.
It is necessary to say just a word or two about the
fireworks hobby. Despite all the progress we've
made since Van started all this in 1969, we still
come across hobbyists who won't read the literature, who resist watching the videos, who don't
belong to clubs or won't attend seminars at the
PGI convention. You get the feeling that they
treat the hobby as a kind of intuitive thing, and
that they like to "fly by the seat of their pants".
But as we pointed out in Best II, things happen
fast in high energy reactions.
We are learning all the time -just look at some of
Van's early American Pyrotechnist newsletters
and you'll see how our body of knowledge has
expanded so greatly. We must take advantage of
the information that is available. In this hobby,
the consequences of ignorance are profound.
Recently we received the following from Mr.
Louis J. Semenza. Mr. Semenza was born to a
fireworks family and worked in it all his life.
We're sure you will enjoy his insight.

HOBBY FIREWORKS MAKERS
HAVE VALUE
There are many people in the U.S. who are unemployed and who need jobs to get the economy
going. This brings me back to a few years before
my retirement when I had an all-aerial fireworks
display at a lake in Connecticut. There I had the
pleasure of meeting many men and women who
considered themselves hobby fireworks makers.
After the introductions, some of them asked if
they could add their fireworks to those of mine
that were to be fired in the show. After looking
over their fireworks, I gave them the OK
My crew and I set up the display according to my
plan. They set up theirs (after checking with me)
according to their plan. There was one
gentleman of Italian extraction who made rockets. He and his wife set them up on pieces of
styrofoam sheets, from one end of the lake to the
other. They were to be fired electrically, in series.
Just before it was time to start the display, I
checked out all the shells, accompanied by a member of their crew. These young people fired the
display along with my crew. I sat down and
watched them do their thing. Every time they
were ready to fire shells made by the hobby
makers, they would pass the word as to whose
shell it was. I was very surprised at their ability.
However, the real payoff was when they fired the
rockets on the lake. This had to be the most outstanding crowd pleaser of the whole display!
After the display I asked the man who made the
rockets if he would make rockets for me. His
reply was that he did it only as a hobby.
Now this was a small group. Just think of all the
people in the U.S. who can make shells and other
fireworks that could be sold to the big displayers.
This would put a lot of people to work. LJS
Remember, each reader bears the responsibility
for his own interpretation of these articles.
Development is on-going. Today's knowledge is
the basis for tomorrow's improvements.
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.-AMERICA'S VOICE OF
FREEDOM. EXPRESS YOUR LOVE
OF COUNTRY WITH THEM, BUT
REMEMBER SAFETY FIRST.
NOW LET ME GET THE HELL
AWAY FROM THIS JUMBO CRACKER

GETTING A PYRO EDUCATION
One of the problems associated with having
fireworks as an interest is the problem of finding
good information in a modern format. As most
pyrotechnists know there just is not massive
amounts of good information easily available to
those who are interested. This is improving with
the advent of videos and desk top publishing.
Still, there are few places for a person to be a student and try and learn as there are a very limited
number of seminars, schools, and conventions.

was impressed with the material and saddened
that he was unable to take the class due to a commitment prior to the convention.
Judging the learning experience from the class
and convention against other courses I have attended, I can only say that the whole experience
was a bargain at twice the price and an educational experience.
If you are a pyro who cannot get:

This past summer I had the occasion to take advantage of two of these opportunities. I was able
to attend the PGI convention (my first) and participate in all of the activities. The second time
was the chance to attend the 2-day Chemistry of
Fireworks class put on by the Kosanke's and
their guest instructors. As a student of fireworks
I enrolled in a local college course in chemistry to
help in my fireworks knowledge. The class was
great and it helped, but there is a big (I mean
giant) void between college chemistry and the
field of pyrotechnics with production and testing
of pyrotechnic devices. It was a blessing to have
the opportunity to fill this void with the
Chemistry of Fireworks class, and then cement
that knowledge with the "hands on and how-to"
teachings in the convention seminars, demonstrations, and devices that were fired there.

Enough knowledge about the field.
A local mentor to walk you through problems.
Sources to inspire your experimentation.
A safe guide to performing your activities.
Or are wanting to learn the fundamentals of
fireworks and chemistry;
then I suggest that you attend the next PGI convention and take the Chemistry of Fireworks
class offered before the convention. You'll come
away with a great understanding of fireworks
chemistry, an outstanding course manual, excellent handouts from the PGI seminars, a shooter
certificate (if you take and pass the course), and
one of the most exciting weeks of your life.
RPNM

The seminars taught at the convention dovetailed right into the learning curve which was established at the first of the week in the
Chemistry class. It was interesting to tie the
Chemistry of Fireworks class, the "how-to" convention seminars, and the shooters certification
program into a great week of learning.
I was happy with the way the Chemistry of
Fireworks class improved my understanding of
the convention seminars. This was really
brought home when I had the opportunity to talk
to a friend and fellow pyro who is a chemical engineer by trade (who works with explosives, an
area which I also work in) concerning the seminars we have attended. We were surprised to go
through the Chemistry of Fireworks class
notebook (over 300 pages) and rediscover concepts that had been learned the hard way. He

DJH

FIREWORKS AND ME
Of all the many pursuits in my life, none has
been more fascinating, engaging, and at the same
time, frustrating, as my long struggle to make
bona-fide black powder. When I look back over
the years at my earlier attempts, I can now pinpoint the critical parts of the process and
eliminate most of the dead ends. I became very
interested in the why's of the black powder
process, and I gradually began to learn things.
I learned that moisture is important when milling black powder, not only from a safety
standpoint, but also for proper consolidation.
Pressure milling powder that has the right moisture content produces a plastic flow which serves
to create a matrix of microscopic passageways
that greatly enhanced the speed of flame progression across the powder grain surface. Clean,
separate grains without fines or dust clogging
the interstices between the grains is very important for burning speed.
Charcoal is extremely important and is the only
true variable involved. Willow and alder wood
have long been preferred for gunpowder making
and has been since Roger Bacon's time, although
in recent years maple wood has found favor with
most commercial operations, and it appears to
work fine. Personally, I have had great success
using charcoal that I make from black willow,
which is quite abundant here in Florida.
The charcoal is still most important, but now I
have a small wheel mill, which I built. It makes a
considerable difference. Pressing into cakes and
densifying to a specific gravity of about 1.75
serves to intensify the energy per grain and gives
the powder its characteristic power as compared
to ball milled homemade meal, etc.
My interest in black powder started many years
ago when I was twelve and living in my father's
house with the mistaken notion that it actually
was a powder mill; my father quickly set me
straight on that matter. I was able, however, to
experiment considerably, and with the aid of my
mother's ancient set of encyclopedias, I had a

ball. Although the books gave a fairly comprehensive account of the black powder manufacture,
the information was just general enough to require much trial and error to produce results. Oh
well, that was a long time ago, and there's a
whole world between.
When I was a kid, you could walk into a drug
store and buy just about any chemical in stock
with hardly so much as a raised eyebrow from
the druggist. Pure-pac sold saltpeter, USP grade,
in a four ounce pink tin for thirty-five cents.
Charcoal, the activated kind, also sold for thirtyfive cents, and flowers of sulfur was twenty cents.
For less than a dollar, I was in business, so to
speak. I also bought some aluminum bronzing
powder which was used in paint. Once I even
bought some iodine crystals, and as I recall, the
only reaction from the druggist was a h-m-m-m. I
have to smile today when I think of our Big
Brother agencies and how they would be aghast
at such goings on from a twelve-year-old.
I had a street sense, or something, in those days.
It was an innate wariness that seemed to keep
me out of harm's way. Some people just don't
have it and they get hurt. There were accidents
then, to be sure, but no more so than today,
despite our stringent regulations. My biggest fear
with fireworks is not explosions or accidental ignitions. It is starting grass fires! This really bugs
me, which is why I always try to shoot over a
lake, if at all possible. A really large field with
closely cropped grass is OK, but anything else
makes me paranoid. I carry a pressurized water
fire extinguisher to handle unexpected fires, and
even though I rarely use it, it's comforting to
know that it's there.
I usually work alone, but it's a lot more fun with
a couple of friends who know what they are
doing. In a situation like this, accidents are minimized, as opposed to a factory scene where many
people are involved and it's extremely difficult to
know who's doing what every minute of the day.
I try to be as safe as is practical. SW

LIGHTNING & THUNDER FOUNTAIN
Here is a two-effect fountain that begins with
brightly flashing silver micro stars, then changes
to the thunder effect of crackling micro stars. It's
simple: I fill the tube half with silver micro
star/fountain comp, and the other half with crackling micro star/fountain comp. I use a 1" i.d. tube
choked to about 3/8". The comp is hand charged
into the tube. I glue a disc into the bottom of the
fountain and then attach the base. Let's start
with the basic fountain comp.

For this portion of the fountain I use a ratio of
stars to fountain comp of 1:1.
In case you are wondering about that binder, it is
a 10% solution of nitrocellulose lacquer. I did not
give a stated amount because it depends on the
skill of the star maker.
Several techniques have been described for
making micro stars. I like to take the easy way
and use a food grater.

FOUNTAIN COMPOSITION
Potassium nitrate
Charcoal, air float
Sulfur

37.5
12.5

SILVER MICRO STARS
Magnalium 50/50, -200 mesh
Barium nitrate
Sulfur
Binder (10% N/C)

30%
40
30
ad lib

For this portion of the fountain, I use a ratio of
silver micro stars to fountain comp of 1:4. If the
micro star ratio is increased, they merely burn up
in the tube.
Some people dislike using lead chemicals, so for
the thunder part I will give two crackling micro
star formulas. One uses bismuth trioxide and the
other uses lead tetraoxide.

The micro stars described in this article must be
primed. I have found that if I use the crackling
micro stars for dragon eggs, etc., and they have
not been coated with wax first, the potassium
nitrate will leach into the micro stars and render
them ineffective.
My technique for coating the stars with wax is,
first, to buy some cheap paraffin wax at the local
supermarket. The brand I get is called Parowax. I
put a few stars in a heated double boiler, add a
small amount of wax and mix the stars around
until they are coated. Then I dump them on a
piece of kraft paper to cool and separate them.
The wax coated stars are ready for priming. I use
the standard round star making technique. I put
a couple of tablespoons of stars in a bowl, spray
them with a 50/50 water/alcohol mix with an
atomizer, then add prime comp and roll them until they are coated.

CRACKLING MICRO STAR #1
Bismuth trioxide
Magnalium 50/50 -200 mesh
Copper oxide (black)
Aluminum 200 mesh atomized
Binder (10% N/C)

75%
15
10
+5
ad lib

CRACKLING MICRO STAR #2
Lead tetraoxide
Copper oxide (black)
Magnalium 50/50 -200 mesh
Aluminum 200 mesh atomized
Binder (10% N/C)

70%
12.5
17.5
+5
ad lib

PRIME FORMULA
Potassium nitrate
Sulfur
Charcoal (air float)
Silicon
Aluminum, dark pyro
Dextrin

57.2
11.4
11.4
11.4
5.7
2.9
BJV

CONSTRUCTION TECHNIQUES OF 3/4" ROMAN
CANDLE USING ROUND STARS
This article was prepared from a seminar given
at the Western Winter Blast HI in February, and
has been reprinted from the Connecticut Pyrotechnics Association News.
MATERIALS NEEDED
1) Parallel wound tube 18" long, 13/16" i.d. with
1/4 " wall
2) 3/4" x 22" rod
3) 3/4" x 3/4" nipple on base
4) 1 1/2 lb. dead blow mallet
5) Tablespoon measure
6) 1/4 teaspoon measure
7) Funnel for charging tube with clay and lift
powder
8) 3/4" star pump to pump star 3/4 x 3/4"
9) Fine powdered clay
10) FFg black powder
11) Delay mix: (Ball milled meal powder):
Potassium nitrate
75%
Charcoal air float
15%
Sulfur
10%
Dextrin, additional
5%
I ball milled these for 12 hours then mixed it
with the following to form the delay mix powder:
Ball milled meal powder
71%
Charcoal air
float
18%
Red gum
4%
Alcohol
10%
(Added when delay mix is charged)
12) Alcohol to dampen delay mix before being
charged
13) Eight 3/4" round stars
14) Window screen to screen delay mix
15) Kraft paper for under screen
STAGES OF CONSTRUCTION
1) I screen the delay mix ingredients together
through the window screen four times.
2) I incorporate the alcohol into delay mix so
little dust is present then I pass mix through window screen twice to further incorporate the alcohol evenly.
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3) I pump out eight 3/4" x 3/4" delay units by charging the star pump with damp delay mix and ramming lightly (using the wrist as the pivot for the
mallet) six times with mallet. I extrude excess
composition from the pump and cut off the excess
back into the damp mix. I extract the delay unit
and set it aside for later use in charging the
candle. I repeat until eight delay units have been
made.
4) I place the candle base with nipple on a hard
firm surface. I place the candle tube on the nipple
and charge in one tablespoon of clay through the
funnel into the tube. I remove the funnel, insert
the rammer into the tube, and ram the clay eight
times with a mallet (using the elbow as the pivot
point for the mallet). I pull the rammer up 4",
turning one full turn to allow the loose clay to
settle back to the bottom of tube. I push the rammer back to the bottom of tube and ram it
four times using the elbow as the pivot for the
mallet). I remove the rammer.
5) Next I place 1/4 teaspoon FFg black powder
into the tube.
6) Then I put 1 star into the tube, making sure
the star is seated all the way to the bottom of the
tube, on top of the lift powder.
7) Then I put 1/4 teaspoon FFg black powder into
the tube.
8) I carefully pick up one delay unit and place in
the tube. It should slide down the tube with ease.
9) I insert the rammer into the tube and ram
eight times (using the wrist as the pivot for the
mallet). I raise the rammer 4" and turn one full
turn, letting loose powder fall to the bottom of
the tube, and then ram eight more times (using
the wrist as the pivot for the mallet). I remove
the rammer from the tube.
10) I carefully repeat stages 5 - 9 until the tube is
charged with eight stars and delay units.

BIGGER & BETTER
BREAKS WITH SMALL
BALL SHELLS
I was watching a video I'd taken of some rockets
I shot two years ago, to pick out some good ones
to make for the Western Winter Blast V. One particular break of red stars caught my attention.
My description on the tape was "Red parlon taped". That seemed curious because for the past
two years I had been unable to get that star to
ignite in a 3-inch ball shell with a hard break.
Then I recalled that when assembling one of
those shells the plastic hemi cracked so I had
placed four strips of 1/2" fiberglass reinforced
strapping tape longitudinally on the shell to hold
it together. Could that be why the stars ignited?
To make a short story even shorter, I made up
another shell with those red stars and taped it.
100% ignition! I started to tape all my plastic
ball shells with fiberglass tape, and ignition on
all stars was improved. In addition, the breaks
are about 50% larger. There were comments to
that effect at the Winter Blast.
By coincidence, I attended an excellent seminar
at WWB-V, in which was mentioned the successful use of fiberglass tape on cylindrical multibreak shells.
I have been sealing these shells with methylene
chloride. Perhaps if I used the plastic shell
fragment/xylene glue, the tape wouldn't be necessary. This remains to be tested.

CROSS SECTION
3/4- 5-SHOT ROMAN CANDLE

11) I remove the loaded candle from the base and
tap both ends on a hard surface to remove excess
clay and delay mix. I allow the finished candle to
dry.

Evidently the stars were not being retained in
the shell long enough to have sufficient exposure
to fire, and were getting out ahead of the flame
front, as suggested in Round Stars & Shells.
WCB
[During pre-publication discussion of this article,
the author emphasized the value of videotaping
one's experiments, a view that we heartily endorse. Videotaping offers a permanent record.]

12) After the candle has dried for one week it can
be fused and tested. AK
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DESIGNING PORTFIRES
Although I have been an amateur for more than
ten years I never have tried to make portfires until very recently. Until a slow burning comp is
achieved I think it is best to not hold them in my
hand after ignition. As a precaution I fill the bottom of the portfire with some inert material, i.e.
flour, clay, etc. to avoid burning my fingertips in
a moment of excitement watching a beautiful
shell ascending.
The problem was to find the correct formula. I
did some thinking before experimenting and
made up these guidelines: to find a slow burning
and cheap composition without concern for
smoke or dross. Still, it has to be able to consume
the paper tube while burning and emit enough
light so a flashlight is not needed to find the fuse
in the dark!
CHOICE OF FUEL
First I tried a comp I once made trying to copy a
comp for smoking out rodents. It contained sulfur, a lot of sulfur. The gas produced while burning, sulfur dioxide, is not pleasant to inhale so I
excluded sulfur from my portfire experiments.
Another cheap fuel crossing my mind was charcoal. But if you have ever tried to press a charcoal composition in a snugly fitted paper tube
you know why I excluded charcoal. Besides, charcoal lowers the density of most mixes, thus
making them burn faster.
In order to get light, a high temperature (fuel) is
necessary. Metals are extremely hot burning but
not cheap and, since I wanted to ram the comps
hard to increase the density, it could be dangerous since I didn't yet know what oxidizer to
use. Instead I chose red gum that also burns at a
high temperature.
To slow down the burning of the red gum I tried
lactose. It didn't work in my formulas so I added
dextrin. This is a slow burning fuel that I knew
would work from experience. The only drawback
is its tendency to destroy the light output from
the white flame produced by the red gum. This
means that dextrin can only be added to some ex12

tent and still keep the white flame. Somewhere I
have read that because of its hygroscopic nature,
dextrin should not exceed 5% in a comp, unless in
exception.
Now I had two fuels. One that burned with a
high temperature and giving off light but no
irritating smoke, and another that burned slowly
and diluting the more expensive and sometimes
hard-to-find red gum. It was time to consider the
oxidizer. Of course, I already had used several
oxidizers to thoroughly test the different fuels,
but for this reason alone.
CHOICE OF OXIDIZER

During the previous tests I had an idea of what I
could use as an oxidizer. Potassium nitrate is the
cheapest and it burns slowly. Unfortunately all
nitrates in my country are coarse powders and
vigorous shaking of a lit portfire would make it
go out. It was obvious after watching all the
dross coming off and NOT coming off the paper
tube that an additional oxidizer was necessary.
Barium nitrate is not recommended due to the
toxic gases produced by burning, and strontium
nitrate didn't smell too good. Once again I considered the risk of ignition that may occur from
(hard) ramming and excluded potassium
chlorate. This left only potassium perchlorate, as
I thought ammonium perchlorate would be too
expensive. However, potassium perchlorate is not
a bad choice, because it contributes to a high
flame temperature and good burning, and
without much dross.
After some tests it was found that the percentage
of potassium perchlorate was better kept high in
order to obtain stable burning without dross. By
excluding all of the potassium nitrate there is no
dross, but the paper tube is not consumed either.
There is a balance between dross production and
consuming of the paper tube in formulae #1. It
might be possible, however, to use more potassium nitrate if it's a fine mesh powder. But with
the coarse powder I used, not even one extra percentage was added to formulae #2 in order to
avoid hot dross falling on my feet, as this formulae is optimized to have the highest percent-

age of potassium nitrate possible in order to
lower the price.
PORTFIRE FORMULA #1
Potassium perchlorate
58
Potassium nitrate, coarse pwd 20
Red Gum
17
Dextrin
5
Approx. burning time(mm/sec.):1.50
PORTFIRE FORMULA #2
Potassium perchlorate
55
Potassium nitrate, coarse pwd 25
Red gum
16
Dextrin
4
Approx. burning time (mm/sea): 1.25
The burning speed depends on how hard the
comp is rammed and in how many increments.
After I have rammed in increments of 12 mm I
noticed that a 175 mm paper tube weighed 14
grams including the tube. This makes 0.8 grams
per centimeter.
The problem that I actually set about first was
how to make my own paper tubes. They had to
be thin walled yet stiff enough to ram in. I made
them as follows:

trick I use would be to ram a comp of a different
color next to the clay giving you time to light
another portfire before the first one is going out.
Then, I fill and ram the comp every 12 mm to obtain a stable and slow burning rate. I always
remember that it is better to ram several times
with less force than a few real heavy blows.
When I have rammed the comp almost to the top
(12 mm) I then set the portfire aside. After all
the portfires have been rammed the last step
remains. I am always sure to have saved a little
comp which I damp with water (I have not tried
alcohol) and I press it in the open end of the
portfire with my fingers until it's full. Sometimes
I use Meal A with additional charcoal and
dextrin. I then set it aside to dry. Now I have a
complete portfire with a starting fire at one end,
also making sure that the dry comp stays inside
the paper tube. I do not make these items possible to strike against a striking surface, as they
often are stored and carried together with
matchboxes. It is a bad thing to risk. They are
easy to light anyway by holding the tip of a
match tight to the starting fire and rubbing the
striking surface to the match tip. Portfires are
nice to use when the wind is strong or it is raining. I point the flame (approx. 50 mm long) at a
90° angle towards the fuse, at the end, and NOT
lengthwise to prevent sparks from getting into
the item I want to ignite!

I take a roll of gummed paper (48 mm wide) and
cut pieces of desired length, about 170 mm because it is difficult to ram an extremely long
tube. I place a billet of wood or a neversharpened pencil 7 mm in diameter on the
gummed side of the paper and roll breadthwise,
but not too hard if I use the same size of pencil to
ram the comp later on, until about 10 mm
remains. I moisten the gummed side and fold it
down around the pencil and press. Now I have a
thickness of two turns of paper. I move the end of
the pencil inside the paper tube close to one end
(about 5 mm) and fold down the end four times.
Now I add a strip of gummed paper to force the
folded end to stay put. When dry they can be
used for several applications. They are easily and
quickly assembled, and cheap.

I have presented how I make portfires. Of course,
there are other ways, e.g., using damp comps,
other chemicals, etc. My formulas may be considered too expensive for commercial use, but
they correspond to my high demands and make
indeed a good product compared to some commercial stuff I have tested. As an amateur making a
few per year using approximately 14 grams per
each, the price is of no concern compared to the
usefulness. The smoke production is strong but
even if inhaled, I don't find it bothersome. The
dross is no problem and the paper tube is consumed while burning. Unfortunately, the comp
burns a little too fast to be optimal. However,
this and maybe the price are the only drawbacks.

When filling the tubes I take some clay and ram.
I personally do not use inert filling since it is
hard to know where the comp ends in the dark. A

One final tip: If the light output is of no concern
and the fuses are easy to light, I'd buy some punk
[joss] sticks. They smolder for a long time, smell
good and are cheap. AP
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FUN WITH JUMPING JACKS
I must admit that the first time I purchased a
Chinese Class C "Jumping Jack", it was with
some reservations. I felt I wasn't getting the real
thing; the Jumping Jacks I was used to were
something quite different. To me, a "Jumping
Jack" was what Weingart describes as an English
Cracker or Grasshopper. And, as a boy, I just
loved them.

little bit of BP to do the job for you? I dug out
some tubes from a used Class C device which
were just the right thickness for the job, i.e., their
internal diameters were slightly wider than the
Jumping Jack cases. I then drilled small fuse
holes near the base of each tube. For fuses, I cut
the fuses off the Jumping Jacks, leaving about a
quarter-inch fuse on each device.

The Chinese Jumping Jacks didn't even jump but
they did do some other exciting things. So I soon
forgave the makers of these devices for misnaming them. Total forgiveness came when I discovered that the Chinese did make the real thing
(which jumps and bangs) under the name
"Jumping Frogs".

Taking six tubes, I glued them to a half-inch
diameter tube with hot glue. I then glued on the
main fuse of the device, making sure it came into
contact with the fuse in each tube. Each tube was
then charged with a small amount of homemade
BP and the Jumping Jack tube with its fuse
pointing downwards. The final product fired each
tube in quick succession, creating an aerial Jumping Jack. It was far more impressive than just
shooting off a Jumping Jack string on the
ground.

The Chinese Jumping Jack looks like a string of
firecrackers. Close inspection reveals what looks
like a firecracker with a small hole pierced in the
side of its case. Herein lies the secret of this
device. The hole is a jet hole which allows the
device to be propelled like a chaser-cum-spinner.
Light a Jumping Jack and you are treated to a
string of devices that scoot and spin along the
ground. Great fun - and in color too!
As a boy I often felt that lighting a whole string
of firecrackers at once was a waste. I would thus
laboriously unwind strings of firecrackers and set
off each cracker individually. As an adult I sometimes (not always) follow the same practice. I
tried this with Jumping Jacks and made a few
discoveries.
Just like with firecrackers, the fun can be
prolonged with Jumping Jacks by firing the
devices one-by-one, i.e., with the string unwound.
And they perform just great in the air. Throw
one into the air just before the fuse sets off the
device, and one is treated to a little hummer
which behaves in a similar way to the "Bees" in
"Happy Bees" candles.
For safety's sake, I throw them quite far because
their movement in the air is rather unpredictable. But why throw something if you can get a
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Another way I tried to make Jumping Jacks airborne was to try and use them as drivers for miniature helicopters. Alas, after many attempts, my
best helicopter got no higher than one foot off
the ground.
Jumping Jacks are quite effective in mines. Here
I discovered two distinct possibilities. A weak
charge in the mine will merely drop the Jumping
Jacks onto the ground, causing them to move
along the ground in their usual way. A strong
charge will blow them into the air, giving a low
aerial display. The weak charge option is an improvement on just lighting a Jumping Jack
string in that the individual devices can be dispersed over a wider area.
It should be worthwhile trying Jumping Jacks in
shells and rockets. They can also be made to behave like firecrackers if their jet holes are
blocked.
I'm sure that I haven't exhausted the possibilities with this device and would be interested
to hear of any other ideas. IvM

TISCHFEUERWERK
Tischfeuerwerk, or "table fireworks", long
popular party items in Germany, are designed
and intended for use in indoor celebrations. My
1929 Johnson-Smith mail order novelty catalog
shows several kinds of German made Tischfeuerwerk among its fireworks selections. For some
reason, the use of this kind of firework has
waned in the U.S., while in Germany they
remain popular. My 1987 catalog from the MoogNico Pyrotechnik firm in Germany devotes five
entire pages (out of 67 pp. total) to a total of
forty different Tischfeuerwerk and Tischfeuerwerk assortments.
The concept of these Tischfeuerwerk, or
Tischbomben, is simple. A relatively large,
usually cylindrical tube contains some sort of appropriate party novelty - perhaps candy, small
toys, streamers, or other party favors. A small
firecracker or other explosive charge lies inside
the tube beneath the other contents. When fired,
the contents of the tube are ejected and rain
down upon the party. These table fireworks are
especially popular at Christmas and New Year's
time which, as here in the U.S., are festive days
in the old country.
The wrappers on the items suggest the social contexts of their intended use: "Prosit Neujahr"
reads one label, accompanied by an illustration of
well-dressed party revelers. Others are, shall we
say, less inhibited? "Argentina O-O Sex" reads
one wrapper, and the accompanying illustrations
of many are reminiscent of Playboy centerfolds.

above the top of the plug. I reinforced the top of
the plastic plug with a heavy kraft disc dropped
on top of the plug, and then cemented a 2" black
powder-type cracker, glued to the center of the
kraft disc. This I fused with a piece of good,
American visco inserted through the prepared
hole. Over the cracker I placed a piece of coarse
metal screening (about 4 mesh) cut to fit snugly
into the tube. This traps smoldering debris from
the cracker inside the tube, reducing the risk of
fire. Next I placed a 2-7/8" disc of corrugated
cardboard in the center of a larger sheet (about a
10" square) of flame resistant crepe paper and
then pressed this gently into the tube. I then
placed two more sheets of this crepe paper over
the disc and the first sheet. I filled this bag to
the top of the tube with assorted, small,
wrapped candies. After folding the corners of the
bag toward the center of the top of the tube, I
glued on a disc of colored crepe paper over the
top, to keep things in place.
Then it was ready to fire. A match to the fuse,
and seconds later the kitchen was covered with
candy! Needless to say, the crowd loved it.
I might also add a word to the wise - I clear the
immediate area of all flammable materials before
using my 'Tischfeuerwerk", make sure the crowd
stands a few feet back, and have a fire extinguisher ready, just in case. Prosit Neujahr! WK

Since I can't simply run down to the local party
store as the holidays approach and buy one of
Moog's fine assortments, it occurred to me that I
might make for myself a very acceptable substitute from scraps of this and that out of the
workshop. This is what I came up with.
At a local store that specializes in recycled arts &
crafts supplies, I bought a thick walled, spiral
wound tube 3" i.d. x 6" long. I wrapped the tube
with a layer of decorative paper, then plugged
one end with a plastic base, as one might do for
an aerial bomb or mine. Next, I drilled a 1/8" hole
for the fuse through one side of the tube, just
15

BIKE WHEEL PYRO
I like to put together various consumer items on
a bike wheel and let it spin! Now it's time to
double your pleasure, double your fun, with two,
two...two bike wheels in one!
26-inch bicycle wheels are easy to obtain. Just
watch the curbs for dead bikes being throw away.
Or visit a bike shop and ask for cast off wheels
that aren't too badly trashed. Getting two identical wheels is great, but unnecessary.
I remove the axles from the wheels, and since I
rarely can find the correct wrench, it's back to
the bike shop to buy one, or spend the same
money having them remove the axles for me. The
bearings must remain in the wheel hub. This
takes care to prevent the bearings from falling
out until the wheels are bolted together.
At the hardware shop I get a foot or so of "ALLTHREAD", which is just a shaft that's all thread.
I'll pick up some nuts, wingnuts and large
washers too.
Now I put the ALL-THREAD through the wheel
hubs, and using the nuts and washers, fasten the
wheels to the shaft, as shown in the illustration.
I attach drivers and other garniture with wire
and/or nylon filament strapping tape. A good
brand of fountain for this is one called "Font", although the cone shape makes them a little difficult to attach.
It's vital to remember to drive the wheels in opposite directions. Or I'll drive them at two different speeds in the same direction, with some
extensions on the rearward, slower moving
wheel.
A 26" and 20" wheel may be successfully paired.
To mount it, I put the long end of the shaft
through a post, 2x4, or through a bracket on a 2"
diameter PVC pipe, then attach with washers
and a wingnut.
Finally I erect it in a safe place and ignite it at
the appropriate time. FMO3
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GROUND BLOOM
FLOWER WHEEL
One of the favorite devices at our Independence
Day Celebration is a Ground Bloom Flower
Wheel. This device is assembled using Class C
Ground Bloom Flowers (G.B.F.) for drivers. A
G.B.F. is classified as a ground spinner in most
catalogues and is manufactured by Red Lantern.
When lit on the ground they spin around forming
a lotus pattern in fire, changing colors from
green to red to yellow. The sound they make
when spinning is a low pitched hum.
To construct this wheel three wood laths
1"x1/4"x30" will be required. Also needed are six
packages or 36 G.B.F.'s, along with some white
glue, masking tape, 9 feet of visco fuse, a finishing nail, some string, and a 2" #12 or #14 round
head wood screw with washers. A festive wrapping paper is optional.
I start by laying down a bead of glue 12 1/2" long
on the end of a lath, then lay a G.B.F. on the glue
bead starting from the end of the lath, and
making sure the nozzle is pointing off to the side
so that it thrusts in the right direction. Then a

V1SCO
wrap of masking tape is placed on the G.B.F. to
keep it in place while the glue is drying. I continue laying G.B.F.'s end to end in the glue bead,
keeping the nozzles in alignment. When six
drivers are on one end, the lath is turned around
and the process repeated on the other end,
making sure the thrust will be going in the same
direction. Then these steps are repeated on the
other two laths, so that I end up with three identical pieces.
The next step is to find the center of balance.
When the glue is dry, each lath is balanced on the
tip of an awl or nail. When properly balanced the
lath will be horizontal, looking at the end and
edge. I mark the balance spot then drill a hole
the same size as the finishing nail, then glue the
centers of the laths together, using the nail as a
temporary axle. I try to get the ends as equidistant as possible. I clamp or tie the centers until
the glue is dry, then the nail is removed and the
hole is drilled out to take the screw. The whole
assembly should turn freely but not sloppy.
The G.B.F.'s are fused together by threading a
36" piece of visco through the twisted loop of fuse
on each driver. One piece of visco should tie
together all 12 drivers on one lath, and should be
threaded under the masking tape. It may be
easier to pull back the masking tape while connecting the fuses. When finished there should be
a few inches of slack in the center of the wheel. I
find the middles of the three fuses and cut them,
then take the six ends and tie them together with
a piece of string. Fused in this manner, the wheel
will burn from the center out to the ends.
The appearance of the wheel will be much improved by wrapping each end with some bright
wrapping paper. This will also ensure that the
visco doesn't go flying off because of the
centrifugal force, which is considerable.
I think it is best to mount the wheel to an arm or
some sort of stand-off from the post to make sure
that the wheel ends don't strike anything. This
wheel will have a lot of power and can be further
embellished with whistles or fountains. For ignition a string of firecrackers or a loud whistle attached to the center fuses makes an exciting
starter. CV
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EASY SUN
Here comes the sun! To make the sun come out
at night:
• Four (4) 2-ft. lengths of lath or light scrap
wood
• 8 Cuckoo fountains
• Tri-Rotating Wheel
• 10-ft. quickmatch
• 3" visco fuse
• Strapping (filament) tape
First I securely tape the fountains to the laths,
then put a nail through the center of the laths
and arrange the fountains into an eight-pointed
star. Next I attach it to a post or pole, then fasten the Tri-Rotating Wheel at the center of the
fountains. Then the whole thing is matched. I
put on the 3" length of visco as the initiating
fuse. Sometimes I'll put a 3 - 4" piece of visco in
to delay the fountains, so that the wheel goes for
a bit before the fountains kick in.
If I'm concerned about the next door folks, I'll
remove the whistles from the Cuckoos, and
remove any whistles on the wheel. This takes a
little thinking because if I just rip the whistle
fuse out, the whistles may take fire anyway, so
I'll remove the entire whistle.
For best effect, I keep my audience back at least
30 feet. This one is a crowd pleaser, and it's
made with consumer items, with a cost under
$7.00. I think the sun will be coming out at night
more often! See illustration.

VARIATIONS ARE EASY
It's easy to think of variations. For a "square
wheel", I take four 2-ft. pieces of lath and make a
square frame, then drill holes in the lath for
lances or Morning Glories. I attach the lath
square to a bike wheel with twisted wires. Then I
add some drivers, match it, and away we go!
Fountains (Cuckoo or other long lasting fountains) are a good additional garniture at the corners of the square. Starting the lances or Morning Glories first and using some visco to delay
the drivers for 10 -12 seconds is a nice touch.
LATTICES TOO

Small wheel in center
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Lattices are shown in Ron Lancaster's book and
can be put together easily from consumer
fireworks items, like Tri-Rotating Wheels and
Cuckoo fountains. Naturally, non-commercial
items will dress up any piece, and there's a lot of
consumer items to choose from if the shooter
doesn't have time to bang out his own gerbs.
FMO3

CLASS C REPEATERS
Things needed:
1) 1/2" i.d. x 3" long casings
2) 1/2" caps or plugs
3) 1/2" Easy Capper
4) Visco fuse
5) End glue or wood putty
6) Fg black powder
7) 1/2-teaspoon measure
8) Small funnel
9) 14-20 mesh Titanium sponge (optional)
10) Small stars, Jumping Jacks, Lady Fingers,
etc.
11) Tissue paper or cotton
Step 1: First I determine how long to cut the
visco because the fuse is what makes the project
work. I take the desired number of casings and
multiply by 3/4", then add 6". Then I measure the
fuse to that length and cut it as a 45 degree
angle.
Step 2: I make a hole through both sides of the
casing, 1/2" from the end, punching all the casings
at once. Then I feed some casings onto the visco
fuse. Using my Easy Capper, I cap the end that
has the visco through it. Then I push the tubes to
the far end of the fuse, leaving about 2" on the
end. It is important to thread the casings onto
the visco before capping. All casings are now on
the visco.
Step 3: Now I take the string of casings and
place them end up in a row. I mix up some wood
putty (or end glue if I have it), making the mix
fairly runny. Then I fill each cap and put the assembly away to dry.
Step 4: When dry, I lay the string of casings on
the bench, muzzle end toward me. I stand the
casings up one at a time for loading. I place the
funnel in the end and measure 1/2-teaspoon of
black powder into the scoop. Then I measure
1/4-tspn of titanium fines and mix with the black
powder. Then I dump this into the casing. Now I
add small stars or whatever I wish to produce the

desired effect. I have found that 5 or 6 stars from
a festival ball works great.
Step 5: Wadding is needed to complete the task.
I have found that toilet paper is a cheap, easy to
get wadding. I tear a piece in half and start folding it until it forms a 1" square. I tamp this wadding down lightly onto the stars. When all the
casings are filled, I roll the string of casings into
a bundle and wrap with heavy twine. That
finishes the repeater. JMcN

EXPLODING INSIGHT
Knowledge is sometimes hard to obtain. I would
like to share something that happened to me last
4th that added a lot to my fireworks knowledge.
I was preparing to shoot a three-incher out of a
steel mortar which was buried about a foot in
the ground. As I carried the shell toward the
pipe, I noticed that the piece of visco delay fuse
was missing from the top of the quickmatch. This
I didn't like, so I took the shell back and stuck in
another piece.
Back at the mortar, I inserted the shell, lit the
visco, did the pyro twist and headed for distance.
Then BOOM, the damn thing went off in the
pipe!
It flattened the pipe like a piece of paper, which
then struck the heel of my shoe, ripping it open.
I got to thinking that if I had been a step back,
the metal would have hit my leg; two steps back
and it would have lodged in my back, more than
likely killing me.
The moral of this story is to avoid using iron mortars, and if they must be used, they should be
buried flush with the ground, and/or sandbagged.
I was very lucky this time. DH
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THOSE CAPTIVATING CONES
aren't, however, easy beasts to manufacture
properly and after making a few I doubt if nostalgia alone would have motivated me to attempt
any more. But cones, I was happy to discover,
had a few advantages over the ordinary fountains and gerbs. One such advantage is that a
cone can stand on any flat surface without additional support, as opposed to other devices which
have to be pressed into the ground or be supported by other means. An even more important
advantage offered by cones is their characteristic
way of burning.
Fountains and gerbs have an almost consistent
burning rate. Cones, on the other hand, have a
burning rate which progressively increases. This
means that a cone starts off producing a small
shower of sparks which progressively gets larger
and larger until the cone burns out. This increase
in burning rate is very marked and cannot be
compared with other devices which are made
with tubes. To understand this phenomenon it is
a good idea to compare cones with other devices.

Background and Theory
Ever since I was a kid I have been fascinated by
those differently-shaped fireworks known simply
as cones, or, in some parts of the world, volcanoes. I remember them having such exotic
names such as Mount Vesuvius and Dragon's
Teeth. My allowance would only stretch as far as
the smaller ones on the market but I still remember my dad and uncle buying some really big
cones. I think they also tried their hand at
making them.
This bit of nostalgia drove me to trying my hand
at producing my own. An added incentive was
the fact that lately I couldn't find any authentic
cones on our local fireworks market. I once did
buy a cone which turned out to be a pseudo-cone,
a small choked fountain inside a thin cardboard
cone; another pyrotechnic rip-off!
Nostalgia is often a good enough reason on its
own to attempt anything pyrotechnic. Cones
20

Figure 1

Here I am going into a bit of a theoretical explanation. I myself do not like to get bogged
down in theory but this little bit is valuable
when one gets to tackling the "how to" part.
Figure 1 shows how a cone compares with an ordinary fountain made with a standard cylindrical
tube. The cross-sectional area of each is shown
related to a time period after ignition has
started. Note that this area remains unchanged
in the fountain while progressively increasing in
the cone. This cross-sectional area relates to the
amount of material actually burning at any one
time. In the cone this area increases exponentially; for example, the area after two time intervals is four times the area then after one.
All this means that properly functioning cones
need to be made to specifications not necessarily
found in other devices. Cones which are not
made to these specifications are prone to certain
problems which can severely degrade performance. These are:
- The nozzle or tip of the cone burns
away, resulting in a loss of pressure.
- The wall of the cone burns away, resulting in burning material spewing out sideways.
- The bottom of the cone is blown out,
resulting in the complete failure of the device.
This last problem is perhaps the most serious as
it results in a large mass of material suddenly
being ignited in a totally uncontrollable and unpredictable manner. Another problem when this
happens is that the casing can take off for the
wild blue yonder carrying with it burning
residue.
Yes, these problems can also affect fountains and
gerbs but to a far lesser extent. The higher pressure found inside a burning cone means that its
nozzle has to withstand greater forces than
choke in a fountain or gerb. This means that a
nozzle made from materials such as clay or
Plaster of Paris is often recommended. Such a
nozzle is mandatory in larger cones containing
hotter mixes. Can you imagine a large fountain
with only a cardboard washer for a choke?

Cone walls burn away more quickly than those of
comparable devices. This is because burning
materials inside a cone actually strike the cone
wall at an angle rather than merely flowing parallel to it, as in a tube. If you doubt that this makes
a difference try holding a blowtorch to a piece of
wood and vary the angle at which the flame
strikes the wood.
Another problem unique to cones is the problem
of plugging the case at the bottom. Cones cannot
be plugged as easily as tube devices because:
- The cone base has a large surface area.
- The walls taper outwards, meaning that the
plug is easily dislodged.
Looking at all these problems I have concluded
that cones require:
- A good nozzle which will not burn away.
- Thick walls which will not burst or burn
away.
- A strong bottom which has been firmly glued
in place.
The larger the cone, the more important it is to
give attention to these requirements. And talking
about cone sizes, here is probably the best place
to discuss how sizing affects the amount of composition needed.
If one rams a tube with material which fills two
inches of the tube, filling four inches requires
twice the amount of material. Do the same with a
cone and you will find that you need approximately eight times the material to double
up the filling depth! This is probably the reason
why some manufacturers don't fill their cone
cases with mix. One can calculate the volume of
the cone to a given depth by using the formula:
1.047 hr 2
where:

h = depth of fill
r = radius of the bottom plug
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Alternatively the formula can be represented as:
0.333 h x area of bottom plug.

Something else which is apparent from the formula is the rate at which the burning rate
changes. The burning rate is proportional to the
surface area of the material which is proportional to the radius squared. Thus the burning
rate at a depth of 2h will be four times that at a
depth of h. Other factors such as the nozzle being
burnt away or plugged up with dross would obviously have an effect as well. The base to height
ratio of the cone should theoretically also affect
its performance. The lower this ratio the closer
the cone approaches an ordinary cylindrical tube.
Personally I have not yet made any meaningful
comparisons in this regard, but will possibly do
so at a later date.
So much for the theory. We now move on to the
second part of this discussion on cones: how to
make the cases.

Figure 2
This is the standard formula for the volume of a
cone. This formula can be derived from first principles using integral calculus, but I think we'll
give that a miss. Just as a matter of interest the
second representation of the formula also holds
for pyramid-shaped devices. If we throw in a bit
of geometry we note that two things stand out in
the formula if we increase the filling depth. First,
if we double the depth we increase h to 2h. Our
geometry (il-lustrated in figure 2) tells us that by
doing this we change r to 2r and the final result
is:

1.047 (2h) (2rr
which calculates out to
8 x l.047hr2
or eight times the original volume.
I said approximately eight times earlier on. In
practice it is never exactly eight because the formula assumes that the cone tapers to a dimensionless point, which it does not. So doubling the
filling depth actually requires, in practice,
slightly more than eight times the material.
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How to Make the Cases
In making my own firework cones I have explored two options for obtaining the necessary
cone-shaped cases. The first option was to make
my own, the second was to obtain some readymade paper cones. This first option has been the
more difficult and time-consuming. Obtaining
ready-made paper cones has also not been easy as
they are not nearly as much used as paper tubes.
However, there is one industry which uses paper
cones extensively. This is the textile industry.
Various types of textile yarns are wound onto
paper cones. This applies both to yarns used in
textile factories and those supplied to home
users. So the person one might trouble for these
could be one's wife, mother or someone in a textile factory. I finally got some textile cones from
my sister who works in a textile factory.
Ready-made cones should have certain features
for firework use. First of all they should be made
of paper (not plastic). Secondly they should be as
tough as possible, i.e., they should not be too
thin. They should also preferably taper to a narrow point. I have seen some which taper to a
point about an inch wide. Ideally the point
should be narrower than this.
Ready-made cone cases are certainly a nice-to-

have, but suffer from certain disadvantages.
Availability might be limited and subject to the
goodwill of the suppliers. They also do not offer
much versatility when it comes to size and shape.
One does have more freedom if one opts to "roll
one's own". Personally I have chosen to use both
ready-made and homemade cone cases, and thus
have the best of both worlds.
The first challenge in making one's own cone
cases is to find a suitable former. Yes, it can be
turned out of metal on a large lathe, but this
works out to be expensive. My first cone former
was a small plastic cone borrowed from my
daughter's set of sandcastle shape formers. This
worked fine for small cones. Subsequently I have
discovered a few other potential formers, including a plastic rain gauge (for the really big ones).
One can always make his own formers from inexpensive materials and without specialized equipment. A third option is to make a type of cone
which does not need a former at all. This is a subject in itself and I'll deal with that in a separate
article. What follows is a description of the
second option.

Making Cone Formers
I use good old plaster of Paris to make cone
formers. The plaster I have experimented with is
a good dental grade but other grades might work
equally well. One needs to, of course, find a coneshaped former to pour the plaster into. I opted
for some cone-shaped paper drinking cups.
First of all I found a glass bottle which had an
opening just slightly smaller than the diameter
of the mouth of the cup. I then suspended the cup
in the bottle and poured in the plaster. Then I
tapped the bottle vigorously to remove any
trapped air bubbles in the plaster. After drying
thoroughly and removing the paper cup from the
plaster I gave the plaster a couple of good coats
of stone floor sealer. This is essential to prevent
the plaster getting wet when making the cases. It
also effectively hardens the surface of the plaster.
This process does not produce a perfectly formed
cone as the paper cup tends to bulge slightly. The
cone also has some indentations where the paper
cup comes into contact with the bottle. But it is
good enough for the purpose and I have made

some good cases from these less-than-perfect
formers.
Note that a glass bottle might be ideal for
making the cone former but is a definite no-no
for holding the former when filling it with mix. I
used to use bottles this way but had a serious
rethink after making a cone which detonated!

Making the Cases
The first step is to determine the actual size of
the cone former by measuring the distance from
the former's tip to its base. I then cut circles from
some kraft paper with radii about half an inch
smaller than the size of the former (from tip to
base), I then make a straight-line cut in each
circle from somewhere on its circumference to its
center. I then cut a small hole with a radius of
about quarter of an inch in the middle of the
circle. The next step in my process is to liberally
apply some flour paste to the former. Lots of
paste here ensures that the case will separate
easily from the former. Paste is applied to one of
the kraft paper circles which is then wrapped
around the cone. I have found that a bit of practice is needed to ensure that the paper lines up
properly. I try to get the outer edge of the circle
to follow itself around the cone without spiraling
towards the tip. In practice a little bit of spiraling is hard to avoid and I just aim to keep it
within limits of about an eighth of an inch deviation from the base of the case. Sometimes I find
that I need to unwrap and rewrap the paper
circle a couple of times before I get it to line up
properly. I then repeat the process with one or
two more circles depending on the paper thickness and the actual base to height ratio of the
former. I tend to vary to final thickness of the
case according to the size of the cone and the mix
used to fill it.
When I have finished wrapping the paper circles
around the former I remove the case by grasping
the bottom of the former in one hand and twisting it off the former with the other. If I have applied enough paste to the former the case comes
off without any trouble. I then let the case dry
for a couple of days. My cone cases are thus dried
off their formers. I find that very little distortion
occurs in the cases if they are dried reasonably
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slowly. One could possibly get slightly better
results if the cones are left to dry on the formers.
Here one might also be able to dry them more
quickly, i.e., in the sun or in a drying oven.
When the cone cases are dry I then make a 1/8"
to 3/8" hole in the tip of the cone. The size of hole
depends on the size of the cone and the mix it is
filled with. I make this hole by slicing off the tip
of the cone with a modeling knife. The cone cases
can be used as is but will be subject to the
problem of their tips burning away. There are
several ways of getting around this problem.

Strengthening the Tips
A simple method to strengthen the tip of the
cone is to dip it in a saturated solution of sodium
silicate. This should not be confused with sodium
salicylate which is used in whistle comps. The
common name for sodium salicate is water glass.
I find that this method is often adequate for
small cones which contain mixes which burn at
relatively low temperatures.
Another method I have tried is to stick extra
layers of paper/cardboard over the tip. Here I effectively wind another smaller cone over the tip
of the larger one.
The third method is to make a nozzle out of clay
or similar material. I have opted for plaster of
Paris.
To make the required hole in the nozzle I use a
golf tee. I have experimented with two different
methods and will describe both. In the first
method I coat the tee with a thin film of Vaseline
and insert the tee in the tip of the cone from the
tip end. The tee is pressed in as far as it will go,
ensuring a tight fit. I then make up a mix of
plaster of Paris and water, and spoon some of it
into the tip of the cone. The second method is the
reverse of the first. Here I first spoon in the
plaster of Paris and then insert the tee from the
base end of the cone. This method is a bit more
difficult than the first method and thus a
detailed description is in order.
This second method does not plug the tip of the
cone before the plaster is put into it. To stop the
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plaster running out I simply place the tip of my
forefinger over the tip and insert the golf tee
with my other hand. This is actually the tricky
part. Some of the larger, more narrow cones
don't have enough room to get one's hand or
even one's fingers into them properly. Here I use
a short stick to press the tee into the plaster until
its tip protrudes from the tip of the cone and fits
tightly. Spooning in just the right amount of
plaster of Paris also requires a bit of practice
before getting it right.
I now (with either method) tap the end of the
cone and wiggle the golf tee around slightly to
get rid of air bubbles. This is particularly critical
in the second method.
After the plaster of Paris has solidified I gently
twist the tee and then remove it. The plaster is
now allowed to dry thoroughly. The resulting
hole may or may not be wide enough. If it isn't,
one can carefully drill it out to the required hole
size.
Why use the second method one might ask? It is
certainly more of a pain-in-the-neck than the
first! It does, however, have a big advantage in
that it creates a tapering hole which has its
largest end on the inside of the cone. This allows
burning material to flow more freely and helps to
prevent the hole being plugged up with dross.
Once the tip has been prepared the cone is ready
for filling.

Filling the Cases
Before filling the cone with comp I usually put in
the fuse. My preferred method is to insert the
fuse and then stick it in place with about a
teaspoon full of damped comp. I allow this comp
to dry before putting in the rest of the comp. I
now have a fuse which will not easily fall out and
which rarely fails to ignite the comp.
I now place the cone, tip downwards, in a short
paper tube which is strong and sturdy enough to
hold it. Note again I do not use a glass bottle for
this purpose just in case the comp ignites while
filling. Certain plastic bottles or tubes could also
be used for this purpose. I fill my cones to a

THE BEST OF AFN III
predetermined depth which is determined by the
size of bottom plug which I am using. I take care
not to put in too much comp because this results
in the bottom plug not fitting tightly. It's not possible to ram cones like one does with tube devices
and I simply press the comp down firmly with a
one-inch brass former or dowel stick.

of construction. Different compositions, and how
they affect cone performance, will be the subject
of a future article. IvM
Fuse

Nozzle

Plugging the Bottom

Damped
comp.

Plugging the bottom properly is very important.
Failure to do so can result in the bottom being
blown off very soon after the comp has started to
burn. Small cones, with relatively thin walls, are
more easily plugged than the larger cones. Here I
just firmly wedge in a thick cardboard disk and
then fold the ends of the cone base over the disk.
The larger cones require a different technique.
I cut four cardboard disks for the larger cones,
two from thick cardboard and two from thin. The
thick disks are cut to the required base diameter
and the thin disks to a diameter about an inch
wider. I press one of the thick disks into the bottom of the cone. My preferred method here is to
press the disk into place with the bottom of a
plastic tumbler. I then smear a generous amount
of Elmer's glue over the area where the disk
comes into contact with the wall of the cone.
After the first disk has been glued into place I
take the second thick disk and glue it to one of
the thin disks, positioning it in the center of the
thin disk. I then cover the other side of the disk
with glue and press in into the base of the cone
so that the thin disk is sandwiched between the
two thick disks. Finally I glue the second thin
disk in place and let the glue dry. Figure 3 shows
a cross section of the completed cone with the
disks glued in place.

Comp.

Figure 3

TIP OF THE MONTH
In my endeavors dealing with experimental
shells, I may have a novel idea pertaining to caps
for piped quickmatch leaders. I purchase 1/4" plastic soda straws and cut them 3" in length. Then I
take a candle and hold one end of the straw near
th flame to melt the end. Then I press the end
closed against a formica tabletop using a small
steel bar approximately 1/2" x 4". These straws
can then be fitted to the bare end of the piped
match for a tight form fit. This does away with
paper caps, if they are not available. PG

Some of the procedures I have described might be
an overkill, depending on the size of the cone and
the comp used in it. The larger the cone, the
more critical it is to pay attention to the method
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PYROTECHNIC SERPENTS
Pyrotechnic serpents employed in aerial shells
are an interesting addition to nearly any type of
star effect. They can be easily made and cost very
little. The only drawback is that they are somewhat tedious to construct. Like many pyrotechnic devices, the builder needs to find ways (if
necessary) to overcome this. In this article I will
explain how I construct these devices and suggest
some tips for possible mass production techniques.
FIGURING THE SIZE
The first step in building serpents is to decide
what size shell they will be destined for. Small
serpents tend to get lost in the sky when
employed in large shells and large serpents will
overpower the primary effect in small shells, so
some forethought is required. I have found that
3/8" i.d. x 2-3/8" are a good size for 3" shells. For
larger shells the size can be scaled up accordingly, but for the purposes of this article I will
describe the 3/8" i.d. size only. The basic procedures will be the same for the larger sizes, with
the exception that the larger sizes allow room for
the addition of a report effect, if desired. This is
simply a charge of flash powder [the traditional
"bounce" added to serpents is done with black
powder - ed.] that is added after the serpent is
rammed.

whenever a tube is wet rolled by hand some
shrinkage will occur. It is helpful to compensate
for this before hand, so that standard sized rammers and nipples may be used.
An alternative to the above is to buy pre-rolled
casings. These can be purchased already cut to
the desired length and save a considerable
amount of time, although the expense is greater.
A way I have found to reduce the price of prerolled tubes is to buy them uncut. These are then
cut to the desired length using a band saw or
similar tool. However, I have found a way to cut
these to length by hand that produces a finish cut
superior to a band saw, although it is somewhat
slower. The process is as follows: First, I mark
the lengths to be cut on the outside of the casing.
Next, I procure a dowel the same diameter as the
i.d. of the tube. This is slid inside the tube. The
tool used to do the actual cutting is an automotive hose cutter, although a similar type used by
plumbers to cut PVC tubing will work also.
These are plier-type affairs, except one jaw is a
razor. I simply line it up on the mark previously
made and squeeze while rotating the tube. A
clean, flush cut is quickly produced. The dowel
inside the tube keeps the inner layers from being
pushed inward from the clamping force applied.
This method has worked well for me and a
hundred or so tube lengths can be cut in an hour
or so.

TUBE IS MOST IMPORTANT
The 3/8" tubes required may be hand rolled using
kraft paper and white glue or pre-gummed kraft
packing tape. A 24" piece of 501b. kraft is what I
have found to give good results. When these
tubes are hand rolled I find that after they dry
their diameter is slightly smaller than the former
that was used to roll them on. This is due to
shrinkage of the tube while drying and may require that a non-standard sized rammer be used
when charging them. Lacking a lathe, I find that
reducing the diameter of an aluminum dowel to
be a tedious process. Instead, I roll the tubes on a
former that is slightly larger than 3/8". When
they dry, a standard 3/8" aluminum dowel will
slide smoothly inside them. I have found that
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I have found the selection of the tube a somewhat trial and error process. The problem is that
the tube needs to be strong enough to withstand
the high interior pressures generated, but not be
heavy. A heavy tube, especially in the smaller
sizes, will not have enough thrust to overcome
the force of gravity and will tend to fall to the
ground while spinning, a sort of "helicopter in
reverse" effect. On the other hand, too light a
tube will tend to detonate or deflagrate. The size
of paper for the hand rolled tubes I mentioned
earlier is a balance between strength and weight
which leans towards the "too heavy" side. If the
reader employs a composition which is less aggressive than the one I will mention later, the

tube should be made with correspondingly less
paper.
The machine-made tubes that may be bought
from the various pyrotechnic suppliers are
generally described as to what particular application they are intended for and should be selected
on that basis. However, since these are already
made, their weight and strength cannot be easily
altered. Consequently, compositions employed
with them may need to be made more or less
vigorous in terms of their burning speed. At any
rate, the machine-made tubes selected should be
the parallel wound type.
Attention to variables that cause excess weight
should extend to the plugs or nozzles used at
either end of the tube and to the amount and
type of composition as well. One end of the tube
is usually plugged with clay, even if it is not the
nozzle. The other end can also be plugged with
clay, but this is not necessary. A considerable
weight savings may be realized if a lighter
weight plug is used - a paper end cap perhaps.
Too much or too heavy a composition is also undesirable, unless it can produce enough thrust to
overcome its additional weight. These variables
need to be worked out on an individual basis by
trial and error before large quantities of devices
are constructed, for obvious reasons. Hopefully,
the method of construction of the serpents I'm
about to describe will serve as a starting point.
CHARGING THE TUBE
Now that I've selected a tube, the next step is to
construct or purchase a nipple and rammer. A
nipple is simply a short length of aluminum or
wood dowel that is set into a base so that it only
protrudes 1/4" above the surface of the base. The
base may be made of any convenient material
(wood, aluminum, etc.) and need only be 2 - 3"
square and 1/2 - 3/4" thick. The diameter of the
nipple is the same as the i.d. of the tube. The rammer is a length of aluminum or wood dowel the
same diameter as the nipple. Any length that is
comfortable can be used and 5" - 6" is a good
choice. However, if it is to be pressed with an arbor press, it will need to be short enough so that

the base, tube and fully extended rammer will fit
between the base and ram of the press. For the
purposes of this article, the ends of the nipple
and rammer are flat, although shaped nipples
and rammers are discussed at the end of this article. One end of the rammer can be cross drilled
so that an appropriate sized steel rod may be inserted. This will serve as a sturdy handle, so that
if the rammer should become stuck in the tube, it
can be easily removed.
If the tubes are to be charged with a hammer, it
should be non-sparking and weigh about 1/2 lb.
Due to noise considerations, I use an arbor press.
Imported arbor presses in the 1/4 - 1/2 ton sizes
may be purchased rather inexpensively and come
in handy for other pyrotechnic manipulations as
well. Careful attention needs to be paid to the
working height of the press. This is the height
between the base and the ram. On smaller
presses this is only 4 - 5 " and may be too short
for pressing larger serpents and rockets. If an arbor press of this size is purchased, it should have
an open base. This will allow one to bolt an extension to the base so that taller devices may be
pressed with it. Of course, simply purchasing a
larger press also would eliminate this problem
but the expense is greater.
MY FAVORITE COMPOSITION
The formula I use for the smaller (3/8" i.d. x
2-3/8") serpents has been determined through
trial and error. It is a flexible formula in that it
can be made to burn faster or slower depending
on the ratio of hand made meal to 4Fg.
The formula:
Hand Made Meal w/5% Dextrin
4Fg
Titanium, Cut -40 Mesh

40%
60%
+12%

112g. will make about 30 - 32 serpents.
To begin the actual construction of the serpents,
I first place a tube on the nipple. A small funnel
is placed in the tube and 1/4 tsp. of bentonite clay
is charged. The funnel is removed and the ram-
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mer inserted. The assembly is placed under the
ram of the press and, steadying the assembly
with a gloved hand, the press is operated with
the other. The amount of force applied is rather
subjective, but with a small press I generally
apply force until the clay can be compressed no
further. I would not recommend using that much
force with a larger (over 1/2 ton) press. The assembly is removed from the press bed, the rammer withdrawn and the tube removed from the
nipple. I now invert the tube and shake out any
loose clay. A point on the outside of the tube just
above the level of the clay is ascertained and
marked. Using a 3/16" drill bit, I now drill a hole
through the side of the casing on this mark. A 2"
piece of black match is inserted in this hole until
it is against the opposite wall of the tube. I bend
it up the side of the tube and tape in place. The
tube is returned to the nipple and 1/4 tsp. of composition is pressed in the same manner as the
clay was. This is repeated a second time for a total of 1/2 tsp. of composition. Another 1/4 tsp. of
clay is pressed in or, as mentioned earlier, a
paper end cap may be glued in. I now slurry
prime the black match and press it in 2Fg, although this step should be omitted if the serpents are to be hand fired. The serpent is now
complete.
MANY VARIATIONS POSSIBLE
It should be noted that the above is a basic
description that can be modified in many ways,
depending on the effect desired. The most influential variable, besides the composition and
weight/strength of the tube, is the angle and size
of the hole. Anything from a hummer to a
corkscrew effect can be achieved by manipulating
this.
A hummer usually has a hole drilled at a tangent
to the tube bore, but at a right angle to tube wall.
Additionally, the titanium is eliminated and the
composition made as fast burning as possible.
The hole size may be reduced to increase the
thrust to the maximum that the tube can handle
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without exploding. Additionally, the hole can be
relocated to the center of the tube. This will
produce a device that spins on its axis with such
force that a loud humming sound is generated.
A corkscrew effect is obtained by drilling a hole
at a tangent to the tube bore and at a slight
angle relative to the tube wall. The hole is located at the end of the tube, but still on the side
of the tube. The titanium is retained in the composition and to prevent the hot sparks produced
by it from enlarging the hole, a "U" shaped
charge of clay is rammed at this end and the hole
drilled through it. When ignited, the tube will
spin and shoot forward, leaving behind a trail of
titanium sparks in a corkscrew pattern against
the sky.
A more erratic serpent type effect may be obtained by drilling the hole into the center of the
bore and at a slight angle relative to the tube
wall. The titanium and "U" shaped clay charge
are used and the hole is drilled at the end of the
tube wall. The serpent will squirm this way and
that, tracing an erratic pattern in the sky.
The pattern produced by a hole drilled in the center of the bore and at a right angle relative to the
tube wall (as I described in the construction of
my small serpents), is a looping sort of corkscrew
that makes the most of those small devices.
The larger sizes of serpents may have the holes
bored in the end of the tube and have nozzles
similar to rockets. Frequently the holes are at
some sort of angle in order to produce a
corkscrew or similar pattern.
Serpents may be mass produced by simply
fabricating multiple nipples and rammers that
are fastened to a common base or ram. This
speeds production and lessens the tedium associated with the construction of large numbers
of these devices. SAR

GLITTERING REPORT TOURBILLIONS
Both comps are screened two or three times. To
make ramming the base mix easier, I usually
dampen it with about 12% water, then push it
through a 20 mesh screen onto sheets of newspaper. The granules are left to dry for about
two days. The base mix granules should be soft
enough to be crushed between two fingers; if
not, the percentage of water is decreased.

clay plug. Once again, I use extreme caution
when drilling into aluminum mixes, keeping all
live items away from the work area!
After drilling, the tourbillions are ready for
priming. Meal powder, or some of the base mix,
is mixed with water until a slurry the consistency of toothpaste is produced. This slurry is
then spread into the drilled hole, and over an
area about 3/8" square on the surface of the
tube, to ensure ignition of the tourbillion.

For granulating the glitter mix, I use a somewhat unconventional solvent system. I add
about 10% water, then an additional 6% acetone or petroleum paint thinner. Using an in- Once the priming is dry, I add the report
soluble liquid has the advantage of not affecting charge. For safety's sake I prefer to use a barthe solubility of the dextrin in the water, like ium nitrate/pyro aluminum/sulfur flash, with
alcohol would, but it still produces harder gran- perhaps a few percent antimony sulfide. But
ules and speeds drying. The dampened glitter the added punch of perchlorate report comps is
mix is well kneaded and forced through a very a nice feature. Chlorate flash comps I would
coarse screen with openings of about 3/16"; this never use, especially in the presence of sulfur!
screen is available at most hardware stores. I funnel in the flash, leaving 3/4" empty at the
Then I would spread out the granules on news- top of the tube. Next I glue in the end plugs. If
paper and allow them to dry for at least two the proper end plugs are not at hand, a tube
days. When both the hard glitcan be closed using a different
ter granules and the softer base
method. A dulled knife is used to
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TOURBILLION CANDLE CONSTRUCTION
Roman candles have always been a favorite of
mine since I was a kid. Not just plain colored candles but fancy candles like Happy Bee and Stars
with Reports. In this article I'll explain how I
make a tourbillion candle, sort of like a Happy
Bee but with a gold effect. I call it "The Dancing
Spider Candle".
I start by rolling a 12" long tube out of a piece of
12x12" kraft paper bag. I use wallpaper paste,
homemade paste or white glue. The former is a
3/8" steel or brass rod. I cover it liberally with
paste so the tube doesn't stick. I let the tubes dry
thoroughly before loading.
I make the tourbillions by getting a roll of
gummed paper tape, the dry kind that is activated by water. It usually comes in 3" wide rolls
and is good for making many small sizes of convolute tubes. I cut a bunch of pieces 1" square. I
use a 1/4" brass rod, wet the paper and roll the
tubes. I always remember to keep the rod wet or
the tubes will stick. Before I remove the tube, I
slide it to the end of the rod so approximately
1/8" of the tube length can be crimped over the
end of the rod. I tap the crimped end of the case
on a firm surface to seat the crimp, then slide the
tube off the rod and let dry. The tubes are filled
with a medium burning meal powder (polvorone
works best). I slide the 1/4" rod back into the tube
on top of the powder. The powder is compacted
by holding the rod and tapping the tourbillion
on a firm surface. Then I remove the rod and
repeat the filling and compacting process until
the tourbillion is almost full. Rod and funnel may
work well also to fill the tubes. Now I crimp the
open end to close the case. The finished tourbillion should be 5/8" long although they can be
made up to 7/8" long. Now I take an awl and
punch a small hole about 1/8" from the end into
the side of the tourbillion. I place a 1/2" long piece
of tissue fuse in the hole and put a small piece of
masking tape over the hole. Only a small piece of
fuse needs to be bare for the tourbillion to light.
See Figure 1.
The tissue fuse I use is made of model airplane
tissue. The tissue from the craft stores just won't
work. I cut strips 3/4" wide and as long as I like.

I wet the strip with a solution of meal and water,
then dust lightly with meal powder. I weight one
end of the tissue so it won't move and pick up the
other end and twist until all the tissue is rolled
up tightly. I allow the fuse to dry and cut it to the
desired length.
The candle composition used for the fountain effect between the tourbillions is made from a formulation in Weingart's Pyrotechnics. The formula below has been converted from its original
form of pounds to ounces.
Potassium nitrate
Charcoal, fine
Flowers of sulfur
Dextrin
Water

11 oz.
7
4
0.64
5 oz. by volume

After I sieve the dry ingredients three times
through a 30 mesh sieve, I add the water and run
the wet mix through a window screen, then dry
in the sun.
With all components ready I begin the construction. I plug the bottom of the candle tube with 1/2
teaspoon of clay and ram it tight, then insert Vi
teaspoon of hot homemade polvorone or 1 scoop
of 2Fg black powder. The scoop size is 1/4"
diameter by deep. Now I place a tourbillion in
the tube and m1/4"ake sure it sits on top of the lift
charge. I place 1/4 to 1/2 teaspoon of candle composition in the tube and ram with six light blows
of a small mallet. I repeat this process until the
candle is full. It should hold 4 to 6 tourbillions,
depending on the length of the tourbillion and
the amount of candle composition used. I find it
important to use just a little more lift on the last
2 or 3 tourbillions due to the increasing shortness of the tube. This reduces the pressure buildup and therefore more lift is needed (about 1/2 as
much more than the first few lifts works well).
After I ram the final scoop of candle composition,
I place a tissue or visco fuse in the tube so it
touches the composition, making sure the fuse
extends far enough out of the tube for 3 to 6
seconds of burn time. This tourbillion candle
needs no internal fusing. Ignition of the lift by
the candle comp, which is separated by the 5/8"
length of the tourbillion, seems to never fail. MP

GLITTERING
SPARKLERS
Over the past ten years or so, I have run the
gamut of fireworks from fountains to 12" round
shells with a few Dragon Egg's thrown in. Well,
here I am back to one of my first loves, sparklers.
Over the years I have tried many sparkler formulas, but there is only one that stands out to
me. It comes from Tenney L. Davis' The
Chemistry of Powder and Explosives, pg. 117.
To produce these beautiful sparklers I use the following formula:
Potassium Nitrate
Sulfur
Antimony trisulfide
Dextrin
Barium Nitrate
Charcoal (Air float)
Aluminum, 12 micron

10
10
10
17
10
5

- Bamboo skewers 12".
- PVC pipe, 1" i.d. or larger, 14" long, plugged at
one end.
- A funnel to fill the PVC pipe with the sparkler
composition.
- Staple gun to attach bamboo skewers to a 1x2
for dipping.
I mix 500 grams of this composition to produce
about 100 sparklers. The mix is moistened until
it sticks to the bamboo and is smooth. I retain
about 50 grams of dry composition for adjustment of the mix. When the comp, is mixed, I fill
the PVC pipe with comp, and dip the bamboo. I
dip the sparklers at least 3 times, with about 30
minutes between dipping, depending on the outside temperature. Then I dry them for three or
four days and ENJOY.
Just one hint: I find these sparklers to be extremely flammable. To stop back fires on these
sparklers, after they have completely dried, I
spray them with a 10% nitrocellulose lacquer
solution. BJV
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SMOKE OF A DIFFERENT COLOR
The Best of AFN II contains some iodine-based
smoke formulations. Bennett's Chemical Formulary, published by Chemical Publishing Co.
has some too. Let's have another look at iodinebased smoke.
The formulas given in the Chemical Formulary
have very little descriptive text, and little
reference to their origins. For example, one
volume contains a lot of pyrotechnic formulas
which have obviously been obtained from Weingart but with no reference to any of Weingart's
work. Fortunately, the iodine-based smokes
given have patent number references and thus
more information can possibly be obtained by
consulting the original patents.
None of these formulas use iodine itself but
rather use iodine compounds in the form of
iodides or iodates. Here they are:
PINK SMOKE
(ref. The Chemical Formulary, Vol. V, 1941) U.S.
Patent 2,091,977.
Formula #1
Calcium salicide
Potassium iodide
Potassium chromate

4
6
1

Formula #2
Magnesium
Calcium iodate
Potassium chlorate

5
13
2

SMOKE FORMING COMPOSITIONS
(ref. The Chemical Formulary, Vol. XIII, 1967)
U.S. Patent 2,995,526.
Most of these formulas took the form of metallic
salt, alkali iodate, alkali iodide, alkali chlorate or
perchlorate, sulfur (depends on metallic salt
used).
Similar formulas were obtained by substituting
other halogen (fluorine or bromine) compounds
for the iodine compounds. These are beyond the
32

scope of this discussion. Some examples of these
formulas are:
Lemon colored smoke
Calcium stearate
Potassium iodate
Potassium iodide
Potassium chlorate

3
5
5
17

Deep Violet colored smoke
Cuprous oxide
1
Potassium iodate
1
Potassium iodide
1
Potassium chlorate
2 - 2.5
Sulfur
1
(This mixture burns with a blue flame).
Yellow-Green colored smoke
Antimony powder
0.8
Willow charcoal
0.5
Potassium iodate
1
Potassium iodide
1
Pale Peach colored smoke
Cadmium stearate
3
Potassium iodate
2-3
Potassium iodide
2-3
Potassium chlorate
9-11
(Cadmium ricinoleate can be substituted for the
cadmium stearate. The smoke color varies between pale peach and flesh colored).
Pink-White colored smoke
Copper stearate
5
Potassium iodate
4
Sodium iodide
2
Potassium chlorate
15
(Gives a pink-white smoke streaked with orangebrown).
Heavy White smoke
Barium stearate
Potassium iodate
Potassium iodide
Potassium chlorate

3
2-3.5
2-3.5
10-15

Gray to Orange-Brown smoke
Ammonium iodide
1
Ammonium carbonate
0.5
Potassium iodate
0.5
Potassium iodide
1
Potassium chlorate
0.5 -1.5
Sulfur
1
(The smoke color depends on the amount of
potassium chlorate. If only 0.5 parts are used, the
smoke color is gray tinged with yellow. This
changes to gray tinged with green and an orangish color as the amount of potassium chlorate is
increased. If 1.5 parts are used, the color is
orange-brown.)
By no means are these the only iodine-based formulas given. Others used compounds from the
more exotic elements such as beryllium, bismuth,
cerium, cobalt, columbium, germanium and gold.
Such compounds would not only be hard to find,
but in some cases, prohibitively expensive.
Note that some of these formulations use both
chlorates and sulfur and should be treated with
the extreme caution needed. Note too that potassium iodate is a powerful oxidizing agent. Certain formulas which contain toxic substances
such as arsenic have been deliberately omitted
but this does not mean that the smokes produced
by the formulas given are safe to inhale. Antimony is toxic and it is not advisable to breathe
in smoke from a mix containing antimony.
Similar precautions are advisable with mixes containing any metallic salt. It is best to err on the
side of caution and avoid breathing in any of the
smokes described here.
I have not tried any of these formulas and personally doubt that they provide viable alternatives to the tried-and-tested dye-based formulas.
ImM

FIRE BALLOONS
This is for all you pyros who don't have access to
chemicals or Class C items. This idea was
demonstrated to me by Nancy Henk, of Detroit.
Her father, Alfred, during WW II found himself
without fireworks and with a family to entertain
one 4th of July evening.
The effect: A fiery ball ascends, turning into a
glowing orb with faces and cracks of volcanic
rivulets changing with each moment until finally
breaking up 50 - 75 feet in the air. Perhaps I missing my calling and should exercise hyperbole by
writing descriptions for fireworks catalogs.
Anyway, here's how it's done:
I take a common double sheet of newspaper (a
single sheet, that is) and cut off a strip along one
side so that I end up with a square sheet of
newsprint. Then I bring all four corners together
so that they very slightly overlap. I sew them
together with needle and thread; one or two
loops will do. I've even used rubber cement with
success. At this point I have an unfolded envelope
joined at the center. (By unfolded I mean that it
should have no creases). That's it.
I take this loose, bag-like construction outside,
far away from flammables or buildings, and
make sure there is no wind. I place the fire balloon so that the slits and sewn area are resting
on the ground. Now here's the trick - light all
four corners at once. This may require a friend's
help.
As the fire balloon lights and consumes itself, the
heat and sudden lightness cause the still-burning
ash to take off vertically and zoom gracefully
upward with surprising speed. The colors are
mainly yellows and golds. I wonder what the addition of some artificer's powder would do for its
limited palette.
Something's amiss if it takes more than a few
minutes to construct a fire balloon. And when
you watch it glide into the heavens, think of a
4th long ago when there were no fireworks to be
had, and a child's memories which bring this
story to you on this Independence Day. eeh
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MICRO MINES
Micro mines are miniature fireworks. Like larger
mines, they can produce a variety of effects.
Micro mines are not limited to the special formulas for micro stars that work in fountains. Virtually any star formula can be made into these
micro stars and produce beautiful effects, but the
main difficulty is ignition. As a rule, the micro
stars will not light without priming, which must,
of course, be coated on the micro stars. Pulverone, H3, and perchlorate-charcoal primes will
all work.
The mines are made of common 1/2" bore, 1 1/2"
long spiral wound tubes, such as may be used in
salutes. All sorts of wad and load techniques
were tried with different micro star formulas
with poor results until a special nosing of paper
was added to the tubes before they were glued to
the wooden boards. This nosing must extend
beyond the body of the tube for two or three
inches. The tubes are charged with grain black
powder, very small charges, then about half filled
with primed micro stars.
The real trick is the special folding of the paper
nosing: three or four creases, collapsing the
nosing tube, a slight twist, and folding over a
little above the main tube.
The best fusing results were obtained by fusing
from the top of the mine tube, piercing the
nosing near the mouth of the main tube. The unfolding of the paper nosing takes just enough
time to ignite the priming, without producing too
much pressure. Fast and violent prime, such as
H3, may eliminate the need for other propellant.
These little mines are quiet and produce a nice
effects. They can even be reloaded.
With electric ignition, small boards equipped
with a good number of these mines make a nice
ground piece. Since the tops are fairly well sealed
against fire from neighboring tubes, they can be
fired like a comet rack, with visco fuses taped to
a long piece of visco that reaches all the tubes.
Gummed paper tape can be used to make the
nosing. The tubes can be simply glued to a board
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or equipped with pieces of dowel and the units
stood in holes drilled in a board. The dowel technique makes reusing and renosing easy.
The most important tricks are to light the top of
the star charge, and the technique to crimp and
fold the paper nosing.
This is an excellent beginner item and perfecting
them is a challenge in priming and ignition.
Skills developed have obvious uses on other
micro star fireworks. RK

ENHANCING
SUCCESSIVE HAPPY
NEWS EFFECT
At the very end of a PGI convention, I ran into a
friend on the way to the storage facility and he
showed me a pack of 180 Successive Happy
News. He said, "You really ought to try these they make a bright color just before the noise." I
must say that I found his description hard to imagine, and in the midst of mental retroengineering, I bought a pack. Sure enough, they
did the hard-to-imagine feat of shooting two balls
of color before the bang.
The effect is simple enough to produce. It involves inserting a lady cracker into a paper straw
and then putting two round 1/8" mag stars on top
of the cracker with a bit of wadded paper to hold
it all together. The fuse lies between the straw
wall and the stars so as to light them first.
Here's a really great effect I made with these
crackers. I tied a long pack of 180 onto a vertical
wheel, then fused it so the crackers would start
about 5 seconds into the wheel rotation. The
centrifugal force threw the mag stars in a 10-foot
circle around the wheel, giving an effect that will
be long remembered after the show was over. I
tied the crackers to the diameter of the wheel,
not the circumference, eeh

PROBLEMS WITH GOLD SPARKLER
MANUFACTURE AND COATING ALTERNATIVES
FOR COMPOSITIONS CONTAINING
IRON/STEEL POWDERS.
Just before the holidays, I attempted to try my
hand at making some sparklers. I had intended
to give them out as Christmas gifts (stocking
stuffers). But, due to the inevitable pitfalls that
await the hobbyist at his first attempt at anything, it was the beginning of January before I
was able to make any that were even ignitable.
So much for stocking stuffers! The purpose of
this article is to point out some of the problems
that I encountered and how others who may wish
to construct these devices might avoid them. It
bears mentioning that, although there are a number of fine books available on the subject of
pyrotechnics, most contain precious little on the
matter of compounding or of particle size/types
used. A formula and a brief description is usually
all that's given, the rest being left to the readers
imagination. For the experienced pyrotechnician,
this is no problem, as he/she is aware of the correct procedures to employ. But for the budding
pyrotechnician, weeks of trial and error testing
will lay ahead, with successful results usually dependent on the quality of the advice available
from their peers. I have found this to be true in
nearly every field of endeavor I have undertaken.
Most text books and technical manuals run a distant second to common sense, luck and sound advice from experts in the value of their contribution to the process of learning nearly any subject.
There are various reasons for this and a feature
article could be written on that topic alone. Suffice to say that, in pyrotechnics at least, the situation is improving. This is due mainly to the efforts of a handful of individuals and we all owe
them an enormous debt. We can pay back a portion of this by subscribing to their publications
and, perhaps more importantly, by contributing
articles for publication.
Having concocted various types of unignitable
chemical soups, I do not yet consider myself to be
experienced in this field; inevitably, I seek the
advice of someone who knows. The late Dennis
Manochio of The Fourth of July Americana &

Fireworks Museum was one of these, and I thank
him for his helpful advice on this subject.
The formula I elected to employ for my sparklers
can be credited to the Reverend Ron Lancaster.
It is found on page 178 of his book, Fireworks
Principles and Practice:
Barium nitrate
Dextrin
Steel filings
Aluminum
Charcoal
Boric acid

50%
10%
30%
8%
0.5%
1.5%

The two areas that I ran into trouble with this
formula concerned the steel filings and the
aluminum. Readers will no doubt recall the warnings in nearly every formula that contains steel
or iron filings and nitrates: the steel must be
coated with paraffin or linseed oil, or the device
will be ruined by the reaction between the two.
Reportedly, the steel is oxidized by the nitrate,
whose energy (oxygen) is depleted in the process.
Well, this does happen, but how soon it happens
is dependent on several variables. In the case of
sparklers, which don't have much mass and are
dried fairly quickly, I'm told that the iron/steel
won't begin to oxidize for about six months or so.
Consequently, if you intend to use them before
then, you don't have to bother coating the steel
with anything. This is a good thing, because the
process of coating iron/steel can be messy and
complicated. Since they are slow burning fuels,
the thickness of any coating on iron or steel
needs to be very thin, or it will greatly slow down
the burning speed of the mixture - if it can be ignited at all. Pouring linseed oil onto powdered
steel, as I can attest, will result in a composition
that is unignitable. If one attempts to burn off
the excess linseed oil by heating the steel in a
pan on a stove, you will produce one of the most
noxious odors known to man. I would imagine
that when properly performed, this is a slow
process and so should be done outside. However,
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I'm not sure how long it actually takes, or how
you determine when it's been "cooked" enough.
The other popularly publicized method of coating
the steel is to use paraffin. Again, this is a slow
burning fuel and needs to result as a very thin
coating. I didn't have any paraffin and was not
about to begin what was sure to be a 4 - 5 hour
search for yet another common enough sounding
substance that proves impossible to locate. Good
God, I must spend half my waking hours running
around or on the phone in yet another quest for
some material that was as common as table salt
thirty years ago, but as hard to find today as a
real hardware store. However, this process does
prove useful as an apprenticeship to anyone considering entering the home improvement
store/retail clerk field, as I can state without
hesitation that I know every aisle in every home
improvement, lumber yard or hobby/crafts store
within twenty miles like the back of my hand....
But back to paraffin, which as you recall, I didn't
have. So I tried the closest available alternative:
I simply melted down a candle and mixed it with
a pound or so of powdered iron. After it cooled, I
had a very heavy and oddly shaped candle, minus
the wick. A word to the wise: do not try to grate
this stuff while it is still soft through your expensive brass mixing screens, or they will become
hopelessly encrusted with the wax after it dries.
The proper solvent to cut wax costs about five
dollars a quart and you will need about ten dollars worth to clean your ten dollar brass screen.
Anyway, next I tried re-heating the wax/steel
"blob" to a molten state and filtering it with the
wax solvent, in an attempt to remove the excess
wax. This resulted in a promising substance that
looked like the original powdered steel. However,
after incorporating it into the formula, I was left
with another unignitable mixture. I can only
guess that the coating was still too thick and was
slowing down the burn rate.
At this point I received Dennis' advice and mixed
a batch of composition without coating the steel
with anything. Low and behold, it was ignitable,
although it burned very slowly. At last I felt I
was now on the right track! I just had to speed up
the burn rate and I was sure I would have a
decent sparkler mix. I finally achieved this by
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switching from atomized aluminum to a fine,
bright flake. I now had a mix that burned at
medium speed and shot out gold sparks that energetically fire branched. It is even ignitable while
it is still damp.
Dennis stated that those wishing to coat powdered steel or iron on a home workshop scale
should use silicone spray (e.g., WD-40). The powdered iron/steel is spread out in a thin layer on a
sheet of paper and is lightly misted with the
spray. The powder is allowed to dry, mixed up,
then spread out and sprayed again. The more
times this is repeated, the more the powder will
be protected. But, eventually the coating will become too thick and the burn rate will be inhibited, so there is a certain degree of trial and
error to this process. Remember though, if the
device has a low mass, can be dried quickly and
will be used within six months or so, no coating
is necessary. I would imagine that sparklers,
small stars and small dry-rammed gerbes/drivers
would fit into this category.
Now that I'm aware of this, steel/iron powder
may become a very popular spark producing or
fuel component in my pyrotechnic mixtures. It
produces attractive amber/gold sparks
(depending on ignition temperature) and can be
had for the asking at nearly any automotive
repair facility that owns a brake lathe. You need
only sift out the larger particle sizes (and the
rust!) and it's ready to use. Even if it is necessary
to coat it, the silicone spray method sounds quite
easy, at least when compared to previous
methods.
In our profession, as in others, there is a decided
tendency for newcomers to attempt to begin at
the same level as their more experienced peers.
Since there are other more sophisticated metals
that have generally replaced iron/steel in the advanced pyrotechnician's repertoire, we find the
beginner also discarding these "old" substances.
Indeed, one feels somewhat out of place in the
(current) pyrotechnic community if one is not
working on 8" chrysanthemums with triple color
changing glitter stars, strobe comets or the latest
crackling micro star formula. However, we need
to learn how to walk before we can run. Getting
"old", vague (but safe) formulas to work serve as

a basis from which to proceed forward on, as they
provide an invaluable education. Perhaps this is
one of the reasons why the compounding instructions in most books are vague.

work better than one thick one and in fact the
first coat will be quite thin, as the mixture has
trouble sticking to the bare wire. Successive dippings will coat the wire much thicker.

In summary, here is the same formula as before,
but with the inclusion of specific particle
sizes/types:

During the dipping process the mix will
gradually become thicker and so some
water/alcohol will need to be added from time to
time. Also, the iron/steel will tend to settle to the
bottom of the mix, especially if too much water
was added. I periodically agitating the mix to alleviate this.

Barium Nitrate, > 100 mesh
Dextrin, yellow
Steel, uncoated,>100 mesh
Aluminum, 20u
>325 mesh flake
Charcoal, airfloat
Boric Acid
Water/alcohol, 70%/30%

0.5%
1.5%
ad lib

Remember that barium nitrate is poisonous.
Also, the fine flake aluminum will become airborne no matter how careful one is: I wear rubber gloves and a respirator (with the correct filter cartridges), as well as safety goggles when
working with this mixture.
I begin by weighing the individual chemicals on a
reliable scale, then carefully place the chemicals
in a bowl and mix slowly but thoroughly with a
spatula. These cautious mixing instructions are
not due to the sensitivity of this formula
(although cautious mixing is a good habit, regardless of the formula), but more to prevent an excess of particles from becoming airborne. In fact,
mixing this formula with the bowl inside a large
plastic bag, or better still, outdoors, is a good
idea. Next, I add the water/alcohol in small increments while mixing with the spatula, until the
composition is about the consistency of cold
maple syrup. It should now be a smooth,
thoroughly homogeneous mix.
The wire used to coat the mixture on should be
20 gauge and about six inches long. Dipping
small quantities of wire is best done by pouring
the composition into a glass and tilting it on it's
side. The wires are now dipped one by one. It will
be noted that how fast and at what angle the
wire is removed from the mix will determine how
thick the coating will be. 2 - 3 thin coats seem to

After each wire is dipped the uncoated end is
stuck in a block of styrofoam, where it should
remain in a vertical position until dry (about 24
hours). After drying, they can dipped again and
will probably need a third dipping as well. The
final thickness should be about the same as a
commercially made sparkler (approximately
3/16") - that is, if one wants to be able to hold the
sparkler in his hand while it burns, without
being burned himself. The last drying time is not
critical as these sparklers can be ignited while
still damp. However, they are easier to light if
dried for 2 - 3 days, perhaps longer if the air is
humid.
A nice feature about these sparklers is that they
produce no smoke while burning and so, with adequate caution, may be used indoors. SAR

TIMING TIPS
One inch long timed siatines... Well, they're too
short to time from inside with extra clay or
rammed sawdust, so if an inch of match is left
outside of the clay, this can be coated with Liquid
Nails that is slightly thinned with acetone. The
coating can be adjusted to about five different
timings. The procedure has the advantage of
maintaining the excellent ignition qualities of
black match, while the miniaturization allows as
many as fifteen hefty reports in a five inch ball
shell. SW
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INFORMAL 8 OZ. ROCKETS
I needed a small Class C rocket to liven a celebration. Here is one which never bothered the neighbors. I rammed some 8 oz. rocket motors with
the following mixture:
"IT ALWAYS WORKS" ROCKET
FUEL
Potassium nitrate
Sulfur (flour only)
Charcoal (air float)
Charcoal (80 mesh)
Charcoal (36 mesh)

17
4
4
3
2

I use bentonite clay for the nozzle and top plug. I
mark my rammers with correction fluid so they
don't jam on the spindles. I get excellent rocket
tools from a gentleman in Watsonville, California. I buy six spindles and mount them on a railroad track baseplate. I can fit six or more
spindles where the track rests. I leave enough
room around the spindles so that the entire
motor casing is supported by the baseplate.
I use stainless steel, flat head screws to mount
the spindles, countersinking the screwheads with
a 1/2" diameter drill bit, so that the plate will rest
flat on the support base, but countersinking isn't
absolutely necessary.
A support base for the plate can be made by cutting 2x12" boards and screwing the pieces
together to form a sandwich of the desired
height. Or a heavy square timber could be
squared up on both ends with difficulty. I don't
make it too tall as working with my arms above
waist height is tough.
I screw the railroad plate to the support base. I
use big washers rather than drilling 2 more holes
in the railroad steel. Since the top and bottom
surfaces of the plate often are not parallel, I
make the holes slightly larger than the screws.
Then the spindles will rest flat on the top surface.
Building rockets in groups of 6 or 9 is faster and
much easier than singly.
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I buy plastic fin sets and cut them so that they
can be sprung open to fit on the motor case. I hot
glue a 1.5" piece of plastic soda straw in the gap
between the cut fin ends, then run a bead of hot
glue around the top of the fins. I sometimes use
cane and masking tape for stability. Any rigid
plant stalk will stabilize a rocket. Hollow plant
stalks are ideal because they are very light.
I hold a 1.5" long piece of fuse in with a small
piece of tape secured to a fin.
Next I needed a payload case, but as they are
bummers to build, I don't. I buy spiral wound
paper cases with a 3/4" inside diameter and about
2.5" or so long. I clean the top edge of a rocket
motor then glue the cases using hot melt glue. I
plug the casing with a paper plug of the proper
diameter, or sometimes I buy plastic nose cones
(the large ones from Firefox work with a little effort on the 3/4" internal diameter spiral wound
tubes).
For some payloads, I often include up to 10%
pyro flake titanium. I think that 1 0 - 2 0 mesh
works best.
I never use salute mixes for a payload. The
perchlorates could explode on impact with the
ground or water. Chlorate flash mixes, such as
those in Davis' book Chemistry of Powder & Explosives, are too dangerous to mix or use.
I make sure to tape on the nose cone, so as to
prevent any leakage.
I always launch these rockets with the aid of a
3/16" diameter steel rod about 3 feet long. I get
away from the launch area in case the heading
ignites prematurely. I always remember to use a
plastic spoon and plastic funnel when filling the
payload case with any pyrotechnic material. Also,
I don't scrape the plastic spoon against the bottom of the container when filling the heading. I
always wear a full face shield when using flammable mixtures, and remember, even an 8 oz.
rocket comes down hard. I've got a dent in my
car hood to prove it.

I do each step of the construction process with a
group of rockets. It is much faster than trying to
complete one rocket at a time. I easily mix
various headings to keep the interest of the spectators high through variety. Longer payload
cases are also commercially available, but I make
sure the rocket reaches a safe height before the
heading ignites.
I'm always careful not to overload the headings.
A little extra payload weight can radically
degrade rocket performance and put burning
stars in a crowd of friends -- or at least, a group
of people who used to be friends. BS

THOSE DAMP ROCKETS!
I never had a problem with rocket engines until I
moved to Florida. For over 25 years I've used the
loading tools I bought from the now-defunct
Caseco, and after experimentation I found that
the right mixture for 4 oz. engines using those
tools is 20 parts potassium nitrate, 10 parts
airfloat charcoal, and 3 parts sulfur. This mixture always worked perfectly - until I came to
Florida.
In this very humid climate the charcoal picks up
moisture, and the rockets just fizzle out on the
launch pad (or else barely get off the ground
before falling back). This was a little embarrassing when my advance-placement chemistry class
and their rockets were on WPEC-TV, the ABC affiliate.
I tried letting the charcoal dry out on newspaper
indoors, and even put finished engines in a
drying oven at 110° F. for 48 hours. Nothing
seemed to help.
Finally, I decided that there must be another
solution. I raised the percentage of potassium
nitrate to 65 or 70%, hoping to increase the burn
rate. Now the rockets are starting to work OK
once again. ST

ROCKET TIP
End burning rockets are nothing new, but since
I've been making them, I'm really amazed at how
simply and quickly they are made. They are actually nothing more than a gerb with solid commercial Meal D as the fuel. They fly quick and
high and the only drawback that I can see is the
fact that the fuel must be extremely fast burning
because of the lack of the hollow central core.
This, of course, eliminates any possibility of additives to produce a spark trail. SW
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BLENDER ROCKETS
After perfecting blender comets, [Blender Comets, AFN, June, '89 or page 70, Best of AFN II]
the next step must be blender rockets. Having
vowed to report this technology after it is perfected, I now realize if I wait for perfection we
will all be gray Greenmen before this is published, so here it is. With the aid of my trusty
garage sale blender I whip up 3 pound rockets at
500 each.
CASES FIRST
Rather than spend 500 for a case, I roll my own
from cereal boxes. After flattening the box and
trimming off the top and bottom, I cut it in half
along two creases. Thus I get 2 similar sheets of
cardboard, sufficient for one case.
I dismember about 10 boxes in this fashion and
anoint their inkless side with wheat paste. I roll
them tightly around a 1" dowel rod, first one
sheet then the other. The grain is parallel to the
dowel, with the pasted side in, pretty side out.
Thus I create rockets adorned with Snap, Crackle
and Pop; rockets fortified with vitamins and
potassium, and so on. The premium cereal, of
course, is "KABOOM".
The paste acts as a lubricant, allowing the case
and dowel to be slid apart. It also lubricates my
hands, so a dry rag is handy to help my pasty
paw grip the rod.
I now mix some non-shrinking plaster and water
to a playdough-like consistency, and force it into
the damp case. The optional wooden base is
whittled from scraps. I press forcibly to bulge
ever so slightly but not to rupture the case.
Quickly, before the plaster hardens, I form the
nozzle with a 5/16" rod or twist drill.
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ROCKET COMP FORMULA
An efficiency minded pyro rebuked me for my
wasteful surplus of fuel in this mixture. Lest I suffer reiterative verbal castigation, let me clarify
that specific thrust is not the objective. The extra
charcoal makes a nice tail. Furthermore, charcoal briquettes are the best deal around, because
each bag contains several square feet of real estate in the form of clay, which adds a pretty dross
to the tail.
Water
250 grams
Potassium nitrate
600 grams
Charcoal briquettes
300 grams
(sliced and diced to 4 mesh)
Sulfur
100 grams
HERE'S THE SECRET
Now I am prepared to commit chemistry. I heat
the potassium nitrate and water until dissolved
(near boiling). Into the blender it goes, then I
start the motor and add the charcoal and sulfur.
Since we're in the kitchen, it would naturally occur to such masters of modern technology to
pop the potassium nitrate/water in the microwave. A pyro friend writes that this is effective,
but should not be attempted on a paper plate.
Once soaked with nitrate, the paper gleefully
acts as fuel. If you enjoy the hearty aroma of simmering nitrate soup, wait till you get a snootfull
of that. Move over galloping gourmet... enter
exploding glutton.

chamber. The dowel is withdrawn after the
propellant cools.
No ramming is necessary in this process, which
allows weaker homemade cases to be used. While
my cases are too thin to withstand ramming, I
have had only one out of a hundred rupture when
fired.
While Mr. Pyro Friend was blowing up his wife's
microwave, I was devising new ways to load the
propellant. The soup in the blender is runny
enough, so why not suck it into the case with the
vacuum cleaner? Diabolical! In a matter of
seconds the blender was empty, the rocket was a
mess, and the vacuum cleaner was full of ooeygooey gunpowder goop. Try explaining that one
to the Mrs... "Honey, why does the vacuum smell
like eggs?"..."KER-BOOM!"

After blending the gunpowder daiquiri for 5 - 1 0
minutes, I frequently take a sample outside and
ignite it. I find it to be ignitable even when wet,
and I wonder what sort of fire would result from
a whole kilo burning in a blender. Would it boil
off the water, then explode? Probably not, but
the thought inspires me to re-evaluate MY safety
precautions: Fill the water bucket, clear out the
flammables, put on the face shield, and above all
- keep the women out of the kitchen.
Yet another pyro friend did not keep the Mrs.
away when making his first batch of blender
boom. When she learned that he was verily not
preparing her a chocolate milk shake, she verily
did explode.
I ladle the hot glop into all ten cases to within 2"
of the top. That annoying drip-drip-drip of propellant oozing out the nozzle can be cured by
first loading some cool propellant in the bottom.
Tapping the rocket on the table helps eliminate
air bubbles. I scrape excess propellant off the inside wall where the top plug is to seat and force
dampened plaster in with a 7/8" dowel rod. Then
I push a pointed 1/4" rod through the nozzle. This
pushes the propellant tightly against the inner
wall and leaves a centerbore, or combustion

After the rockets have dried a couple weeks I attach sticks made of wood lath cut twice
lengthwise. The result is a cheap rocket that
produces a pretty tail when it works and a pretty
comet or gerb when it fails. As I never announce
which result is intended before firing, most spectators construe the surprise effect as a success.
PM

PRIMING STARS ON
ONLY ONE SIDE
Priming micro stars on one side only can be done
by arranging the stars in a single layer, crowded
together, by holding the box or tray at an angle
and shaking or tapping the box or tray so that
they arrange themselves. This layer of stars is
sprayed with solvent suitable for the priming
binder, then priming dust is sprinkled on. After a
few seconds they are shaken to flatten the priming to the microstars and round them out for best
fire transmission. This trick was stolen from the
Chinese with the help of my little microscope.
LSO
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ANOTHER LOOK AT ROCKETS
There has been much written on rocket construction over the years, some good and some barely
informative. I hope to show things that will be
helpful in making good rockets, some of which I
have never seen in print.
The rocket is one of the oldest of all fireworks,
and down through the ages it has required considerable skill to make it so as to function
properly.
SIZES
As described in Brock's History of Pyrotechnics,
page 94, rocket sizes were figured by the weight
of a lead ball which would fit the inside of the
mold which holds the tube for ramming/pressing
(not which would fit the bore of the tube as some
have said). Why the pyrotechnists chose this
method of sizing is anyone's guess. I won't list
the standard sizes here; most books and supply
catalogs list them.
SPINDLES
The spindles should be made of either aluminum
or stainless steel - preferably stainless. They can
be made on a lathe, or bought from a pyro supplier of tools.
POUNDING BASE
The pounding base should be very solid like a
tree stump, or a piece of tree log about 12" dia.
This is an important detail. It should be placed
on very solid ground or a concrete base. If it is to
be set up indoors, like in a shed, I would hang a
fireproof material, like sheet metal, overhead and
on the nearest wall(s), in case a rocket should
take fire while being charged. It would act like a
big fountain. Think about it.
MALLET
Drifts should be made of brass or aluminum, in
various lengths, and bored to fit over the spindle.
See Weingart's Pyrotechnics, page 91. All of the
drifts should be made like the drawing (fig. 1) except the longest drift for the clay nozzle. Rockets
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seem to have better performance if the inside of
the nozzle is tapered, so the clay drift should
have a taper of about 30° (fig. 2).
SCOOPS
Scoops can be bought or they can be made if the
maker knows how to solder. It is difficult to give
a size. They are best made from copper, brass, or
aluminum. It is best to make some out of chipboard first, to get the right size for the application. Then the pattern can be used to make the
metal scoops.
The easiest way to make one is to take a piece of
copper or brass tubing, saw it down the middle,
then solder a metal slug on the end. Then a piece
of heavy wire, like a piece of brazing rod, is soldered to the end as a handle.
STICKS
Sticks must be square, not round, so as to keep
the rocket from wobbling erratically while ascending. Forget dowel rods. The best way to
figure diameter is to look at the diameter of the
nozzle. For instance, a rocket with a nozzle of
3/8" would use a 3/8" square stick. As for length,
there seem to be a lot of ideas. The main thing is
to not cut them too short. They do need to stabilize the rocket on its ascent. What I've seen work
best is:
4 oz. -18"
1 lb. - 48"
8 oz. - 24"
4 lb. - 66"
Any other sizes can be figured from these numbers. The stick is glued or taped on the tube for
about 3/4 of the length. It needs to be fastened
well, but I wouldn't use wire, which is a hazard
and also may crack the fuel core when it is
tightened.
CLAY
Bentonite day is best, but fireclay works good
too.

ENGINE DESIGN
We've all seen rockets going up, arching over,
then coming back down, or blowing through
either end. This may be of some help: First, the
nozzle. Most books and drawings show the
nozzle flat on the inside. I think it is a big help to
form it funnel-shaped, approximately 30°, as was
stated before, and to make the outside end concave, per fig. 3. This should let the gasses flow
out smoothly. Look at the NASA rocket engines.
Next, the clay nozzle should be at least the same
height at its top outside edge, as the case inside
diameter, per fig. 3. Finally, I believe there
should also be a clay plug at the top to contain
the gas pressure, again the same height as the
i.d. of the case. I have had no failures since using
this method. Using a thin clay plug, or no plug,
too often allows a blow-through.
THE FUEL
Most fuels are potassium nitrate, charcoal, sulfur
mixes. There is a great deal of information in
print about the mixes and it is wise to try several
to see what works for the builder. Here are some:

Potassium nitrate
Mixed charcoal
Sulfur

4-8 oz.
16
9
4

1-2 lb.
16
12
3

4-6 lb.
18
12
3

A good mix for the charcoal is 50% air float, 25%
40 mesh, 25% 80 mesh. If the fuel burns too fast,
it is necessary to either add more charcoal or cut
back a little on the potassium nitrate.
The usual safety precautions are used as with
any pyrotechnic composition. I like to screen my
rocket mix three times. Some workers like to
dampen the mix after screening. If I did that, I
would use alcohol only, and dampen it very little,
just enough to keep the dust down. To do otherwise would risk the fuel swelling and later shrinking and cracking, with the rocket exploding.
PRESSING
A mold is necessary to keep the case from split-
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ting in most instances when they are pressed in
an arbor or hydraulic press. Since few AFN
readers have such equipment, this article will
deal only with ramming.
RAMMING
Here is my technique. I pour in a scoop of clay.
Using the long clay nozzle drift, I ram it solid
with a few blows of the mallet. The nozzle will
actually slightly expand into the tube sidewall.
Then I pour in a scoop of fuel and ram it with
several blows (for a smaller rocket and 30 to 35
firm blows for 4 - 6 pounders). Each fuel increment should compact to about the same height as
the case i.d. Many small blows are better than a
few heavy ones and I never rush here. Now
before starting, I had measured and marked a
spot near the top of the tube that is the tube i.d.
plus 1/8". When the fuel reaches this spot, I stop.
See fig. 3. I then add clay and ram to equal the
tube i.d. That will leave 1/8" of tube left. I remove
the case from the spindle, then bore a 1/4" hold
off-center through the clay to communicate fire
to the head. The way I like to do that is to use a
1/4" flat blade screwdriver and just twist back and
forth. When the breakthrough to the fuel is felt, I
stop as I want to just touch it.
Then I insert two pieces of bare match and tamp
a little meal powder in between so as to wedge
them firmly in place, per fig. 4. If I have properly
left 1/8" of empty tube, I can bend the match over
flat. That leaves the top of the tube flat to accept
a disc, can, ball shell, or whatever kind of heading I choose. I won't get into headings in this article.
Please note that some tool sets have a special
drift that pierces the clay plug as you ram it. Special care is needed when using this tool as it is
necessary to get the clay solid enough and not
pierce into the fuel. I haven't used one because I
think boring is best. Also, for the clay, some
people use grog (clay and ceramic supplies) mixed
with clay, but I've been told that this mix is a bit
hard on the tooling and is not really necessary.
However, it does work well.
RMHC

SHELL BURST ROCKETS
Up until a few years ago the rockets I made I
think were typical of most: A long motor to take
the rocket as high as possible and a relatively
small payload of stars or effects which pop out
high in the sky. What changed my way of thinking was a box of rockets called Rocket 25, 15
medium and 10 large rockets from the German
maker Zink. These and some other European
rockets explode with the ferocity of a shell.
The techniques below will produce a rocket to
truly invigorate the neighbors. Be warned that
good performance is hard to achieve; everything
has to be measured and carefully regulated. It is
no good just dumping some flash powder into a
standard rocket top. I've seen rockets from two
of the big manufacturers which made this mistake, with embarrassing results. This article
describes a 1/2" i.d. rocket (UK 1 oz., US 4 oz.), the
easiest size. One needs to be able to make good
motors as it would be stupid to attach these tops
to anything not guaranteed to attain enough
height.
Rocket i.d
top mm
stars mm
mass stars g
flash burst g

1/2"
28x65
4...5
25
3.5

5/8"
35x80
5...6
55
4

3/4"
55x110
7...9
110
5

ROCKET TOP AND NOSE CONE
Short of buying an injection moulding machine
there is no easy or quick way to make nose cones.
Unlike the normal rocket top that simply pops
off, the shell burst top is torn apart in a carefully
controlled explosion. Kraft paper is OK for
making the top; the paper sold for wallpaper
lining is perhaps better but needs more layers. In
either case it is essential to measure the strength
of the paper. Using a spring balance and a 1 cm
wide strip of paper, I measure the breaking
strain both with and across the grain, then take
the average. See Fireworks The Art, Science and
Technique, p. 251. Then I apply Takeo Shimizu's
formula N = 5.6 x D/J where N will be the required number of turns. D is the diameter of the
nose cone in cm and J is the average breaking
strain of the paper in Kg/cm.

This formula in theory applies to the steady
state, like a balloon or soap bubble and the
dynamics of an explosion are different. However,
in practice it is a good starting point. To make a
nose cone, I take a 4" wide strip of paper and
wind it around a 28mm diameter former (1-1/8"
copper pipe is ideal). I use the formula above to
calculate the number of turns required. The
strong paper I use has an average breaking strain
of 6 kg/cm so I need 5.6 x 2.8 / 6 = 2.6 = 3 turns.
Lining paper could need as many as 9. Now I cut
as many strips as needed to length and paste well
with wheat paste. I use a scrubbing brush to
work the paste right in. I roll the paper around
the former; a lick of PVA (white) glue will hold
the edge down.
Now I slide the former 15mm back inside the
tube and pinch the tube in 4 places to form a
diamond shape (see fig. a.). I press down on top
of each wing to fold flat as b. (look at the crimp
on a shotgun shell for inspiration). I take a rod
the same size as the OD of the motor, 3/4", and
push into the tube, thus folding the crimp into
the tube c. This takes a bit of practice at first but
produces an integral top which makes a very
good fit with the rocket motor, it's also 100 times
quicker than making an adapter ring. I remove
the former and set aside to partly dry.
The nose cone needs to be quite strong and is
best made from a cardboard file folder. These
have the advantage of coming in several colors. I
mark and cut out a circle of 60mm diameter,
punch the centre and cut a slot to the edge. Using
PVA glue I turn two times to form a cone. There
should now be a double thickness cone 30 mm at
its base. Next I cut 15mm deep slots around the
part dried rocket top to form a sort of crown
shape (see fig. d) and using lots of white glue I
push the top into the cone. I set it aside to dry,
and with practice there will be a nice top of even
breaking strength, about 250 psi in fact.
STARS
There are three main factors to worry about:
Mechanical strength, brightness, and priming.
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Mechanical strength:
Shimizu, p. 156, lists the strength of a number of
stars when crushed with the flat end of a 3mm
diameter rod. Such a test is easy to do with the
aid of junior's Meccano set and some bathroom
scales. From experiment the magic figure is 5
Kg.; less than this and the stars will be pulverized by the explosive compression. I also test
the edge of the star. If the prime is not bonded
properly, it can be torn off.

Brightness:
There is much less room in a rocket top than a
shell and so much less scope for fancy stars. I like
to use a tailed star as bright as possible. The following formulas perform well cut as 4 mm cores.
They are all basically Lancaster's formulas
modified to suit the materials I had available.
I bind all of these with a 10% solution of shellac
in alcohol, using as little as possible so as not to
spoil the colors. The ideal way would be to use
the plastic as the binding agent but all my attempts so far have resulted in a sticky mess. I
have made stars of formula #a bound with lactose and water which, despite theory, have kept
for 3 years. Not recommended, but interesting.
#a Silver Cascade. One of my favorites - the
magnesium gives brightness. Other formulations
work well using aluminum and barium nitrate.
#b Deep red. Works during the summer but
goes wet by October. I would be pleased to hear
from anyone who has a way round this drawback. Silver reds can be made with aluminum.

#c Yellow illuminating. I think the bag
method (see below) should be used as this is basically a flash powder with 15% additional cryolite.
I have changed the ratios of Lancaster's formula
p.93 which did not work for me.
# d . This is a good deep green; the ratios are correct. Formulas using PVC/Parlon increase the
chlorine donor to about 30% at the expense of
the magnesium. (It is possible to make green
with aluminum but barium chlorate must be
used; you could also take a daily dip in a
crocodile pond.)
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Electric blue and violet so far have eluded me, so
I use resin chlorate formulas and use fewer but
larger stars.
Potassium nitrate
Barium nitrate
Strontium nitrate
Cryolite
Magnesium 20 mesh

Aluminum powder
Aluminum bronze
Sulfur
Home meal powder
Chlorovinyl acetate
Boric acid

#a
45

#b

#C

#d

57

55

#k
45

55
14
20
20

25

10
5

25
19

10

9

30
10
5

20

20
1

Priming:
Priming is essential. The star in the first quarter
second goes from over 1000 psi through a
vacuum and into a 100 mph air flow. Few (if
any!) compositions survive. The priming must
also be hot enough as metal fuel stars are hard to
ignite. I use two steps. First I coat the cores in
what I call prime #k, (Lancaster's electric
streamer p.90 again). The type of aluminum is
critical: I use what's called 'bronze powder silver'
sold by paint pigment suppliers. It's not bronze
of course but a very fine bright flake aluminum
coated in stearine, and it's most obnoxious to
handle. Prime #k should easily light with a
match, if not you need finer aluminum. Prime #k
makes an attractive star in its own right identical to the Spanish 'Case Blanca'. The Bright
Gold Comet formula in Best of AFN II p. 65 also
makes a good middle prime.
I spray the cores with the 10% shellac in alcohol
and dust with #k until they are 6mm, then roll
to about 8mm with home meal. The idea is not to
have a sudden change over but a gradual transition from prime to meal. Rolled in one go they
usually obligingly mix together without the need
to make up little batches of 50/50 or whatever.
The stars take a couple of days to dry. A well
made star should survive being shot from a
Roman candle with a 1/2 tsp of best black powder.
I prime stars containing chlorate with a single
layer of the following composition after a suggest-

ion in an article by David Bleser.
Potassium Chlorate
Potassium Nitrate
Charcoal
Lampblack
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30
10

The nitrate is added in solution and the mixture
granulated in the normal way. When dry the composition can be passed through a fine mesh to
give a good size for rolling.
FLASH BURST
A swim with the crocodiles. Please read all the
safety advice.
I use a mixture of potassium permanganate and
bronze aluminum with some additional potassium nitrate to slow it down. There is an excellent article in the Best of AFN II where the
author uses a mixture of fine and course potassium perchlorate with aluminum to get the same
result with a less sensitive mix. I do not use sulphur so the powder can be used with nitrate or
chlorate based stars.
Good ignition is analogous to what an engineer
would call an impedance matching problem, raw
flash is just too fast to light the stars. I cannot
say what is the right amount of excess oxidizer to
add as this is the variable used to fine tune the
flash burst system. 10% may be a good place to
start. The 1/2" i.d. rocket carries 25 grams of stars
and 3.5 grams of flash burst.
THE BAG METHOD

I use this method to mix anything dusty. I weigh
out the ingredients and mix the oxidants and inert ingredients together. I place these directly in
a grease proof paper bag (never plastic). I dump
the fuel on top and gently screw the top shut.
Now I turn the bag over 20 times and that's it! I
label the bag with a felt tip pen. The mixture can
be used directly from the bag and when empty
the bag can be safely disposed of on the bonfire.
This works particularly well with lampblack, is
about the only way to cope with paint aluminum,
and of course, helps with barium nitrate and
other poisons. I would use the bag method if
making flash powder for salutes, but for stars I

mix the flash powder after it's in the rocket!
SAFE PRACTICE
I strictly follow this system for mixing and loading: I wear cotton clothes and gloves and eye
protection and have a bucket of water on hand. I
clear everything from the work table, star
pumps, spatulas, even drifts can all become lethal
shrapnel in an accident. Then I line up the
cardboard tops for loading. It seems safe to mill
or grind potassium perchlorate or potassium permanganate on its own. I now make use of a lucky
fact that with the mix of oxidants I use and the
brand of paint aluminum, one volume of oxidant
plus one volume of aluminum is the correct
proportion. So using a measure I put one spoon
of oxidant in each rocket top and then one spoon
of aluminum. Next the stars are added. Still keeping the rocket top upside down I push the motor
into the top. I use white glue to stick the motor
to the top.
When dry I turn the rocket right ways up and
rotate it 10 times. The flash powder will be
mixed perfectly in its own mini ball mill. There is
just no need to sieve flash powder. This method
uses the divide and rule safety technique, at no
time is more than 5 grams of flash powder in contact. An accident with 5 grams of flash will hurt
but it won't kill you.
Once, by way of education, we placed 'just' 1 oz.
of flash in an ordinary plastic powder bottle and
safety fused it through the cap. This was stood
on a large marrow (squash) to act as 'witness'
and we retired to await developments. No one
who saw the subsequent devastation would wish
to store flash again. The correct amount of flash
to total a marrow is about 3 grams, but I digress.
TESTING
Quite a bit of room is needed to test these devices
and there is no discreet way to do it. With a video
camera and single frame playback it's easy to see
how many stars ignite. A clever trick and cheaper
than a camcorder is to add 5 stars of a different
color into the pay load and just look for these. If
you see 4 green in a basically red burst you have
approximately 4 x 100/5 = 80% ignition! Three
out of 5 is doing well as my videos of commercial
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shell burst rockets show some struggle to light
more than half their stars. This idea came to me
when I noticed some European color shells contain one star of a different color. This may be for
testing or to provide the brain with a color
reference. If you closely follow the techniques
above, ignition should approach 100%.
OTHER SIZES
Once proficient with 12/" i.d. rockets, larger rockets can be tried. I'm still working on the question
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of what are the best dimensions for tops and
stars and have most recently used smaller stars.
The following are near ideal. The larger sizes
will need 6 or 8 pinches to form the crimp.
These rockets are more trouble, both to make
and with the neighbours, but I find them well
worth while the time and effort. Wouldn't you
like to see them fired 500 at once like they do in
Valencia! SH

MORE ON SHELL BURST ROCKETS
The Shell Burst Rockets article didn't really
stress the point that these rockets are not simply
a small flash-opened shell fitted to a traditional
rocket motor with the central hole. The motor is,
in fact, of the end burning type, described in Lancaster 2nd ed., page 163, pressed in an aluminum
tube and rising with either a gold or silver tail. I
believe that this point is important since the
traditional motor with the charge pressed around
the central spindle is much less reliable with
respect to blowing through on ignition, and is
not so well suited to carrying the flash burst
payload.
If, for instance, a 4 oz. (3/4") motor were fitted to
the largest head described in the AFN article,
(110 g. stars, 5 g. flash), and the device blew
through on ignition, then the results would be
very unpleasant indeed, especially if the rocket
were loaded in a rack with twenty or so others.
I realize that the production of these more sophisticated motor units is somewhat difficult for the
hobbyist, but I believe that potential experimenters should exercise caution if fitting this
type of payload to traditional, especially
homemade, motors.
The author mentioned in the first paragraph that
these rockets burst "with the ferocity of a shell". I
would expand on this by saying that the burst is
also highly symmetrical, in a well filled circular
pattern. Unfortunately, inferior rockets with
messy bursts and poor star ignition appear to
have flooded the shop goods market here, and
they are frighteningly expensive. I've seen certain ones sold in central London at $38 each! On
examination these seemingly impressive rockets
are mainly full of fresh air, with only a small
end-burning motor lifting an enormous paper pot
containing only a small quantity of stars and a
gram or so of flash. A few years ago I remember
seeing some German rockets which were made to
look very imposing by encasing the actual device
in a light expanded polystyrene outer case. We do
not need this kind of deception!
While on the subject of poor commercial rockets,
in his December AFN article, the author men-

tions less than successful results of certain
manufacturers. One of our manufacturers seems
to be marketing 2 oz. (5/8") [oz. sizes mentioned
in this article are UK rockets sizes, not US - ed.]
rocket in which a conventional motor is fitted to
a plastic star pot containing a small quantity of
stars and flash. The result is little better than a
traditional pop-open rocket head.
The point I'm trying to make is that in my experience, many of these flash head rockets, with
the exception of Germany's Zink variety, are not
all that impressive, and their production does require more than a little effort.
On the subject of star brightness, I have carried
out considerable experimentation on the production of metal fuel color stars. I was surprised at
Sir Steve's formula #a which uses magnesium
and potassium nitrate for cut stars. Could such
stars give good ignition when made as primed cut
stars in a flash head, especially when no potassium perchlorate is present and the magnesium
is as coarse as 20 mesh?
I have experimented with flash-opened 3" shells
using my own mixes similar to Shimizu's Mg/Alparlon based red and green stars (Lancaster 2nd
edition, pg. 258-259) with good results. I prefer
to use a larger quantity of nitrate-aluminum
based flash than a small quantity of "hot"
perchlorate/aluminum, since the exact quantity
of burst charge becomes less important with a
slower flash. It is very easy to overdo things and
blow your stars blind with a very fast flash.
That brings us to the point of using potassium
permanganate as a flash component. To my
knowledge, this material is not normally used in
fireworks and must, therefore, be something of
an unknown quantity. In view of the potential
danger I see no advantage in its use, especially
when more conventional flash systems are relatively well understood.
Another potential hazard must be the use of an
aluminum flash powder in contact with a
chlorate-primed star. I, for one, would prefer to
avoid it. AUKP
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SCREAMING BANSHEE ROCKETS
An article in AFN called Stinger Missiles [AFN
#70], described how one man made small, spin
stabilized rockets that make an interesting sound
as they lift off, much like a hummer or Z-Bomb. I
used tooling of the same design and similar tubes
to make an interesting whistling rocket. These
"Screaming Banshee" rockets sound something
like a gigantic bird of prey screaming its head off,
when fired, very different than an ordinary large
caliber whistling rocket.
The formula I used is a variation on the
"Screaming Rocket" formula that appeared in the
PGI Bulletin article dated May '90. I had on
hand some potassium benzoate, but I had none of
the sodium salicylate called for in that article,
nor did I have a set of whistling rocket tools for
my 3/4" tubes. I did have, though, a set of tooling
for making the "Stinger Missiles", which has a
spindle 1 1/4" long - somewhat shorter than called
for in the "Screaming Rocket" article. On a whim
I mixed up a small batch of propellant, substituting the benzoate, milled to a fine powder, for the
salicylate, and pressed a few motors. The results
astounded me. They were some of the loudest,
highest performance whistling rockets I had ever
seen.
For reference, the formula is as follows:
Potassium perchlorate
Potassium benzoate
Red Iron oxide
Petroleum jelly

64%
32
1
3

The original version of the formula used sodium
salicylate as a fuel, which is readily available
from all major suppliers of pyro chemicals in a
powder form that requires no additional preparation. The benzoate I had was obtained in a
prilled form, i.e., small round beads about the
size of bb's. The powder needs to be very fine for
these rockets. At a garage sale my wife found a
small food processor which she bought for a pittance; it works well for reducing small amounts
of the prilled benzoate to fine powder. I simply
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added the appropriate amount of red iron oxide
catalyst to the benzoate prior to milling to
produce a reddish mixture composed of a ratio of
32:1 benzoate/red iron oxide. Next, I placed the
required amount of petroleum jelly in a beaker
over a hot plate and gently heated until the jelly
melted. Donning my respirator, I removed the
petroleum jelly from the heat, and turned off the
hot plate. Lacking the pure toluene called for in
article, I then added about 5 parts lacquer thinner for each part of petroleum jelly by weight,
continuously stirring to dissolve the two
together. I next added the petroleum jelly solution to the fuel/catalyst mixture and stirred the
mixture until homogenous. Then I slowly added
the oxidizer while stirring continuously with a
wooden spoon for several minutes. At this point
the mixture had the consistency of a thick soup
and the beaker was warm to the touch. If the mixture seemed too dry or thick, I could add extra lacquer thinner at this stage. I spread the composition out, in a layer about 1/2" thick, on kraft paper
over newspapers to dry overnight. I have found
that it is important to be sure that the lacquer
thinner has thoroughly evaporated before pressing the motors. A slightly damp mix can cause
some shrinkage of the propellant grain over a
period of days or weeks, transforming the rocket
into a large ground salute. I always do the steps
using toluene or lacquer thinner outdoors because the vapors are highly inflammable, besides
being toxic to humans.
When the composition had dried overnight, I
then carefully ran it through a 20 mesh sieve and
then stored it in a paper container so that trace
amounts of solvent could evaporate. After several
days, the mix was ready to press. Screening a mix
of this sensitivity required extra care.
I used custom made tooling originally designed
to make spin stabilized Warhead Launcher-type
rockets from 3/4" i.d. convolute wound tubes. Interestingly enough, the 3 1/4" long tubes cut for the
WHL rockets worked very well for these
"Screaming Banshee" rockets, too. The process

for making the motors differs mainly in that the
Screamers use no clay choke (as will most, if not
all whistling rockets), and in lacking a side vent.
These rockets seem to require no significant
length of open tubing below the propellant grain
to achieve their characteristic wail. Mine contained a propellant grain that ended about 1/8"
from the rear end of the motor tube; several
casual observers have erroneously assumed that
they were looking at a red clay nozzle, when in
fact they were actually seeing the end of the
propellant grain.
I found a one ton arbor press worked satisfactorily for pressing the motors, using all care and
caution due the sensitive composition. I pressed
the composition in increments of about one i.d.
per pressing, until reaching about 1 1/2 times the
i.d. above the spindle. I finished with my favored
garniture, and fastened to a stabilizing stick of
appropriate length. For ignition I used a length
of slow thermolite taped to the stick and just
touching the outside of the propellant grain. I
found that quickmatch inserted into the orifice
caused the motor to detonate.
Of course, I exercise great care in both making
and firing these high energy, "Screaming Banshee" rockets. I think they have some potential as
a display item, but are more prone to detonation
than ordinary black powder type rockets. Certainly, the "Screaming Banshee" is still subject to
the same stabilization and fallout problems as
are other stick stabilized rockets, but the combined audible and visual effect of these rockets
make them unique and noteworthy. AJS
[Experienced operators have found that the use
of solvents with explosive vapors adds an unusual degree of risk in fireworks formulations.
Likewise, whistle compositions are unsuitable for
hand ramming into cases - Ed.]

CHEAP & EASY
ROCKET GIMMICK
Here's a cheap and easy, spur of moment gimmick for igniting a lot of bottle rockets quickly.
It's great for a lawn parly or even the 4th! Sure
to please young and old alike, it's made with
little effort and scraps found around the garage
or shop.
Here's how I make mine: I slice off an inch or
two the long way from a 2x4 that is just laying
around the garage. Even an unused furring strip
would do. I drill holes approximately 1-inch
apart with a drill bit big enough to allow bottle
rocket sticks to move freely in and out (mostly
being made of split bamboo, all sticks are not the
same diameter). I attach the simple cross legs,
per the diagram, with one nail on each side of the
center strip. This will allow for some height adjustment, plus some adjustment for uneven
ground.
Next a few rockets are put into the holes to see
where their fuses will lay. Making sure the rockets move freely, I now draw a pencil line down
the length of the strip, then lay down a bead of
white glue or carpenter's glue the full length of
the strip, right over the pencil mark. Then I lay
down a length of black match on the glue line,
and let it dry. If I don't have any black match
available, I can do it like in those old cowboy
movies and just pour a bead of meal powder on
top of the glue and let that dry. Then I load the
rockets.
I just make sure that all the fuses are atop the
match or meal, and let 'er rip! A sure pleaser is to
alternate the rockets: whistle, salute, stars,
whatever. There should be room for about 100
bottle rockets to ignite in sequence, and I get a
few moments of ohs & ahs at a bargain price! DR
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QUICK WHISTLE ROCKETS
I've come up with a quick method for making
small but very powerful whistling rockets. I build
them backwards! The only tools needed are a
small arbor press (or a Doc Barr press) and two
rammers as shown.
I made my first one using 1/2 i.d. tubing cut to 2"
long. Actually, they can be made with any i.d.
tubing cut to 2". The spindle length is important.
If the length is too long, you lose the whistle
sound, and longer than that, they deflagrate. The
shorter length gives a good, shrill sound and still
has lifting capacity. The mid-length gives lots of
power and only whistles during the delay burn.

I weigh out the potassium perchlorate and sift it
through an 80 mesh screen. My screen is a 3 lb.
coffee can with both ends removed and the wire
screen fastened on one end with a hose clamp.
Whenever I use a coarser screen, I pass the
material several times so as to remove all the
lumps. I weigh out the red iron oxide right away
and screen this mixed right in with the
perchlorate. I mix it until the color is uniform.
Then I weigh out the salicylate or benzoate, and
screen it through a gravy strainer. This stuff
refuses to go through anything finer than 10-20
mesh. Then I add it to the perchlorate.

Here's how I make them. This applies to any i.d.
tube. I start with a 2" length of tubing and tape
one end off so the powder doesn't fall through. I
funnel a scoop of fuel into the tube and press until the tube just starts to bulge. This technique is
continued until a column of hard-pressed delay
fuel is accomplished, approximately 3/8" to 1/2".
The next few scoops of fuel are pressed with the
palm of my hand until the tube is full. All this is
done with the flat ended rammer. Now, using the
rammer with the spindle machined on the end,
and eyeballing the center of the tube, I press the
spindle end into the fuel until the full diameter of
the rammer enters. Then just one squeeze under
the press completes it and the rammer is
removed. The rocket engine is finished.

While this is happening, the weighed out
Vasoline is melting on my wife's clothes iron,
which is sitting upside down in my bench vise.

There should be a recess of 3/8" to 1/2" in the tube.
This recess will vary until the right feel is
achieved when pressing with the palm. Whatever
the length, it doesn't affect the performance of
the engine. It's unnecessary to skimp on tubing,
like I do. They can be made longer than 2", but
the spindle length must be close to the length
shown.

Note: Melting is done in a pop can cut a little less
than in half, say 2 1/2 high. With comp batches of
around 500 grams, the most I use of lacquer thinner fills this container a little over 3/4 full,
around 140 grams. The Vasoline melts at a very
low temperature so it is not necessary to get
things very hot. Lower temperature means less
fumes.

Any fuel ratio between 70-30 and 76-23-1 will
work, with 70-30-1 giving lower power but a
raspy sound, and 76-23-1 giving the loudest
whistle and the most power. The 70-30-1 uses
sodium benzoate, while the 76-23-1 uses sodium
salicylate. All the fuels use the melted Vasoline
method, with 3% Vasoline. Whatever the ratio,
this is how I make it.

After adding the lacquer thinner to the melted
Vasoline, the liquid turns cloudy. I return it to
the iron and heat and stir just until it starts to
turn clear. Now it's ready to add to the fuel. The
temperature is around 120oF, which shouldn't
pose too much danger when adding the liquid to
the fuel.
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Now I enter the hazardous stage. Once the dry
chemicals are mixed together, I gently run the
comp through the gravy strainer. Then I remove
the Vasoline liquid from the iron and add lacquer
thinner.
Of course I do this away from all
chemicals and anything else that is flammable.
This part is common sense -1 don't pour the lacquer thinner from the can but measure out the
exact amount into another container and then
pour from that into the melted Vasoline. There's
no sense in having more than needed for the
batch size.

I then mix it together, using a kitchen fork and
easily squeezing it through the teeth. I like to get
it pretty wet. If it isn't, I'll add more lacquer thinner. I keep mixing until it thickens and starts to
get pretty heavy. The thinner evaporates pretty
fast, and even faster if the process is done in
front of a 20" fan. That's the way I prefer, as I
don't wish to breathe the fumes. There's little
choice here - with proper ventilation I'll do this
in my shop and wear a proper vapor mask, otherwise the process goes on outside in fresh air.

During this whole process of screening and
mixing, I don protective clothing, gloves, face
shield, and long sleeves, and no polyester. I will
not pound on whistle mix to make a rocket engine. I heard that some people do. Here's a test: I
place a tiny pinch of whistle comp on an anvil
and tap it with a hammer. Then tap a little harder. Sometimes it takes only a light tap to make
it blow. It can bite. In fact, when I use the press, I
use a shield between it and me.
FUEL

Practice tells when the comp is ready for ricing.
For this step I use another coffee can with a
screen on one end, with the mesh the same as a
window screen. With the screen end up, I place
the fuel on it and push it through onto
newspaper taped onto cardboard.

For raspy rockets:

After four or five piles are squeezed onto the
paper below, I spread it out nice and even and
then place it about eight feet from the 20" fan,
stirring it three or four times. It should be dry in
about half an hour. I store the finished fuel in
small plastic-lidded coffee cans. Working with
500 gram batches, I can make a lot of small engines, but it doesn't last long when pressing 1 1/4"
by 6-foot long rocket engines!

For power:

Once the fuel is mixed, I haven't detected any
problems with moisture absorption. Our climate
is pretty humid in summer but it doesn't seem to
affect a finished rocket engine. Still, I keep them
stored in plastic bags until I'm read to use them.

"Screaming Rockets", Barry Vreyens, PGI
Bulletin #70, May, 1990.

Potassium perchlorate
Sodium benzoate
Iron oxide
Vasoline

Potassium perchlorate
Sodium salicylate
Iron oxide
Vasoline

70
30
1
3

76
23
1
3

References:
"Screaming Banshee Rockets", A. J. Smith,
AFN #110, November, 1990.

SLaD
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LINE ROCKETS - HOW TO MAKE THEM
For a relatively small expenditure of time and
money, the venerable line rocket is one of the
most effective and amusing pieces of Class-C
fireworks that can be constructed. Only a few
readily obtainable materials and a minimum of
skills are needed to make the device, and the driving composition, a simple mixture of potassium
nitrate, charcoal and sulfur, is about the safest
pyrotechnic combination that can be made.
Moreover, even the very small "sub-ouncer" size
to be described in this article puts on a surprisingly brilliant and animated performance in a
limited space, is not noisy enough to arouse the
ire of neighbors, and, best of all, is confined to
the immediate area where it is fired rather than
taking off in unpredictable directions as skyrockets and some other devices are prone to do. Because of these factors it is ideally adapted to
small backyard displays, although its commercial
equivalent in larger sizes is frequently used to
good effect in public displays. Finally, the construction of small line rockets is an excellent first
step for the beginner to acquire manual skill and
an understanding of how many other firework
devices are built and operate. (It certainly beats
starting out by trying to make firecrackers and
salutes, which is, unfortunately, the usual approach of the novice pyrotechnic experimenter!)
As with most fireworks, the first step in making
line rockets is to roll a few cases. One of the
simplest ways of doing this is to get a roll of 3"
gummed tape at a hardware or stationery store.
This must be the dry type with mucilage backing
used for sealing cartons, not masking tape, and
as noted, in the 3" width rather than 2" as more
often found in various stores. I cut off as many
strips of the tape, 14" long, as is intended to
make cases - about 2 dozen is a good number for
starters. Better yet, I tear those strips off the roll
along a rough-edged implement such as a hacksaw blade; this will make starting and finishing
the cases easier in the next step.
A 3/8" diameter length of rod or tubing about 6"
or more long, called a mandrel, is required for
rolling the cases. This can be simply a piece of
wooden dowel, in which case it should be well
rubbed with wax or varnished to make the rolled
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cases easier to slide off, as well as to prevent
moisture from soaking into the wood and glue
from sticking to it. A 2-foot length of this dowel
is enough to make the mandrel and the ramming
tools described below. I use a solid aluminum rod
with a wooden handle at one end and a loosefitting washer sliding on the rod, normally
against the handle but helpful in pushing
finished cases off the end. The washer, if used,
should have its hole filed out so as to fit just
barely over the rod and still slide along its
length.

The other equipment for rolling the cases can
easily be improvised. All that is needed is a flat,
fairly smooth surface on which to lay the strips,
say a piece of one-by-six board, which need not
even be as long as the strips. If the mandrel has a
handle, it must of course overhang the edge of
the rolling board so that the rod can press the
strip down against it.
There are two tricky steps in rolling the cases:
first, getting the initial turns started tight
against the mandrel, with the rest of the strip
exactly at right angles to the rod so that it
doesn't wind on spirally and, second, removing
the rolled case from the mandrel. A good way of
getting the roll started is first to wind it dry for a
few turns around a rod of smaller diameter than
the mandrel, which gives it a sort of set in the
right direction, then I put it on the mandrel, still
dry, and pull the first turn-and-a-half or so tight
while gripping it firmly with the fingers of my
hand. At this point the tape could be laid
gummed side up on the rolling board and the
remaining length moistened with a wet sponge
or brush, but I have found that stronger cases
result by dipping the rest of the tape very briefly
in a bowl of warm water, squeezing the excess off
between the fingers of the other hand, holding it
over the bowl to catch the drips, then finishing
the winding on the board.
Actually, this part is just as well done without

using the board if the mandrel is equipped with a
handle that can be twisted in one hand while pulling the wet tape with the other and guiding it to
form even turns. With the tape this wet, any
spiral protrusion that is evident after the entire
tape is wound can usually be evened up by pressing the case ends between the thumb at one end
and the first or second finger at the other, after
removing it from the rod. Usually, getting the
wound case off the mandrel without deforming it
is fairly simple when the inner turns have been
left dry as described; if it seems reluctant to come
off, I give the mandrel a slight twist in the direction opposite to the way it was wound to help
free it. A firmer case will result if it is laid on the
board while still on the mandrel and rolled back
and forth under another board before removal,
but I haven't found this step really necessary.
Now we have a case of about 10 layers with an
inside diameter of 3/8" and an o.d. of about 1/2",
strong enough when dry for line rockets. The
cases could be made even stronger by cutting the
strips about 1 1/2" longer for each extra turn
desired. The fact that the inner turn or so was
not moistened seems to have no adverse effect. I
have not mentioned whether the rolling should
be done toward or away from the operator, or
which hand should hold the mandrel and which
one feed the tape, since this would be a matter of
individual preference, besides which as a southpaw I have already confused enough readers by
giving left-handed directions!
While the cases are drying, which usually takes
about 24 hours under average conditions, they
can be stacked in bundles of about a dozen each
to keep the outer turns from loosening, with a
rubber band around each bundle. If the last turn
does separate a bit, it will be for only about 1/4" to
1/2", which can be torn off, and any protruding
spiral bits at the end can be trimmed even with a
sharp knife. The drying period is a good time to
clean up the rolling paraphernalia, especially the
mandrel, which should be washed clean before
accumulated mucilage dries on it, and to prepare
the ramming tools.
The first of these to make is the spindle for consolidating the clay nozzle and forming the hollow
core in the body of the rocket. For this, an

8-penny f l a t h e a d
carpenter's nail (1/8" x
2 1/2") is used, filing the
point to round it off, although this is not absolutely necessary. The
nail is then pressed or
driven into a metal
b u s h i n g 3/8" in
diameter and 1/2" long
with a 1/8" hole running through it the
long way. If such a
bushing is not available, a 1/2" length of the
3/8" dowel can be cut
off and a 1/8" hole
bored t h r o u g h it
lengthwise, but a metal
bushing will hold up
better in use. In either
case it is best to bevel
the top edge slightly,
but again not essential.
A block of hardwood
about 6" square by 2" or
so thick is used for the
spindle base. (Those
are the dimensions of
mine, having access to
some old lumber cut
back in the '50s before
they started making it
undersize, but almost
any sturdy block found
in lumber yard scrap piles will do as well.) A 3/8"
hole is bored in the top of this to about 1/4" depth
or slightly more, and the bushing, with the head
of the nail flush against the bottom, is inserted,
securing it with epoxy glue if metal, or wood glue
if made of dowel.
Two drifts are required for ramming the clay and
composition, about 5 and 3 inches long respectively and again cut from that very handy 3/8"
dowel. The first or starting drift must have a 1/8"
hole drilled into the bottom end far enough for it
to slip down over the spindle against the bushing, with perhaps 1/8" more at the top. Drilling
this hole with a hand drill so that it is centered
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exactly in the dowel and parallel all the way is
quite tricky and best done on a drill press, but if
that's not possible, dowel rod is cheap and
several tries can be made! Trueness of the hole
can be tested by slipping the drift over the
spindle and turning it around to see that there is
no noticeable "wobble".

firework compositions. The potassium nitrate
was labeled as a diuretic and meat preservative;
the charcoal, in tablet form, was sold for the
relief of gas on the stomach; the sulfur was
presumably for use in everything from spring
tonics in combination with molasses to a fungicide for the treatment of athlete's foot.

The second or finishing drift is just a 3" length of
solid dowel. The powder scoop shown to the right
of these is extremely handy for loading the clay
and powder accurately and without spillage. It is
made from another piece of the dowel of any convenient length, 6" being about right, with an
aluminum, brass, copper or even plastic sleeve
press-fit over the end and shaped as shown. The
sleeve can be made of thin-walled tubing, and if
this can be obtained with an o.d. of 3/8", it will fit
right down into the rocket case (the end of the
dowel can be whittled down to fit it).

My first mixing of these drugstore ingredients
did not produce spectacular results. I powdered
the charcoal tablets with a glass mortar and
pestle, stirred in the sulfur, and finally added the
potassium nitrate, thoroughly mixing all three.
The end result was a black powder that burned
quite vigorously with a lilac-blue flame but
definitely did not provide enough propulsive
force in a choked case to drive a rocket of any
sort very far. This was mainly because the
drugstore variety of potassium nitrate is in the
granulated grade - grains about the size of table
sugar - rather than the almost impalpable powdered variety recommended in most firework formulas. There are methods of reducing this grade
to a powder by boiling a water solution of it, but
I obtained fair results just by putting a quantity
of it in an electric food blender and letting it run
for about a minute at high speed. (Don't try this
with potassium nitrate that has been mixed with
charcoal or sulfur, though!)

With the cases and ramming tools prepared, the
next obvious step is to provide something to ram,
which consists of clay and propellant. I have
found ordinary white fireclay, cheaply obtainable
at ceramic and sometimes hardware stores, to
work very well for the nozzles and end-plugs, although I've seen other types used with good
results. Fireclay generally consolidates and hardens perfectly well with no dampening, however,
even though it comes as an apparently dry powder.
While the best propellant ingredients must be
obtained from a chemical or laboratory supply
outlet, particularly the double-refined powdered
potassium nitrate, I am going to describe the
method I have generally employed, using ingredients bought at a local drugstore and the
nursery department of Sears. Starting with this
formula:
Potassium nitrate
15
Charcoal
3
Sulfur
2
(parts by weight)
I was not surprised to find all three of the ingredients on the shelves of a nearby drug store,
since they all have medicinal uses, as is the case
with so many chemicals that are also used in
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The drugstore sulfur I first used was the yellow
flowers of sulfur and worked quite well in this
mixing, but I later found an almost white variety
at the aforementioned garden supply department
which was labeled as "sulfur dust", intended for
use on rose bushes, which was a much finer powder, about 300-mesh, and considerably easier to
incorporate with the other ingredients. This was
probably sulfur flour, which is considerably different from flowers of sulfur.
The grade (particle size) of the charcoal is the
principal factor that will affect the performance
of the rockets. A very fine powder will make the
mix burn faster, especially if it is made from willow or alder wood, but at the sacrifice of a handsome, glowing tail. For small rockets like these, I
found the best results were obtained by mixing
finely-powdered charcoal, including the dust
produced in the grinding process, with about an
equal amount of about 60-mesh grains, later

mixing and sifting both together through a
coarse tea-strainer. I have even powdered the
common charcoal briquettes sold for use in barbecues and used the resulting mixture of coarse
and fine particles with good results, even though
this is hardwood charcoal.
I next weighed the 3 ingredients separately and
mixed them together, and at this point it should
be noted that only a comparatively small amount
of the finished propellant is needed for charging
such small rockets. When they are loaded as will
be described, it takes only about 5 grams of powder to fill each case, so that 100 grams, approximately 3 1/2 ounces or about enough to halffill a coffee cup, will be plenty for loading 20 or
so cases. Following the formula on the preceding
page, a 100-gram batch of composition will require 75 grams of potassium nitrate (2.65
ounces), 15 grams of charcoal (.53 ounce) and 10
grams of sulfur (.35 ounce).
The charcoal and sulfur should first be well
mixed together and stirred until of a uniform
color throughout. It will be found that the
mixing process renders both of these ingredients
easier to handle, as it reduces the tendency of the
charcoal to fly about - even splash out of the container when dumped in - and that of the sulfur to
stick to the implements. Then I add the potassium nitrate and stirred the mixture again to a
uniform consistency and color. From this point
on, two important facts should be borne in mind:
first, with the addition of the potassium nitrate
as an oxidizer, the mixture has actually become a
low grade of black powder, which is extremely
flammable and susceptible to ignition by a stray
spark from whatever source! Second, further
manipulation of the powder, such as sifting and
more mixing, will only increase its strength and
flammability.
Knowledgeable readers will have noted that the
formula given: 75% potassium nitrate, 15% charcoal, 10% sulfur by weight, is the one generally
recommended for producing the strongest black
powder possible, other factors being equal, and
since we are dealing here with a propellant for
rockets, not an explosive charge for firecrackers
or salutes, the advisability of including such a
high percentage of oxidizer might be questioned.

This was intentional, because in fact the "other
factors" seldom if ever are equal, and no experimenter grinding and mixing his own black
powder ingredients by hand can expect to
produce a powder as fast and "hot" as the
commercially-made grades starting with the
same proportions of ingredients. As frequently
mentioned elsewhere, any printed formula is
merely a starting point, after which the results
obtained depend largely on individual method of
procedure. If very finely-powdered potassium
nitrate, charcoal and sulfur were thoroughly
mixed in the proportions given and intimately
incorporated under heavy mechanical pressure,
one would indeed end up with a potent black powder that would blow his rockets up rather than
driving them, but this degree of "perfection" is so
unlikely to be attained by the average
manipulator, that his end-product, even starting
with the most potent formula, will probably fall
somewhere between a very fast powder and a
much slower propellant, just as if he had started
with a smaller percentage of potassium nitrate.
In the end, of course, he could fall back on
Weingart's sage advice: "If rockets burst before
ascending add more coal; if they ascend too
slowly add more potassium nitrate."
Regarding proportions, it is standard practice to
give the amount of each ingredient by weight, or
as a percentage of the total weight of the mixture, except for liquids, where the quantity is
more conveniently expressed as a certain volume
such as pints, quarts, liters, cubic centimeters,
eta This is because dry chemicals vary considerably in density, even from one grade to
another of the same chemical, so that a formula
giving the parts by volume would produce quite
erratic results from one batch to another.
A simple method of further combining the ingredients after stirring them together as
described on the preceding page, is to dump the
mixture into a small plastic bag, seal the opening
with a rubber band, and knead it for several
minutes until it appears to be a smooth blend
throughout. At this point a rough check can be
made by placing a small amount of the powder,
as much as held by the scoop, for example, in a
pile on some non-flammable surface and igniting
it. Since this test should be made in the open be57

cause of the clouds of stinky smoke given off, and
if the sky is clear, I have found the best method
of ignition to be by focusing the sun's rays on the
pile with a magnifying glass, which does not
physically disturb the powder as holding a
lighted match up to it might do.
The powder should burn rapidly, with the whole
pile consumed in something less than a second
and very little residue remaining. If the burning
takes longer than about a second and whitish
globules of melted potassium nitrate remain afterward, the ingredients were either not powdered finely enough or sufficiently mixed. This is
only a crude test, however, and even a mixture
that seems to burn sluggishly in the open may
prove to be strong enough to propel the rockets
after being further consolidated by ramming into
the cases. (CAUTION: the bag of powder should
always be re-sealed and moved to a distance
before igniting the test-pile!)
To charge a rocket, one of the cases should be
slipped over the spindle and pressed all the way
down over the bushing (sometimes called the
"button" or "nipple"). Then 2 scoops of clay are
dumped in, the starting drift pushed over the
spindle as far as it will go, and the clay consolidated with about 10 solid blows of a 1-pound
hammer on the end. At this point it is well to
remove the drift, twist the case off the spindle
and examine the choke or nozzle that has been
formed. The clay should be quite hard and not
easily scratched or chipped with a blunt implement or dislodged if a length of solid dowel is
pressed strongly against it from inside the case.
If it cracks or disintegrates when so tested, or
does not adhere firmly to the tube walls, this step
should be repeated using a slightly dampened
clay. The spindle block should rest on a firm,
solid support to obtain the full impact of the hammer blows.
When examination shows that a smooth, solid
clay choke has been formed, it is replaced carefully over the spindle, 2 scoops of propellant composition poured in, the drift reinserted and given
about a half-dozen solid blows (a number of
sharp blows compact the powder better than just
a few heavier ones). This process is repeated,
adding just 2 scoops of powder at a time and ram58

ming, until the charge completely covers the
spindle top, after which the solid drift is used to
ram the remainder. The changeover point can be
determined by looking into the open end of the
case, and for convenience in charging further
cases, the starting drift should be reinserted until
it contacts the composition and a mark should be
made on it even with the open end of the case.
Then the ramming is continued in 2-scoop increments until charged to within about a half-inch
from the top, another scoop of clay is inserted
and rammed to form a solid end-plug.
The rocket is then pulled off the spindle
with a twisting motion. I should mention that the only reason for making
most rocket spindles tapered from bottom to top is to facilitate removal of the
charged case after ramming; in fact
some small rockets are rammed solid,
with the central cavity being bored afterward, which of also produces a
cylindrical hole, not a tapered one.
With the present method, removal is
easier if the spindle is smoothed with
fine emery cloth and rubbed with wax
occasionally, which also helps to keep it
from rusting from contact with the potassium
nitrate in the composition. It is also a good idea
to bind the top half-inch or so of the drifts with a
few turns of wire or drive a metal sleeve over
them, to prevent splitting or cracking after continued hammer blows. As a further refinement,
this end of the drifts can be coated with the
always-helpful epoxy resin, especially if iron wire
is used to wrap them, which will provide even
more protection and help prevent loosening of
the binding or sleeves.
Each charged case must now have an empty one
attached to it in order to run on the stretched
line that gives these rockets their name. The attachment can be as simple as just placing the two
cases together lengthwise and wrapping them
with a few turns of masking tape, but I have
found from experience that it is safer to twist a
couple of turns of wire around them first, then
finish with tape. It's a fact that at every public
display where I have seen these devices used (the
commercial ones, known as "rats" or "radios") at
least one of the cases has torn loose and sailed off

on its own unpredictable trajectory, often right
over the heads of the spectators!
A fuse, preferably 3/32" safety fuse although
black match and even touch-paper can be used,
should be inserted in the nozzle of each rocket
and secured with a little priming-paste to insure
ignition. The paste can be made from the propellant itself mixed with about 10% starch or
dextrin and dampened. The running line should
be firmly attached to two upright posts at least
50 feet apart for maximum effect, first securing
one end, then slipping the empty case over the
other and pulling the line quite taut while tying
it to the second support. Wire or even plasticcovered clothesline can be used, but great care
should be taken to see that it is perfectly smooth
the whole way, with no kinks that might cause
the rocket to hang up instead of sliding freely
from one end to the other.
The effect is enhanced if two or more rockets are
fired in sequence, and several can be threaded on
the line, igniting first the one farthest from the
post, then the next, and so on. Even better, a
length of fuse can be led from one nozzle to
another to achieve the same result after the front
rocket is lit, as is generally done with 5 or so of
them at commercial displays. (If anything but
safety fuse is used to convey the fire, black match
for example, it should covered between rockets to
prevent accidental ignition by the spark-trail

from the preceding rocket.) For public displays,
two parallel lines are usually strung, with such a
group of rockets at opposite ends and facing each
other, which with good timing gives the impression of a single rocket scurrying back and forth
several times from one end to the other like a
"rat".
The same effect can be produced by taping two
cases facing in opposite directions to the empty
case, perforating the solid clay plug of the first to
fire, and leading a piece of fuse from that orifice
into the nozzle of the second rocket. This method
has the advantage that only one operator is
needed, to light the first rocket, and only one line
need be strung.
There are several alternatives for mixing the
propellant, one of which - the "wet" method - is
claimed to produce a much more vigorous black
powder almost equal in strength to the commercial type but not requiring machinery for its
production, using the same ingredients in the
same proportion given here. I have described the
method that I've found to produce very good line
rockets that will even ascend in the air if attached to a light stick and can be used as wheel
drivers. One final caution: while black powder is
relatively insensitive to shock or friction, it is
easily ignited by any stray spark, so only nonferrous or wooden rammers should be used with
a steel spindle. MPVH
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STICKS FOR THE PICKING
Over the years of gathering pyro construction
literature, I have noticed little, if any, attention
given to materials for rocket sticks. The main
thrust of these construction articles is on engine
and payload. They always left the question unanswered: where does one obtain the sticks?
In times past, stained and dyed bamboo splints of
various sizes were available from pyro tool and
chemical suppliers. But not now. At the 1985
Franklin PGI convention I noticed some impressive sawed pieces of pine attached to the Lords of
the Air - Ten Pounders!! When I questioned the
producers of these ponderous vehicles of delight
about the sticks, they replied that they "just cut
them to meet the stability requirements". From
that time on, I have been in search of literature
on rocket stick materials.
Rather than purchase or saw out my sticks, I
have found a superior substitute where I live in
the frozen land of northern Pennsylvania. Goldenrod stems. Yes, you read that correctly: those
nasty weeds that make you sneeze, make your
eyes water, and in some people even provoke
asthma attack. What better revenge than to
launch them to the stars, scorching their tails,
and allowing their burnt hulks to plummet back
to earth.
Where to obtain them? Here's how:
1. If you already know what to look for, move on
to #5.
2. Obtain a copy of a good plant guide from your
local library. Suggestion: A Field Guide to
Wildflowers by Roger Tory Peterson and Margaret McKenny.
3. Look on old abandoned farms, logged over
tracts and stripmined areas. Generally, seek
waste areas with high acid soil.
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4. For sure identification, perform your searching in the blooming season. There are over 69+
species of this plant in the eastern U.S. alone.
5. Once you have identified your plants, note
locations and wait to start your picking until the
first snowfall.
6. Select stems that have aged one or two years
and are still standing. These are easy to spot because of their loss of leaves and bleached-out appearance.
7. Some of the best varieties to select are the
tall, showy, flat topped and clublike ones. Examples are Tall Goldenrod, Solidago altissima.
and Late Goldenrod, Solidago gigantea. both
species grow to six feet in height and are found
throughout the northeastern U.S.
8. Last of all, if goldenrod is just too offensive
or too short, you might try Joe - Pye - Weed
(various species) or the Iron Weeds (various
species). Both Joe - Pye and the Iron weeds
usually exceed seven feet in height!
I have not tried to stain or dye any of these
stems, But I have tested them on rockets ranging
in size from 4 oz. up to 1 lb. Again it should be
noted that the older weathered stems work best.
Stems that are slightly bent can be easily
straightened by using gentle heat from a gas
range. If you wish to save a dollar on sawed timber or mail order, go out and gather your own
sticks for free.
References:
Peterson, Roger Tory and Margaret McKenny, A
Field Guide to Wild-flowers, Boston, Houghton
Mifflin, 1968.
Newcomb, Lawrence, Newcomb's Wildflower
Guide, Boston, Little, Brown & Co., 1977.
DM

CROSS-SECTION OF A COMMERCIAL CHINESE
WHISTLING BOTTLE ROCKET
Have you ever wondered what a cross-section of
a commercially made Chinese Whistling Bottle
Rocket with report looks like? Well I have. They
look like this drawing.

report, and some of them go more like "poof instead of BANG!

They have an outside diameter of 5/16" and are
approximately 2-1/8" in length. The sticks are 10
to 11-inches long. The tubes are not even filled
half way. There's a brown powder that separates
the whistle fuel from the flash powder. I assume
it is some sort of clay.

I like to make whistling rockets in several sizes,
like 3/8" i.d. x 2" long, and 9/16" x 2 1/4". My observations concerning using sodium benzoate or
sodium salicylate for the whistle: I notice that
the benzoate gives a little more raspy sound,
somewhat different than the salicylate. I guess
the benzoate is OK but I prefer the sound of the
salicylate.

The only safe way I can take one of these apart is
to freeze them overnight in the refrigerator!
After I know that they are frozen solid, I don
safety goggles, heavy gloves, and apron. I don't
want to take chances! Even though frozen solid, I
still use safety precautions. I take a razor-sharp
steak knife and split the tube lengthwise.

It's true that privately made whistling devices
far surpass the performance of mass produced
Chinese whistling devices, especially those we
make on an arbor press. A recent question in
AFN asked if it is safe to dampen whistle comp
before pressing it. I tried it and it didn't quite
work for me.

If I were to reproduce these rockets, I'd put in
more whistle powder, because some of their
devices have very short whistles before they

I prefer potassium perchlorate, sodium salicylate,
iron oxide and some Vaseline to make my comp.
RS
Delay Fuse

Flash Powder
Launching Stick
Clay
Whistle
comp.

Scotch tape
Wad of paper

1/16" Safety Fuse
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THE BASIC TECHNICIAN - PART I
The slogan, "He who hath once smelt the smoke
is ne'er again free" is, in my case, true. Back in
the early 60's I was allowed to set off a number
of pieces of high altitude fireworks at a private
lake. I mean I actually loaded the tubes and
"FLARED" them off into the sky! What a mindboggling experience. Now, at 43 years of age, this
first experience has not left me yet. In fact, it led
me to experiment further through the years, even
as far as setting off some of my own displays.

Just remember, as always, I stress SAFETY
FIRST, LAST, AND ALWAYS!

Nowadays, everything seems to be high tech and
very complicated. But some basic stuff works too.
I found that plain iron filings do wonders for a
basic star formula. Big deal you say? Well, the
easiest place to get these filings is from your local
auto mechanic's garage. When a mechanic turns
down brake drums on a lathe, just look at what
comes off. Pounds of this item can be acquired
free, just for the asking. Want aluminum?
Simple, scrap tossed-out pieces can be filed with
a very fine file, and will render all the metal
needed for many experiments, and the cost will
be at a minimum. This is a form of re-cycling too.

Most sodium based formulas tend to draw moisture. If not careful, the best made stars or
whatever will not function as well as we would
like. I happened to come across a sodium chlorate
supply by accident one day. Welding sticks in a
can, most likely named "Metal-Ox" or, "Weld-Ox",
I found at a local hardware store. They are
designed to be used with a specific holder, but I
found they work great ground up. Just one
precaution, they contain a self ignition type of
substance on top. Extra care is needed when
removing it! Then I save it; it too makes a nice
colored star in its own right. It is the same type
of igniter as on road flares, which I have also
used.

A simple mortar and pestle can, to some extent,
grind the tiny pieces further if needed, but I
found they work just fine as is.
Having a hard time finding rosin? This old time
binder can be found at most any bowling alley
that sells supplies. They call it "Sports Rosin" or
a similar name. Again, it's a reasonable cost for a
cheap supply of a binder that not much is needed
to obtain fairly good results.
If you don't want the bother of making your own
metals or other items needed, think fireplace crystals. In some formulas they work OK too. Just
watch out for the high moisture content if left
exposed to the air for too long. They too can be
ground for a finer texture. When using the crystals, I found they worked best using a 4F black
powder for ignition.
Perhaps after reading the "Blender Rocket" story,
and possibly after reading my article, you will
begin to realize that there are other alternate
ways to construct fireworks, other than hi-tech.
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How about a cheap dietitian's scale for weighing
ingredients? Or a 290 scoop set for basic measuring, or spoon set. I just substitute the set's gradations for grams, ounces, pounds, etc. I found that
as long as I use some kind of basic measuring
device, although not as accurate as a balance
beam, the formulas will work reasonably well.

Looking for #200 tube inserts? I have tried
LEGGS pantyhose eggs. Reinforced with standard flour paste paper, they work excellently.
Fusing them takes some trial and error, but I
generally leave protruding about 1/4" of visco
fuse, and find it works. I have achieved some spectacular heights and delayed effects too. Packing
the egg with stars, crackers, or other formulation, properly spaced, has given me a starting
point for further experimentation.
PUMPED STARS? I have made the mix in old
plastic butter, or topping containers. Easy, then
they can be thrown away, or washed out for use
again. I take ordinary hangers, with pants bars,
plastic or paper type, put the mix into the tubes
and push out with a simple wooden dowel. When
using plastic tubes, I tape one end and fill with
mix, and put it outside in the sun to dry, but not
thoroughly dry. If the mix is left in the paper
tubes, it will then have a form of "boxed star", or
I peel off the paper; it works either way.

I save the old tubes, as most can be re-used later
to fit manufacturing needs. Even the most simple
star formula can be tailored to make gerbs, fountains and the like. Old fireworks cake tubes,
untied, work too. I look for some of the tubes
with chokes in the tops, to be cut off, or I gouge
out the clay bottoms, reload, reseal, and use over
again for whatever purpose.

Amazing how much old fashioned ingenuity you
can come up with, and I might add, inexpensive,
yet effective too. Have any unfired duds, or otherwise not-fired pieces? I save mine. I usually cut
open several of them just to gain composition
knowledge. Nothing ever gets wasted this way. I
check around carpet marts, and find lot's of
various sized tubes, which can be reworked to
suit a particular need. GH

THE BASIC TECHNICIAN - PART II
Getting back to basics, black powder was still
more effective in 90% of my work. Anyone with a
good basic formula, that he considers to be accurate, should use it. I obviously have a formula
of my own, but for the sake of the novice, 4F or
3F is good for starters.
If I take plain 4F and mix with iron, aluminum,
or even copper powders or filings, using a loose
bulkier amount for filling, let's say, in a Leggs
egg, then I will probably experience what I
describe as a golden colored glitzer. In the egg
canister, when loading stars, I used a powdered
false teeth adhesive for the binder, as it seemed
to work the best. I never did follow up on the
basic ingredient, I just knew it worked.
Round stars were my favorite. I could roll to any
size I wanted. When they were still damp, I
dusted them with 4F for a more positive ignition.
I could roll stars to perform any way I needed
them to. Layer 1 could be a base powder metal,
with a binder; continuing to successfully roll
another color, or any desired effect, the trailing
tail effect was phenomenal. I would sometimes
stay up until the wee hours of the morning, just
rolling and packaging my stars. I found by saving
old yogurt containers, with lids, made a great
storage system. Old peanut butter jars were good
also.
But I do want to tell you that, from all my years
of individual experimentation, I came up with
some mighty fine fireworks, both in ground and
aerial displays too. And although it may not
sound like it, I did sell some of my earlier formulas to individual jobbers, who in turn sold
them to some of the fireworks manufacturing

plants. It has been personally rewarding to me,
even though my name has not gotten credit. It
thrills me to know I had a hand in the commercially produced items.
Most of our technology today comes from such
individual experimentation. I praise anyone who
uses their brains to come up with any kind of
new ideas. This is what makes the world today
what it is!
I do want to state my own personal opinion on
one thing, the fireworks laws, as we now have
them. We can have laws governing the age limit
for driving, drinking, and many others, but why
not have some kind of law, let's say, age 21, for
allowing the use of our favorite item, FIREWORKS! The regulating forces regulate everything else in our world, I'm sure some kind of
compromise could be used in the fireworks part
also. Just because a specific number of people get
injured is no just cause to ban something. If that
were the case, then it appears that the
automobile, for instance, should be banned too. I
could continue for years on the subject, but I'd
better get back to my original story of the basic
STUFF. On metal casings: Even though I have
tried them, FORGET IT. They are the worst
form of flying shrapnel I have ever seen, and I
STRONGLY ADVISE ANYONE NOT TO USE
THEM. I stick to paper goods, as they are far
safer and fun to make besides. It is easy to make
formed tubes. All it takes is a wooden former
dowel, wax paper, newspaper, and some kind of
glue. The glue can be a simple flour paste, or
wood glue, or any other. All depending on the
strength of the casing you require.
Continued on next page
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I take a piece of flat board, drill a hole for the
size of dowel used, and glue fast to the board.
Next I wrap one or several layers of wax paper
around the dowel and tape the overlapped end.
Next I wrap newspaper, precut to any length
needed, or kraft paper, or even the stiffer colored
part of the Sunday paper. I wrap as many layers
as I want, because it can be pulled off the form at
any time, since the wax paper won't stick to the
dowel, and that is the trick. I use a 2"x4"x2'
board, and many dowels for mass production of
my tubes. And to this day, it is still cost effective,
in lieu of some of the commercially produced
paper tubes.
Even the most easily found drugstore items can
be very useful. Simple baking soda, used in
moderation, will slow down any flash formula
enough to use it for a fountain, etc. Epsom salts,
or standard flour can also be used to modify any
mix. A basic sparkler formula has, in fact,

dextrin, shellac, or gum arabic for the modifier
base.
Has anyone out there ever purchased a tube item
called "HOLIDAY SHELL"? Look at the construction. Look familiar? If so, then you can't help but
see the "Leggs" egg! You see, there are ways to
use common ordinary items to your advantage.
How about a shampoo called "Lemon-Up"? At one
time, and still available, though hard to find,
they used a plastic cap shaped like a lemon. I just
popped out the cap, and had a container I called
"8-ball". I have put aerial mixes into it, and no
metal involved. The hot plastic, once exploded in
the air, would cancel out all sharp edges.
I save the empty plastic bottle, use the cap, and
store a lot of finished product in it, airtight too.
Those lemon juice, or lime juice little squeezers
are ideal for any aerial application too. Even
aerial bombs. The strength of the case will have
to be improved, but they can be used. GH

PART 3 - THE PYRO GETS UNDONE
THE SAFETY FACTOR
Everything I have written for AFN so far was to
pass on my experiences in avoiding hazardous
experimentation, such as mixing chemicals indiscriminately while searching for a new formula.
Although there is always danger present in experimentation with chemicals, the uninformed
person is most likely to be the victim. Although
safety cannot be guaranteed, the following
precautions, followed religiously, have given me
a much better chance than if left to guess-work.
PRECAUTIONS:
1. I never experiment with or mix chemicals
without first determining the results to be expected.
2. I use common sense when working with chemicals, and never take chances with those which
are poisonous or dangerous in themselves.
3. I keep the work area clean. Dust from previous
experiments can be an explosion hazard when
working with pyrotechnic chemicals.
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4. When mixing acids and water, I always add the
acid to the water. Pouring water into an add can
cause the generation of enough steam to drive
the acid from the container.
5. When heating or mixing chemicals, I use a
transparent shield between the chemicals and my
face.
6. When testing, I always do so in an open area
and away from people.
7. Protective clothing, such as gloves and goggles
are used when I'm working with pyrotechnic compositions.
8. I never dry a mixture of pyrotechnic chemicals
by use of heat.
9. I never grind chemicals which could be ignited
by friction.
10. I always wash out the containers when done.
One extra note on chlorates. They are powerful
oxidizers, and react violently with many chemicals. I'm always sure that all tools are clean
before grinding chlorates.
Some chemicals have such great affinity for each

other that simply placing them in combination
can start a reaction releasing heat, gasses and
new compounds. Three examples of the combos I
would mix outside, or in a well ventilated area
are:
1. Equal portions of powdered aluminum and
iodine crystals. I do NOT grind them. Next I add
a drop of water.
2. One GRAM of potassium chlorate with two
GRAMS of confectioner's sugar (not ground
together). To this I add one DROP of sulfuric
acid.
3. Three GRAMS of potassium permanganate on
an asbestos sheet. To this I add two DROPS of
glycerin.

The basic three groups of pyrotechnic language
are:
GROUP 1 - Oxidizing agents: These are chemicals which release oxygen when they "burn" or
combine with other elements.
GROUP 2 - Reducing agents: These combine
with the oxidizers to produce the burning or explosive effect. The speed with which these react
determines the nature of the explosion. Carbon
compounds are very common for this purpose.

Being extra careful, I always wear eye goggles
and gloves.

GROUP 3 - Moderators or catalysts: These are
other materials introduced into a formula to
produce a desired effect. A catalyst is used to
speed up or slow down the reaction. It can be
used to produce more smoke, or to produce a
colored or sparkling effect, etc.

Note: Some of these chemicals are on the dangerous side, but I find it increasingly difficult
where to draw the line of "basics" vs. more advanced formulation.

Armed with the information I gave you up to
now, you should have a much better understanding of basic fireworks, yet sticking to the basics
of it, SAFELY!

Ah yes, the good old days of fireworks; days
before the "Child Protection Act", etc. Why back
in those days I used such chemicals as ammonium picrate, picric acid, mercurous chloride,
and lead chloride, just to name a few. Today,
picric types are considered unstable, although I
found that under proper conditions and understanding of these chemicals, I was able to
produce spectacular effects.

THE PYRO BECOMES UNDONE

There are other available chemicals now in use
that are supposed to be a lot safer. But even
some, or all of them, need to be handled with
care.
Some of the 'older' chemicals for color were:
YELLOW - sodium chlorate
GREEN - copper nitrate & or borax
PURPLE - lithium chloride
RED - strontium nitrate
ORANGE - calcium chloride
These are relatively safe to use, and are, for the
most part, still available today, although some
searching may be necessary.

Not long after I wrote the above piece, a dreadful
accident occurred, leaving me with 2nd and 3rd
degree burns on my hand, arm and face. It seems
that while using a blender to get my material
ready, the blender shorted out, throwing sparks
15 feet away on some stars drying in the sun, and
causing one hell of a daytime flash. I was burned
really bad. Luckily, I had separated all items in
different areas, not putting stars with oxidizing
agents, etc., or probably I wouldn't even be writing (trying to anyway).
This accident happened even though the blender
had a 3-prong grounded wire, with an extra
ground I installed on the housing. To avoid it,
how about enclosing the blender in a clear plastic
case with lid on top held down with rubber
bungee straps and only a small access area to get
at the controls? Even though it may be cumbersome, it may save some pyros from this kind of
freak accident. Freak accidents occur, and all we
can do is somehow guard ourselves against them,
thus giving ourselves a better chance of not getting injured. GH
65

UNEXPLAINED EXPLOSIONS AND
PROBABILITY THEORY
Having just finished Dr. Conkling's book,
Chemistry of Pyrotechnics, I have enjoyed the articles on the dreaded Globe Torpedo mixtures. If
any readers think that such a mixture can be
handled safely, they might wish to learn of the
following very simple experiments I did when I
first became interested in fireworks many years
ago.
I took a small pinch, maybe one-twentieth of a
gram or so of potassium perchlorate and placed it
on a thick steel plate. I put on a face shield,
grabbed a hammer and gave the potassium
perchlorate a good hit. It decomposed explosively
without ANY fuel being present! I was impressed
and gained immediate respect for the instability
of strong oxidizers.
I next mixed a 7:3 batch, a SMALL batch, of
potassium chlorate and sulfur flour. Upon striking a bit of this mixture in a similar way, I noted
an ear ringing detonation, almost as loud as
when I heated a bullet primer in a flame until it
exploded. The surprising thing is that, very often, unexploded but compressed residue of the
mixture will stick to the hammer or steel and
upon another hit, will explode violently again! Be
aware that striking more than a tiny pile of the
chlorate-sulfur mixture can shatter the hammer
face and inflict serious injury.
It is a well known fact that large quantities of sulfur and potassium chlorate can detonate and
cause enormous damage. Yet we have some of the
mixture remaining unexploded after a detonation
on the hammer face. Why?
Part of the answer may lie in the crystal lattice
structure of many oxidizers. Dr. Conkling mentions that the crystals which compose these compounds contain defects in what is otherwise an
ordered arrangement of atoms. Such defects are
probably wide-spread, at least in pyro compounds
containing impurities - as nearly all do.
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When we mix sensitive pyro compositions, we are
mixing millions of defective crystals. The theory
of probability suggests that this could be dangerous if the defects somehow increase the reactivity of the particle. The random coming
together of an unknown number of defective crystals in some particular way might lead to spontaneous electron transfer which would liberate
enough energy to make the reaction selfsustaining. More probably the slightest impact or
static electric spark, could either force the defective crystals close enough, or supply enough external energy to cause a reaction. While this idea
has no mathematical foundation, it could explain
what many pyrotechnists consider mysterious
explosions and infrequent impact ignitions.
One possible way to keep from getting incinerated would be to place a moderator
molecule, like water, in the way - in between the defective crystals. Water could cause problems, but dampness or high humidity might
greatly reduce the chance of spontaneous ignition by getting in the way of the reactive regions
of the crystals. Of course, this involves a very
limited time frame, so chemical reactions caused
by the presence of the water, i.e., aluminum
reduction or sulfuric acid conversion, are not considered in this treatment.
So anyone planning to mix sensitive compositions in dry weather may be playing Russian
roulette, especially with torpedo mixes containing a sensitizer like manganese dioxide. The manganese dioxide might do the opposite of the
water molecule and act as a catalyst. It might fill
a gap - act like a little wire if you will - between
crystal defects, and help the electrons transfer.
This could prove quite unfortunate and unpleasant which is why it is of utmost importance
to keep batches of sensitive compositions SMALL
(or better yet, don't make Globe Torpedo mix at
all). WS

Pyro Emitting Digital Display Device - (The PED3)
The Pyro Emitting Digital Display Device, or
the PED3 is a digital readout system using
pyrotechnic "light bars" emitted by specially
designed "readout gerbs". The gerbs used in
the PGI countdown, Pyropak® 3/4 X 6 Readout
Gerbs, have a 3/4 second burn time and produce
a 6-foot long, 18-inch diameter shaft of silver
sparks, forming a solid bar of light.
The bars produced by this device can be used to
create a display of any pattern which can be
executed in straight line segments six feet long.

To make a simple 7 segment readout requires
that the digit be 12 feet tall and 6 feet wide. A
display this size can be easily read by an
audience from a distance of 100 to 1000 feet.
The simple pattern of 7 segments allows you to
create the following alphanumeric characters:
1, 2, 3, 4, 5, 6, 7, 8, 9, 0, A, C, E, F, H, I, J, L, O,
P, S, U.
To produce the numbers 0 through 9, use these
patterns:

The placement and direction of each gerb is
indicated by the position of the arrows in the
diagram.
This arrangement is the same
geometry used in most digital clocks. Slanting
the vertical lines 5 to 10 degrees to the right of
vertical will make the display more legible, and
pleasing to the eye. A maximum of 7 devices
are required to display one digit.
The
countdown uses 51 readout gerbs wired in 10
circuits. Each digit must be wired as a
separate circuit connected to a controller
capable of firing them in the proper sequence.

It also requires gerbs which perform with
identical time, height, and diameter during
their burn.

The PGI countdown display was fired with all
squibs wired in series and used a controller
with a 24 volt power supply. For reliable firing
of 8 Pyropak® 3/4 X 6 Readout Gerbs in series, a
minimum power supply of 16 volts at 2
amperes, is needed. The success of the display
depends on reliable gerbs and careful wiring.

If letters other than the ones possible with the
simple 7 segment display are required for the
message, a much larger character is needed.
The major limitation with the PED3 display is
the lack of gerbs that will produce curved lines.
This means that while it is possible to produce
almost any message it is most practical to work
within the 7 segment readout limitations. TD

For countdown-type displays a burn time of 3/4
of a second works well. For messages that
require more time to read, like the date of the
new year, it is more effective to use a longer
lasting Pyropak® 10 X 6 Readout Gerb, with a
10 second duration. This technique has been
used since 1983 for New Year's Eve displays,
both indoor and out, with excellent results.
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FIREWORKS ON A BUDGET
I love fireworks! So does everyone, I guess, judging by the attendance at public displays. My wife
and I aren't satisfied with once or twice a year,
so we put up a few shells, and rockets two or
three times a week. We go to a small local lake
with a public boat ramp at about 9:00 p.m.. At
this hour, there are only a few people sitting in
their cars, watching the night go by. They seem
to enjoy our mini-displays, especially when everything works perfectly. The only problem is that I
shoot so many shells and rockets, I simply had to
devise economical short cuts and budget methods
to keep expenses within bounds. There have been
many disappointments and set-backs, of course,
but finally many of my ideas and procedures are
taking shape.
The first problem that I solved was a method of
making consistently good meal powder. I tried
hot saturated nitrate solution, into which I
stirred the proper amount of sulfur and charcoal.
I didn't like the results, and the process is messy.
No matter what I did, the re-crystallized nitrate
particles were much too large for a clean burning, fast meal powder.
The next step was to beg, borrow or steal a ball
mill. Since I own a machine shop, I decided to
make one. The result was a heavy duty, 5 lb.
capacity long drop ball mill constructed out of
spare parts. The receiver is a 24" long piece of 6"
dia. P.V.C. tubing with end caps, held in place by
heavy rubber bands.
This arrangement minimized confinement, in the
unlikely event of ignition. With this mill I get a
consistent "green" powder, that with modifications fills the bill, from candle comp to rocket
mix. I also built a wheel mill, with a spring
loaded, pressure down feed, to simulate commercial stone wheel mills. I can see no difference in
my powder and commercial rifle powder, except
that I'm not too fussy about sizing the grains, so
it probably wouldn't be as good, ballistically.
Years ago, when I only made rockets, my
problems were few. But now I'm so fascinated
with aerial shells, that I can't wait to learn everything I can about them. I quickly discovered that
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making a rocket fly was one thing, but a 3-break
aerial shell that works was another.
At first I had no success. I either got flower pots,
stars that didn't light, or shells that came apart
before reaching full height. Finally, I'd had it
with scrap paper and Elmer's glue. I must have
rolled a million tubes of every size and description in my life. There had to be a better way.
One day I stumbled over a length of 1" thin-wall
PVC tubing in my garage. This might be the
answer to quick, cheap rocket tubes, if only they
were strong enough. And what about shrapnel, I
thought, remembering the cautions about metal
components. I'd simply make sure that no one
was around when I tried one. I had some rocket
comp that was a little too vigorous, and I had
been meaning to tone it down some with charcoal before using it again. I thought to myself
that this would be the acid test regarding the
strength of PVC tubing. When the rocket was
ready, I instructed my wife to roll the car window
up, just in case. I lit the fuse, ran like blazes and
scurried behind the car to wait for the shattering
blast. To my amazement, the rocket suddenly disappeared with a deafening roar. It leveled out at
about 300 feet, then flew horizontally for quite a
distance, finally falling into the lake.
I hadn't put stars in it because I really expected
it to explode or at least "blow through". PVC
tubing is incredibly strong, even though it softens from the heat. By the time this happens
though, the rocket is well on its way, so I don't
think it matters.
I then realized that I could probably use PVC for
shell components too. I cut 1 1/4" PVC tubing into
1 1/2" lengths and squared the ends on a belt
sander. 1/4" thick plywood and a 2" hole saw was
next on the agenda, which supplied me with
1-15/16" dia. wooden discs. Plywood has since
never cracked or broken on me from lift blast.
The hole saw also conveniently leaves a 1/4" pilot
hole in the center of the disc, which is perfect for
the time fuse. Instead of using quarter inch blasting fuse, I merely hot glue the P.V.C. tubes onto
the plywood discs fairly centrally. I then pour a
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teaspoonful of rocket comp into the tube, which
is sitting on a hard flat surface. Next I poke the
composition into the quarter inch hole with a
slightly smaller rod and set the fuse hard with a
small tack hammer. I repeat this procedure once
more, and voila, a sure fire four second fuse. I
pour the surplus powder into the next tube, and
so on...
Next item is the lift charge cup. I bought some
spring water drink cup cones, and made a device
to punch them cleanly and consistently into
smaller cones to suit my purpose. I then hot glue
the reworked cone to the outside bottom of the
shell securely, and snipped 1/4" off the point of the
cone. With a small funnel, I poured in a level
teaspoonful of gun powder, inserted a 2" length
of safety fuse, and carefully pinched the 1/4" cone
opening around the fuse and glued it securely
with Duco cement. I used Duco cement from this
point on, even though hot glue isn't hot enough
to cause ignition. I then glued another prepared
plywood disc on the shell after the stars and
bursting charge are added. All joints must be
glued twice so that there are no leaks and the
shell is strong.
The shell now resembled a spool with the tube
diameter smaller than the end discs. This seems
to be reliable for up to 3 breaks. Beyond this,
centrifugal force is apt to sling them apart.
For a mortar, I use a 2" Schedule 40 tube, 20"
long, with a standard reducer plug cemented in. I
drill a 1/4" hole through a 1" threaded plug to
receive the fuse, when the shell is dropped into
the mortar. This is much easier if the plug is unscrewed before the shell is dropped in place.
The only problem I have had so far is the occasional failure of the second break to ignite. I
imagine that the top stars in the first stage insulate the second break time fuse from the burst
flame, causing misfire. Filling the shell completely with stars and meal powder seems to
have corrected the problem.
I am presently building a 5 tube set-up for a mini
finale! It sure is fun. SW
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VIS-A-VIS FOUNTAINS
There are many one item products that can be
made to sell. I remember one of the hottest
items, that we could not make enough of, was
Vesuvius fountains, a nice Class C item. We
simply had to know where to buy the used 6"
cones that cotton string comes on, then have a fixture made to hold the cones, make a wooden ram
and mallet, and then proceed to make the fountains.
The formula is:
Granulated potassium nitrate 8 lbs.
Sulfur
1%
Coarse charcoal
1
3/4
Steel
filings
3
The steel must be treated before mixing in the
composition. I would use an old frying pan, place
six pounds of steel into the pan and hold it over
the heat. As the steel turned purple, I would
remove it from the heat and sprinkle 2 or 3
tablespoons of stearic acid over the filings. Then
I would allow it to completely cool before mixing
it into the composition.
The amount of composition to ram into a cone
depended on the amount of time I wanted it to
burn. After inserting the proper amount of composition, I would place a 1 1/2" chipboard disc on
top of the composition and then ram. After ramming, I'd brush white glue over the disc, then
sprinkle sawdust over the glue and dump out the
excess.
Using a brass ice pick, I would punch a hole in
the top of the cone. The pick did not extend more
than 3/8" from the handle. Then I would take a
2 1/2 piece of green visco fuse, dip it into nitrocellulose lacquer, and insert it in the hole. After the
fuse dried, the cone would be wrapped in colored
paper. LJS

NEON BLUE & RECUMBENT LANCES MODERN DISPLAY IDEAS
This last 4th of July display, as is true of all
shows, was a learning experience. I had paid a lot
of attention to W.O.'s articles and had my finale
racks perpendicular to the crowd. All safety considerations had been met.
I used high lift HDPE 4", 5", and 6" mortars and
all leaders had been extended.
PUT THOSE ARTISTS TO WORK
Set pieces using wire lathe on a frame are my
preference and at 3 p.m. on the 4th I was drawing out the sponsors logo when it dawned on me
that one of my first time loaders was a graphic
artist with sign experience. Needless to say, I
called her to the frame and asked her to work on
it. I was intrigued with what she did.
First she laid the 8x10 frame on the ground and
used a double row of lances to block out the most
pleasing configuration of letters. Then she put in
different color lances (again a double row of
lances lying on their side) to indicate color, and
using an extra large white crayola wax crayon,
drew on the wire lathe around the recumbent
lances. I must say, the set piece was the best ever.
When completed, we used time fused Class C
hummers, dragon egg candles and time fused
color changing lances with a surprise barrage of
Fairy with Flowers (also Class C). The audience
was on their feet clapping and shouting, before
the finale.
TWO-FACED PIECES
I need to thank my friend Lyle for freeing me
from the old rattan/lance type of set piece. He
recommended using the wire lathe (available
from builders supply stores) as much time and
space is saved. In addition, you can use both sides
of the frame, and have two different set pieces in
one space. Of course you must turn the frame
around during the show.

KEEP 'EM GUESSING
Some other items put to good use this year were
about 20 of Starr Fireworks fine strobe pots,
each one of them taped to their own 6x6-inch
board, 6 feet apart and connected with quickmatch. I fired a girandola (Spanish) and had the
strobe pots time-fused to kick in afterwards. By
using the strobe pots as a beginning, it tended to
quiet the crowd and cause some wonderment as
it looked like a malfunction and gave plenty of
time to hoof it over to the flight racks for the big
opening.
GLOW-IN-THE-DARK SHOOTERS
Like many of you, I received C.W.'s piggy back
mailer in mid June. I noticed the offering of glowing necklaces offered by a company in Chicago
For $15.00 I received a sample kit full of wonderful glowing things. So for this year's show all
loaders, ready box people, videographer, and
shooters were outfitted with GLOWING NECKLACES. It really was a success; not only did it
identify personnel but during the actual show, it
was easy to see the brightly glowing circles and
always know where everyone was. From now on,
neon blue and opulent orange will be on all my
people during a shoot.
DIFFERENTIATING BY THE INCH
By the way, if these items are being sold at your
show, simply put some black electrical tape
spaced in 1-inch increments on the glow band
and it will give a dash/light (
) differentiating
your people from the crowd.
DAYLIGHT DRAGONS
Finally, a 3" Dragon Egg shell makes a nice
daylight shell, as it will make a smoke pattern
like a dry dandelion. The noise attracts attention
and the smoke lingers. This will work only on a
windless day. eeh
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MOLECULAR SIEVES AS CORES FOR ROUND STARS
The production of round stars with good size
uniformity is critical for the construction of
spherical shells with multiple-effect stars. Expert
star makers have an uncanny ability to roll stars
onto virtually any core, including small seeds and
tiny grains of sand, but the novice has a limited
number of cores to choose from. Bleser, in his excellent book (Round Stars & Shells) suggests
that beginners use bentonite-coated #6 lead shot
as cores for round stars because their uniform
size, relatively large weight, and near-perfect
roundness are highly likely to produce favorable
results. In practice, however, any serious star
maker - novice or not - must quickly find an alternative core unless

