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The Math

D d d h t There is a little bit of geometry here, but just enough
c u es so we can build parachutes.

Fun With Polygons

If we look at any regular polygon with an even num-
ber of sides we see a diameter “across the flats.” This
By David T Flanagan is called the “inscribed diameter.” One half of the in-

scribed diameter is called the “apothem” of the poly-
gon. It is the radius of the inscribed circle. We use the
apothem as our reference dimension and symbolize
it with a lower case “a.” Figure 2 shows
a hexagon (left) and an octagon (right).
We calculate all the parachute di-
mensions using a value of “a,”
and we use “n” to describe
which kind of polygon we
are talking about. The “n”
stands for the number of
sides in a polygon. In Fig-
ure 2 the hexagon has six
sides (n=6) and the octa-
gon has eight sides (n=8).

Every amateur rocketeer has built or
at least seen “Odd-Rocs.” Models in the
shape of soft drink bottles, base-
balls, baseball bats, Santa
Claus, G.I. Joe, and even in
the shape of an outhouse have
been launched and recovered.

You can build strange para-
chutes, too. This article de-
scribes two simple but unusual
“‘odd-chutes” you can easily
make that will add a little fun to
the descent of your models.

Figuring out everything
about a hexagon or octagon
from the apothem is just like
figuring out everything about a circle

from the radius. If we know the radius of
a circle (a reference dimension) we know
everything about it — its area, its circumference, etc.

Right?
/ | || D

Many of the plastic parachutes sold with kits have | |
six sides. They are hexagons. What would happen if
you made a parachute canopy with six hexagons con-
nected in a circle? It can be done... Figure 2. The apothem “a” and inscribed diameter
“D” of a hexagon (n=6, left) and octagon (n=8).

And since they are related to a class Figure 1
of “real” parachutes called “annulars,” they =
might actually have some practical applica-
tions!

Figure 1. A white “Hexannular” parachute based on

six hexagons. Continued on page 3
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Continued from page 2 down the other side to the payload again. There are ac-
tually only six continuous lines on the Hexannular, but
when the parachute flies it
will look like it has twelve
lines. Figure 4 shows
the first two of the
Six continu-
ous lines
installed.

Making the Hexannular
We start by figuring out what size parachute we
want. For your first Hexannular a good size would
be a=8 cm to a=10 cm. After you have made one
chute you will be better able to judge how small
or big you want to go given the material you
have to work with and the rocket body tube
diameter. The apothem of the Hexannular
parachute pictured in this article is a=8.5 cm
(Note: 1 inch is 2.54 centimeters).

The maximum dimension of the canopy
is a little more than six times the apothem, or
6a. This is the size of the piece of canopy
material you will need to use — a little bigger
than a 6a x 6a square.

Once you have decided on your value for “a,”
make a single hexagon pattern out of cardboard. Using
that pattern, trace out a ring of six hexagons with their
sides touching. If you are really good you
can trace the ring shape directly onto the
canopy material. However, it is usually
it is best to draw at least three of the
hexagons of the pattern on to more
cardboard, then use the result-
ing “half planform” to trace
the full canopy pattern on
to the canopy material. . -

Figure 4. The

first two continuous

lines installed on the

canopy. Each line is taped in four places where
it meets the edges of the canopy material.

Each of the six continuous lines
must be taped or otherwise at-
tached to the canopy in at least
four places. Larger cano-
pies might need to have
the lines taped in more
than four places to keep
them from flopping around
and perhaps tangling the
chute during deployment.
The chute shown here has
each continuous line taped
in four places — at each point
where the line crosses the edge of
the canopy.

Figure 3. A Hexannu-
lar canopy, the "half-plan- -
form” used to trace it out, - -~
and the single hexagon = [
used to make the half plan- : !
form. LY

Lay the canopy out flat and install
the lines. The Hexannular uses “over the
top” suspensions lines (called “continuous”
suspension lines). Each suspension line starts
at the payload, goes up over the top of the canopy and

When the lines are correctly installed
they will form a six-pointed star pattern in the

Continued on page 4
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The “Octannular’ Odd-chute

Figure 7

Continued on page 5
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Continued from page 4

with. So pick a larger
size to try first. Itis
best to make an
octagon of the

selected sized /
and use the octa- /
make a half-planform,

gon to
which is in turn used to trace the canopy on
to the stock canopy material. Note for the
Octannular parachute you will need a piece of
stock canopy material with dimensions of about
7a x 7a to make the canopy.

The Octannular has two types of suspension lines

— there are four “continuous lines” that cross the apex
vent area, and sixteen “regular” suspension lines that

are attached to the skirt of the canopy in the normal
fashion.
cross the edge of the can-
opy. Figure 9 shows all
lines installed. If done
correctly you will
have 24 lines tied
together at the pay-
load attachment
point. As with the
Hexannular, do not
skip the apex vent
lines — the para-
chute will not open.

Figure 9. All four contin-
uous lines and all sixteen regular lines are installed on
the blue Octannular. Note that in the apex area where
the continuous lines cross they are tied together with a
short length of line. This makes packing the parachute
easier and reduces tangling.

Once all the lines are installed gather them togeth-
er. Even up the skirt of the parachute and tie off the

material (about 2 mil), and
was difficult to work

Lines are taped to the canopy where they

Vo [ o & [ ] — —3
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lines about 7a or 8a from the edge of the skirt. Trim the
excess and use your preferred method of attaching the
parachute to the payload.

The Octannular is
prepared for flight in a
manner similar to the
Hexannular. Also, as
with the Hexan-

nular, it is useful

to toss test the

Octannular to get
an idea of how it will
pack up and deploy.

Figure 10.
Toss testing the
Octannular

Annular Parachutes

Annular parachutes are a loose class of parachutes
characterized by large vent areas. Examples include
the so-called “airfoil parachute”, the annular parachute
used in mid-air retrieval exercises, and various other
ring shaped chutes. Generally they enjoy slower and
softer (but less organized) openings and are more
stable than “regular” parachutes. On the other hand
the large vent area generally means a higher rate of
descent.

Hexannular Formulas
The canopy area “S” of the Hexannular is

S =20.784a°

where “a” is the apothem. Or to work it backwards

f S
a=
20.784

Continued on page 5
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Continued from page 5

which will give us the apothem for area “S.”

Octannular Formulas
The canopy area “S” of the Octannular is

S =26.511a°

where “a’ is the apothem. Or to work it backwards

| S
a=
26.511

which will give us the apothem for area “S.”

Future Work
The Oddchutes presented here are based on sim-
ple hexagons and octagons. The geometry of polygons
suggests that it is also possible to arrange ten penta-
gons (n=5) in a flat ring, or even fourteen heptagons
(n=7). ltis not clear how the suspension lines could be
installed (there may even be alternate ways to install
suspension lines on the Hexannular and the Octannu-
lar.) Itis quite possible a parachute made of pentagons
or heptagons would not even open. The problem would
be the excessive vent area. The negative effect of a
large vent area might be reduced by an apex line. This
line would be attached at one end to where the suspen-
sion lines cross each other in the center of the vent
area and at the other end to the payload. If it is of the
correct length it will “pull down” on the inside of the ring,

helping the parachute inflate. Maybe!

A mix of polygons might also work. Possibly al-
ternating hexagons and octagons would work. To do

“,

this the edges of the polygons “e” must be the same
length.

General Formulas

[T} (7]

For any regular polygon of “n” sides and apothem “a”,

“a0

where “a” is the radius of the inscribed circle

S =a’ntan(180/n)

The mathematically inclined will notice that in the limit

I G H T

as “n” approaches infinity the coefficient of the square
of the apothem becomes pi.

lim ntan(180 /n) ==

n—eo

And this makes sense. A circle can be considered a
polygon with an infinite number of sides, and then the

apothem “a” becomes the radius.

For any regular polygon the edge length is

e =2atan(180/n)

or solving for the apothem
e

a=—-""--
2 tan(180 / n)

Note the above formulas assume the calculator is set
for “degrees.” If the calculator is set to “radians” replace
180 with & (pi) in all the formulas

There are many possibilities for combining polygons
and making odd parachutes. Might be a good science
project!

Mr. Flanagan holds degrees in life sciences and
mechanical engineering and is a registered profes-
sional engineer in several states. He has held both
research and engineering positions with contractors at
NASA -JSC, and is currently with Jacobs Engineering at
NASA - MSFC supporting the Experimental Fluids and
Environmental Test Branch. He is a licensed airplane
pilot, ultralight pilot, an expert scuba diver and a for-
mer Army paratrooper. He has had a life long interest in
parachutes and made his first sky dive at the age of 17.
He has made several hundred parachute jumps, holds
a master parachute rigger certificate from the FAA, and
has completed the University of Minnesota Parachute
Technology Short Course. He continues to monitor de-
velopments in the field of “aerodynamic decelerators”,
has made models of most types of parachutes, and has
flown most of them in model rockets. He lives in Madi-
son, Alabama, with his wife and two cats.
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Question & Answer

Q: Say | have a very short rocket, and there
isn't room in the body tube to install a parachute, but
the nose cone has a huge internal volume where | can
place the chute. In RockSim, how do | put a parachute
into the nose cone?

A: As you know from Rocksim, the software will
not allow you to attach a parachute to a nose cone.
The parachute button is greyed out when you select
the nose cone in the parts tree. To get around this, you
must start by attaching it to the body tube.

New Rocketry Education DVD

Companents Sratus
v4iSustalner
=" TiNose cone
v Body tbe
£ Apogee 24" Parachute
27 Fin se1
B Engine Mount tube
0 1§ Forward Centering ring
0 2 Aft Centering ring

Open up the parachute editor, and create the chute
as normal. The key trick is to TYPE in a negative value
for the location of the parachute. In this case, I've typed
a "-4.25 " into the location field.

[P [ pr— i —
8
- |
#
- |

=T g 1

[ 8] Dot e 1

This DVD was videotaped at a graduate course | presented for the
Space Foundation as part of their summer institute course “Rocketry and
the Biology of Living in Space, Space History, and Space Law.”

The purpose of my particular presentation was to give teachers
a strong foundation in rocketry, so that they could be ready to take
it back to their classrooms. There was particular emphasis on rocket
propulsion and rocketry stability. In the rocket propulsion discussion,

we talked about the physics - how rockets produce thrust, the types

of propellants used in model rocketry, characteristics of high and low
thrust motors, the nomenclature for rocket motors, the thrust curve,
and how to select the best motor for a model rocket.

Find it at
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http://www.jamesyawn.com/aiptek/index.html

As the price of solid state
video cameras continues to
%" come down (less than $30 these
days), many modelers are tak-
ing the plunge and putting these
devices into model rockets. This
issue's web site worth visiting is
%} one such story. It comes from
il the web site of James Yawn.

What | really like about Jim-
my's web site is that he takes
great pains to detail the process of how he does things.
You'll find very detailed step-by-step photographs of his
assembling the carrier for the Aiptek video camera that
he used.

The finished rocket is very nice. You can tell that
Jimmy is a expert craftsman. | could probably learn
a thing or two from him myself. And the video from
the camera is worth seeing too. Be sure to download
them.

N

{ Web Site Worth Visiting }

One of the other things that | like about the web site
is that you can tell Jimmy has a great sense of humor.
This makes it a fun web site to read too. Here is an ex-
ample of his writing style:

"My wild spending spree was short-lived. During my
morning in the hospital, many strangely-dressed people
stopped by my bed to express their concern, and offer
their services. One after the other they poked, prodded,
examined, questioned, informed, pierced, injected, and
poked some more. Every word, every gesture had a
price tag hanging from it. Every one of them wanted
a tip. Not right away, mind you. Didn't have to. They
have a talented and enthusiastic billing department to
back them up.

So | endured a period of forced frugality while the
tide of bills rose, fell, and rose again, washing my ac-
counts clean and leaving them to bleach in the sun."

If you want to put up a video camera, and would
like to see how someone else has done it, check out
Jimmy's web site. You'll definitely get a chuckle while
reading it, and it is well worth visiting.

e

In this book, you'll learn important things like:

» Five "light-weight" ways to reinforce fins
* How to sand perfect airfoils into fins

» Four ways to secure a motor when using a minimum

diameter rocket tube
How to make a fin alignment jig
How to get a glass-smooth paint finish

Four ways to anchor shock cords in large rockets
Eight types of rocket glider (RG) designs

How to design helicopter recovery models
Staging and clustering techniques

Repairing damaged rockets

And much, much more...

THE DEFINITIVE

Guide to Model Rocket Design

Two light-weight methods of strengthening body tubes
Three ways to build rockets that don't require recovery wadding

http://www.ApogeeRockets.com/design_book.asp
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( DEFINING MOMENTS )

Total Impulse

Total Impulse is the measure of how much power a
rocket engine has. | like to tell people that are just get-
ting started in rocketry to think of "power" as "how big
is your gas tank." The more Total Impulse a motor has,
the faster it can push a rocket, or it can make it travel
higher into the air.

Total Impulse is determined by measuring the thrust
of the rocket motor (measured in Newtons) and multi-
plying it by the duration of the burn time in seconds. The
units are then Newton-seconds (N-s).

For example, in the chart below, the rocket engine
creates 5 Newtons of thrust, and burns for two seconds.
The Total Impulse is then 10 N-s.

If the rocket motor produces 10 Newtons of thrust,
and burns for 1 second, it also has 10 N-s of Total Im-
pulse.

In these two cases, the amount of energy available
to the rocket is identical. That is why | say to youngsters
to think of it like "how big is your gas tank."

The NAR classifies rocket engines according to
the Total Impulse the motor produces. The chart below
shows the designation that is given.

Total Impulse gets a little harder to determine if the
thrust of the rocket motor changes while it is burning.
So what you have to do is to make a chart showing the
thrust at every instant during the burn, and then calcu-
late the area under the curve of the chart. This chart

Motor Designation Minimum Total Impulse ~ Maximum Total Impulse has a special name: The Thrust Curve (see httQ'//WWW
A 1.25 N-s 2.50 ApogeeRockets.com/education/dowloads/Newsletter
B 2.51 5.00 189.pdf).
© 5.01 10.00
D 10.01 20.00 As we saw in Newsletter 189 the E6 motor and the
B 20.01 40.00 A f
= 2007 5000 E30 both have similar amount of area under the curve,
' ' so they have similar amount of power available.
15.0 15.0
B 2 Related Information: Thrust Curve (http://
g 100 £ 100 www.ApogeeRockets.com/education/dpwn-
Z Z e
= [ loads/Newsletter189.pdf), Specific Impulse
E § (http://www.ApogeeRockets.com/education/
0 0 downloads/Newsletter188.pdf)
0 1.0 2.0 3.0 0 1.0 2.0 3.0
Time (seconds) Time (seconds)
60
50
Aerotech E30
w0 "'\\ L Total |enc1pu|se: 39.5N-s
z V'
Y
230
é \ Apogee E6
=20 Total Impulse: 38.67 N-s:
10 /
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