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Build a Great Science Fair Rocket=

By Tim Van Milligan

If you’re a science experimenter, or if you are mentor-
ing one, then you may need a good test-vehicle rocket for
your science fair project. In this article, | thought I'd give
you some ideas for one such rocket.

One of the most popular experiments that | see people
doing year-in and year-out is to find out which shape nose
cone is most efficient. I’'m beginning to wonder if anyone
has seen the other 68 projects in my science fair book
called “69 Simple Science Fair Projects with Model Rock-
ets: Aeronautics.” But it is a good project.

Just last week, | got this email from Tim Kreps, a
rocketeer in Maryland. He writes “/ just did an experiment
with my son (age 12, grade 5) and some students from his
science class on ‘the cause and effect of a rocket altitude
based by different nose cone shapes’. We built a mid-range
rocket (and a backup) and fired the rocket 12 times (3 times
each per nose cone type) to get an average altitude per
nose cone for a total of four different nose cones. We used
the same rocket and engine type for each flight. A very suc-
cessful experiment; rocket performed flawlessly. The boys
collected data by taking altitude readings (the hard way),
positioning themselves 500 feet from the rocket and taking
angle readings, converting the angle to their tangent and
producing a logarithmic chart in Excel to product their find-
ings for each nose cone type.”

It is a good project because it works. But as Tim Kreps
implied in his note, there is a hard way to do it. If that is
true, what is the easy way? Obviously, it is to use an elec-
tronic altimeter (www.apogeerockets.com/altimeter.asp) to
measure how high the rocket flew and avoid doing optical
tracking. These devices are very accurate and easy to use.
It is almost as simple as turning it on and dropping it into
your rocket. When you get the unit back, it tells you how
high the rocket flew.

The drawback, of course, is the price. | wouldn’t want
to lose one, and | definitely don’t want to do anything stupid
to damage it. The best way to protect it is to mount it in a
payload bay of a rocket. If you don’t do this, it is going to
get toasted by the intense heat of the rocket motor’s ejec-
tion charge.

(Continued on page Cﬂ
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Figure 1: The Avion rocket can easily be upgraded to
carry an altimeter payload and be used as a science
fair rocket to study aerodynamics. A popular experi-
ment is to see which nose cone shape is most efficient.
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Build a Great Science Fair Rocket

Mounting the altimeter in the payload bay is pretty
easy. In fact, if you’ve been following Apogee Components’
“how-to” videos, | showed you several things related to pay-
load rockets.

How to mount an altimeter into a small diameter pay-
load bay (www.apogeerockets.com/Rocketry_Videos/Rock-
etry_Video_04.asp)

How to make a payload bay for a rocket (www.apog-
eerockets.com/Rocketry_Videos/Rocketry_Video_09.asp)

And finally, how to make a tube coupler, which you will
need to use as a shoulder for the rear end of a payload bay
tube (www.apogeerockets.com/Rocketry_Videos/Rock-
etry_Video_08.asp)

With these videos, you’re about 90% complete to hav-
ing a good rocket that you can use for science fair projects,
such as the experiment to see which nose cone is the most
efficient.

There is one little problem you need to solve in order to
make the perfect science fair project workhorse rocket. Let
me explain.

One of the objectives of science fair projects is to teach
the scientific method. That is, you only test one variable
at a time. When doing the experiment with the nose cone

shapes, there is a second vari-
able that you have to neutralize:
the differing weights of the nose
cones.

Because the nose cones have
different shapes, they have differ-
ent internal volume. If you multiply
an object’s volume by the mate-
rial density, you get the object’s
weight. Even if the density of
the nose cone material is the
same, because you have different
internal volume, they will all have
different mass.

1

Figure 2: Different
shapes will have dif-

So what are you going to do ferent masses.

to make sure all your experimen-

tal rockets weigh the same when you go to launch them?
That’s easy. You add weight to the light-weight ones so that
they come up to the weight of the heaviest rocket.

Here’s what you do. We'll use the nose cone experi-
ment as the example. When you get your nose cones, the
first thing you’d do is to put them, one-at-a-time, on a scale
and write down what each one weighs. After weighing
them, I'd arrange them by heaviest to lightest.

( Continued on page 4\
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Build a Great Science Fair Rocket

The task at hand is to add weight to the lighter nose
cones so that they all equal the hefty one.

You could simply add washers or clay to the nose
cones, and that does work. But it never fails, right before
you go to launch the rockets, you find that the weight of the
heavy rocket changed. Maybe you had to add some tape
to the shoulder to tighten up the fit so that the nose doesn’t
fall off during the flight. Or maybe the motor you put in the
rocket is slightly heavier than the rest of the motors in the
test batch. Regardless, you now have a situation where
you have to adjust the weight of all the nose cones all over
again.

Fortunately, there are two ways to “easily” account for
the differing weights. And you can adjust them right before
you put the rocket on the pad for launch. Hint: a portable
battery powered scale that you can take to the range will
come in really handy.

The first way is to use tracking powder, and simply pour
it into the tube after you've inserted the wadding.

What is tracking powder? It is any non-flammable pow-
dery substance that you can put into the rocket that when
ejected will create a puffy cloud in the sky. This helps you
to find the rocket, since a large cloud is easier to spot in the
sky than a tiny rocket. Talcum powder works great, as does
dry tempura paint and ground chalk. | personally prefer
chalk, because you can get it in several colors.

Using tracking powder can be a bit messy and tricky.
If you don’t do it right, you can easily clog the tube and

then the parachute won't eject at the apogee point. For tips
on using tracking powder, see Newsletter 10 (www.Apog-
eeRockets.com/Education/Downloads/Newsletter10.pdf)

Just be careful when using tracking powder if you are
flying an altimeter in your rocket. | wouldn’t want you to
get a no-deploy and then see the rocket lawn-dart into the
ground and destroy that expensive altimeter.

The other option is to put ballast weight into the pay-
load bay of the rocket, instead of in the main body tube
where the parachute is stowed. The advantage of this is
that it is cleaner (no messy powder all over your hands or
rocket), and it doesn't interfere with the parachute coming
out of the tube at ejection. The one disadvantage is you
don’t have the benefit of a colorful cloud in the sky to help
you track the rocket if it flies too high.

What can you use for ballast? Great question. Because
the weight differences between the rockets may be small,
you need something that will allow you to get precise. The
same substances you may use for tracking powder could
work. But | prefer something a bit more gritty, like sand.

Sand works well, because it isn’'t nearly as messy as
powdery substances like talcum powder.

Obviously, you can’t put it into the same payload bay as
the one holding the altimeter. You wouldn’t want to plug up
the tiny pressure sensor with a grain of sand.

The solution is to divide the payload tube with a solid
bulkhead so that you can put the altimeter in one section,

(Continued on page 5\
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the airframe.

A similar technique can be used for 13mm o
motors (into an 18mm casing), and 24mm
motors (into a single-use 29mm Econoject
casing with a sleeve).

These are all described in the complete Fea-
tured Tip on EMRR.

Low Cost Adapters for Low Power Motors

As found on EMRR, contributed by Scott Turnbull: This article describes some low cost, do it yourself op-
tions for putting smaller motors in upsized motor mounts. For example, to use an
18mm motor in a 24mm mount, an adapter can be fashioned from a used 24mm
motor. An 18mm casing fits snugly inside a 24mm casing.

Using a razor knife cut a slot in the outside of the 24mm casing. Cut a narrow slit
all the way through the casing at the forward end of the slot to accommodate the forward hook of
a motor retention clip. Cut the slot so that a standard motor clip fits flush into the slot. The 24mm
casing, with its flush mounted clip, can be loaded with a 18mm motor and inserted into a standard
24mm mount. You can also use a section of 18mm casing as a thrust ring glued inside the 24mm
casing. Make sure the forward end of the adapter has a hoIe for allowing ejection gasses to enter

~
N

Brought to you by Essence’s Model Rocketry Reviews & Resourses - www.rocketreviews.com
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Build a Great Science Fair Rocket

and the sand in the other. Pretty simple, huh? I like simple
solutions.

Here are some step-by-step instructions for making the
modification to the payload tube.

Step 1. Size the payload tube so that its length will give
you room for both the altimeter and the ballast compart-
ment. Just lay everything out so that you can make the
front-to-back measurement. This includes the aft coupler-
bulkhead, the altimeter, the bulkhead between the two com-
partments, the length of the ballast compartment (I suggest
1/2 inch long), and finally, the shoulder on the base of the
nose cone.

Step 2: It can be tricky to get the separating bulkhead
disk (a thick piece of cardstock works great) into the tube
and perpendicular to the sides of the tube. What | suggest
is to glue the disk to a centering ring that fits inside the
tube. The ring will keep the disk nice and flat as you slide it
into the tube.

Figure 4: After gluing the ring to a piece of cardstock,
cut around the perimeter with a hobby knife.

Ballast compartment

Altimeter compartment

Figure 3: Size the payload tube to leave room for both
the ballast and the altimeter.

| found it is easy to make the bulkhead by first gluing
the ring to a slab of cardstock, and then cutting around the
edge with a hobby knife or scissors as shown in Figure 4.

If after cutting it out you notice any cardstock that over-
hangs the sides of the ring, you can sand the overlap off

P O S O o e et o | I

Figure 5: Sand ff an overlap tat prevens the disk
from fitting into the payload bay tube.

(Continued on page 6\
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Build a Great Science Fair Rocket

with a sanding block and a piece of sand paper. You want
the ring and disk to slide easily into the tube.

Step 3. Glue the ring and disk assembly into the pay-
load tube.

| suggest that you put the ballast compartment towards
the forward part of the rocket. There are several reasons
for this, and I'll list them for you so you understand the
process you need to go through as you start designing your
own rockets.

First of all, the manufacturers of the altimeters suggest
that you put the vent hole a certain distance back from the
base of the nose cone. The further back, the better. There
is going to be turbulent airflow coming off the joint where
the nose meets the front of the payload tube. Your vent
hole for the altimeter needs to stay out of this region, or it
could give you false altitude readings. Therefore by putting
the ballast compartment on top of the altimeter section, you
are moving the vent hole back down away from the nose.
This is good.

Second, as you’re putting the sand or the powder into
the tube, it is probably going to leave a little residue on the
inside edges of the tube. This is going to change the fit of
the shoulder as it goes into the tube.

Extended Avion - With Payload

< W[ =

Centering Ring and Disk Bulkhead

[\

Q™

e

Altimeter Payload

—

Ballast-Weight Compartment

Figure 5: General layout of a good science fair rocket.

Do you understand what I’'m talking about? Think of it
this way. Here is an experience all rocketeers know about.
After you've launched a rocket a few times, there is ejection
charge residue that builds up on the inside of the forward
end of the tube. You can feel its grittyness as you slide the
nose cone on the rocket. The same gritty feeling will occur
when you put the nose cone on the payload tube after you
put in the ballast sand.

The gritty feeling is more than a nuisance, it actually
changes the grip of the nose cone fit. In other words, the
nose cone may pull off easier. On a payload rocket, we
don’t want the nose cone to come off, do we?

Imagine what could happen if the ballast compartment
was on the bottom of the payload bay? Instead of changing
the fit of the nose cone, the dirt will change the grip of the
coupler on the base of the payload tube. Picture that, so
you understand what I'm talking about.

(Continued on page ﬂ

High Power Tubes &%Couplers

*\Won‘t!Shatter. Like Brittle Phenolic Tubes!

o¥SuperrSmooth Surface WithiTight Spirals

oiStandard LOC Diameters UpiTo 6 inches
X Cut andi Slot'With/ Standard Tools

Apocee

OMPONENTS

Page 6

((’(( -

www.ApogeeRocketstcomy/blueltubes:asp
ISSUE 237 JUNE 15, 2009

e No Fiberglass Wrap Needed

r

e Sands'and/Paints Easily

oliCheaper than Fiber-
gla’ss

Blue Tube From
Always Ready
Rocketry

T

""""E:-_J

wod sjaydoyaabody-mmm



http://www.apogeerockets.com/blue_tubes.asp

Continued from page 6

Build a Great Science Fair Rocket

Therefore, the coupler could come out by accident. And
when would that accident occur? Right... at the ejection of
the rocket. This means the payload bay (that houses the
expensive altimeter) and the nose cone would separate
completely from the rest of the rocket. It would mean the
entire payload section tumbling down and very likely getting
lost.

I would rather the nose cone pop off and get lost than

Figure 7: The coupler inserted into the bottom end of
the payload bay tube.

the coupler coming out and the whole payload bay getting
lost. Nose cones are much cheaper than altimeters.

Those are the two big reasons why | think you should
put the ballast compartment toward the front end of the
payload tube.

Step 4. The coupler that is inserted into the back end
of the payload tube cannot be glued on. Why? So that the
altimeter can be taken out and turned on and off between

Figure 6: To adjust the fit of the coupler, wrap tape

around the forward end to achieve a tight fit.
[ J I o
Staging Electronics
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Build a Great Science Fair Rocket started writing articles and books about rocketry, he worked
flights. on the Delta Il rocket that launched satellites into orbit. He
has a B.S. in Aeronautical Engineering from Embry-Riddle
The fit of the coupler is “critical” to mission success. Aeronautical University in Daytona Beach, Florida, and

It has to be a tight fit. Remember, we just finished talking has worked toward a M.S. in Space Technology from the
about this. If it comes out at ejection, you're going to lose Florida Institute of Technology in Melbourne, Florida. Cur-
the altimeter and the nose cone. rently, he is the owner of Apogee Components (http://www.
To adjust the fit of the coupler, add tape around the apogeerockets.com) and the curator of the rocketry educa-
front end so that it is a tight fit into the payload bay tube. tion web site: http://www.apogeerockets.com/education/.
He is also the author of the books: “Model Rocket Design
and Construction,” “69 Simple Science Fair Projects with
Model Rockets: Aeronautics” and publisher of a FREE e-
zine newsletter about model rockets. You can subscribe to
Conclusion the e-zine at the Apogee Components web site or by send-
ing an e-mail to: ezine @apogeerockets.com with “SUB-
SCRIBE” as the subject line of the message.

That is basically it. You'll finish the preparation of the
rocket by attaching the parachute and the shock cord to the
screw eye (or parachute loop) on the base of the coupler.

Now that you have this great research rocket, I'm sure
that you’ll be able to get excellent results from your experi-
ments. All your rockets will weight the same, which is a
critical step in the scientific process.

If you want more visuals on how to create this payload
rocket, see our web site for a new how-to video. It is at:
www.apogeerockets.com/Nose_Cone_science.asp.

About The Author:

Tim Van Milligan (a.k.a. “Mr. Rocket”) is a real rocket
scientist who likes helping out other rocketeers. Before he

Pratt Hobbies GO BOX
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@ Launch controller for mid-power rockets.
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No more dead AA batteries! A
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for launch safety.

Yy
$39.99
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circuit is armed and ready for launch.
Brought to you by:

-

@ Flatjaw alligator clips
(for easy hook-up of igniter.)
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Reader Questions About Cluster Motor Models=

By Tim Van Milligan

Dan Hoffman asks, “I launched a LandViper cluster
rocket, B6-4 x3, at a recent launch and at ejection, the
shock cord zipped the body tube and the nose and para-
chute separated from the main rocket body. My question
is, would a baffle help prevent this from happening with a
cluster rocket?

Response

I like this question, because it shows the importance
of flying skills, which are often overlooked by modelers. An
ejection baffle (www.apogeerockets.com/Ejection_baffles.
asp) would not help in this instance. A zipper is usually a
result of the rocket deploying the recovery device when it
is traveling too fast, either going up too fast, or arcing over
and coming down too fast. My guess is that since it was a
cluster, which has the potential to fly really high, it was still
heading up when the recovery device was deployed. The
solution would be to use a longer ejection delay in the mo-
tors so the deployment velocity is lower.

If you are using the RockSim software, check to see
that the “velocity at deployment” is lower than 35 miles per
hour. That is my own personal rule-of-thumb for the maxi-
mum speed when the chute comes out to avoid damage to
the rocket or recovery device.

You should also double or triple the length of the shock
cord (www.apogeerockets.com/shock_cord.asp). That

will allow the rocket a chance to slow down before being
yanked back by the chute.

While | don’t know if I'd recommend it, another solu-
tion would be to add weight to the rocket so it doesn’t go as
fast. You might also add some drag to the rocket, but that
would be a last resort option.

Cluster Rocket Question #2

David Hurlburt writes: “I just opened my new kit, Sem-
roc DEFENDER and | am really looking forward to a great
build and a terrific rocket. But
| have a question about the
engine retention.

“My concern is that | will
not have enough room to
adequately tape the engines
to the engine tubes.

“I do not want to put
tape around the engine for a
friction fit, so | am consider-
ing using flexible wire as you
demonstrate in chapter 6, pp
99 Model Rocket Design and
Construction (third edition).

“I know that you always
build and fly the Kits that you

Semroc Defender

ﬁ)ontinued on page 10\

Model Rocket Design and Construction

New 3" Edition Now Shipping!

This new 328 page guidebook for serious rocket designers contains the
most up-to-date information on creating unique and exciting models that re-
ally work. With 566 illustrations and 175 photos, it is the ultimate resource
if you want to make rockets that will push the edge of the performance
envelope. Because of the number of pictures, it is also a great gift to give
to beginners to start them on their rocketry future.

For more information, and to order this hefty book, visit the Apogee web
site at: www.ApogeeRockets.com/design_book.asp

Apogee Components
3355 Fillmore Ridge Heights
Colorado Springs, Colorado 80907 USA

telephone: 719-535-9335
website: www.ApogeeRockets.com

By Timothy S. Van Milligan
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Questions About Cluster Engine Rockets

sell, so | was wondering what method you used for engine
retention in this case?”

The Semroc Defender (www.apogeerockets.com/Sem-
roc_Defender.asp) is a great kit, and if you'’re the type of
person that likes unique looking rockets, I’'m sure you'll like
this kit a whole lot.

The instructions for the kit say to friction fit them into
place. As you may know, I'm not a fan of friction-fitting mo-
tors into the rocket. For me, it is a method of last resort.

The flexible wire method, which you mentioned, will
work fine on this rocket. But you really need to plan that in
advance prior to building the rocket. Otherwise, it would be
a real chore to add it after-the-fact.

Here is a simpler trick for you that works well with
three-engine cluster rockets like the Denfender. Start by
doing a light friction fit of the motors into the tube. Use just
enough tape to prevent the motors from falling out of the
tube, but not enough that it would be even a snug fit.

Then simply wrape tape around the exposed ends of
the rocket engines as shown in the photo.

It doesn’t appear that anything is holding the motors in,
but this really does work. “Why?” you ask.

Tape wrapped around the ends of the motors is enough
to prevent them from being spit out at ejection.

It is kinda like one of those chinese finger handcuff
toys. If one motor tries to pop out, it tries to bend the other
two over to its side. It actually wedges those two in tighter
in their respective tubes. So then none of them can come
out.

As you can see in the photo of the rocket | flew, all the
motors are still in place after the flight. Cool, Huh?

Advenrtise in the
“Peak of Flight”

Dollar for dollar, you’ll see the most results by advertising in the Peak-

of-Flight Newsletter. In fact, I guarantee it. If you don’t see more results

from your advertisement in the Peak-of-Flight Newsletter, I’ll run your
advertisment for two more issues at NO COST!

Call us at: (719) 535-9335
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