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Why Do Tall Rockets Go Unstable

H
? —

By Tim Van Milligan

David Mathes writes:

“I read with interest the Rocksim vs Barrowman
article (www.ApogeeRockets.com/education/down-
loads/Newsletter238.pdf). I've had this goal of building
a tall rocket for some time. So the comments regard-
ing even the 1/70th model of the Saturn V were of
interest.

With higher strength materials from kevlar and
Blue Tube, to carbon fiber with epoxies, building a tall
rocket seems doable. However, at length/diameter
ratios of 100 or 1000 to one, other factors may come
into play such as vibration, the requirement for a sec-
ond *hull* to form an inner structure, and the distribu-
tion of forces along the length, especially any shear.
Small fins will be added the length of the rocket. The
weathercocking issue you cited recently concerns me
foo.

For high length/diameter ratio rockets, any com-
ments on what may be the limitations in Rocksim or
Barrowman.”

This is a good question that seems to pop up every
now and then. And | like to see people ask these kind of
questions, because it shows that there is a desire to learn
more about rocketry and how to make better rockets. And
it gives me something to write about, so please keep those
questions coming.

There was a great article by Robert Galejs called “Wind
Instability, What Barrowman Left Out” that describes the
situation with very long rockets. It can be downloaded at
http://projetosulfos.if.sc.usp.br/artigos/sentinel39-galejs.pdf.

I highly recommend that you read it, as he does go through
the math involved and points out the problem with long
rockets.

Basically, it comes down to the length of the tube itself,
and the aerodynamic forces acting on such a tube.

In 1966, Jim Barrowman assumed that rockets were
going to be flying at very low angles-of-attack. When you
make that assumption, the forces on a body tube are so
small that they can be neglected. That simplifies the equa-
tions greatly.

About this Newsletter

You can subscribe to receive this e-zine FREE at the Apogee
Components web site (www.ApogeeRockets.com), or by
sending an e-mail to: ezine@apogeeRockets.com with “SUB-
SCRIBE” as the subject line of the message.
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Figure 1: When a tube flies straight up, there are no
forces acting on it. But when at an angle-of-attack
(AOA), there is a force that is created.

In Figure 1, you see that if the tube is flying straight
into the wind, there is no lift force acting on the tube. But as
soon as you tilt it and present a side of the tube to the wind,
there is a force that is generated by the tube.

How big is this force created by the tube? It depends
on the angle-of-attack. For angles less than 10 degrees,
the force is very small and can be neglected. And that is
what the Barrowman Equations do. They just assume the
forces are so small that they are zero.

But for the sake of discussion, lets say that the force
was not negligible. What would that do to our rocket? That
is a great question.

To answer that question, we must first determine where
the force on the tube acts. In other words, if the tiny forces
acting on the entire length of the tube were summed up
and concentrated to a single force (to make things simple),
where would that force be concentrated at? That is pretty
simple. Since the tube has a constant cross section and is
therefore uniform from the top to the bottom, we could say
that all the forces could be simplified to be concentrated
right in the middle of the tube’s length. Again see Figure 1.

Continued on page 3\
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Why Do Tall Rockets Go Unstable?

Now that we know where the forces occur, we can add <1 <1
them to the other forces created on the rocket from such nose rose
components as the nose cone and the fins. The goal here
is to find out what would happen to the overall location of
CP on the rocket. The question is, will it move backward,
and make the rocket more stable, or will it move it forward
and make it less stable?

In Figure 2, we see that since the middle of tube is
ahead of the current CP, any new forces created by the
tube at this middle point will move the CP forward on the
rocket. The greater the forces, the more it will shift the over- tube
all CP of the rocket forward.

Once we realize this piece of bad news, we can start S|ca o|ca
looking to what might happen for those really long rockets. Fow<—T®|CP
As Figure 3 shows, the CP will continue to move for- Fout—T® |CP A
ward with an increase in the length of the body tube. It is A A
possible that the CP could slip forward of the CG, thereby Fibs <t Pt
making the rocket unstable. ~— ~—
SO tO dO a qUiCk I’eVieW here, ona normal rOCket, the Barrowman CP Location CP Location When Tube

Forces are Included

assumption that the tube contributes no forces is OK. But
on a long rocket, the immense size of the tube may mean
that the forces start to build to the point where you can't ig-

nore them anymore. It is going to shift the CP forward, and
P LIMITED Quality Hobby Shops
& Online Retailers
NOWONSAIB-ZS%oﬂ’sehchdmoddmckdﬁs-avaﬂabkﬁomApogeeRocMmdSmwudl

NOW ON SALE - 2.5% off Nylon Parachutes, NOMEX® Flame Resistant Blankets
and Shock Cord Protectors available from Sunward - www.sunward1.com

NEW 4 KITS and NEW PARTS

Gravity Rider - antares class™, Tri-Force™, Penguin™, MiniMoondance™
BT20 Baffles, BT20 Connectors. Assorted body tubes and connectors.
Watch for the new Floating Piston Launchers and Mounting Kits coming soon

www.sunwardl.com™ info@sunwardl.com™
SALE EXTENDED UNTIL July 31. GREAT SAVINGS NOW
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Figure 2: The forces created by the tube on the rocket
will move the overall CP forward, making the rocket
less stable.

(Continued on page 4\
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Why Do Tall Rockets Go Unstable?

could put the rocket on the hairy L n I
s edge of instability.

—~

The bad news is that neither the
Barrowman equations nor RockSim,
take this into account. The rocket
will appear very over-stable. In
fact, it will be so over-stable that
modelers will worry about weather-
cocking. This will then lead them to
believe that they should make the
fins smaller, as show in the middle
rocket in Figure 4.

Because the equations don’t
take into account the tube forces
on the rocket, the modeler should cG le ce @
R o<t not make the fins smaller on the CG &
long rocket, but actually make them
larger! This is counterintuitive, but
it is what happens when the body

contribution is taken into account. CcPl®
. Q_{[\

If you've ever witnessed a su-
<9/ nerroc competition, which is a NAR
contest event whose objective is to CP/®
make an incredibly long rocket fly

high or stay in the air the longest, [ﬁ O

CP|&

R you’ve probably noticed that a high
®|ca number of the rockets do go unsta-
L ble. Watching a long rocket perform  Figure 4: Left rocket shows the typical location of the

FE’ FE’ a powered |oop in the sky is pretty CP from the Barrowman Equations. Middle: The model-
neat. The basic cause, as we've just er makes the fins smaller to try to reduce weathercock-
ing. But this will actually make the model unstable.

Figure 3: The longer the rocket, the further forward Right: The modeler should actually make the fins larger
the CP is going to move. It could actually move ahead to increase stability.
of the CG, making the rocket unstable. ( Continued on page 5\

Your Cool Rocket Designs
‘ Look So Much Better In
-'E'ﬁ RockSim Version 9!

Launch It.
N oegﬂFmATIQ’b .
. % www.RockSim.com
Mac [ s(}'::‘ff;(:;,’;:::‘ﬂ";;‘;”ﬁjd i For further information, call Apogee Components at: 719-535-9335.
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Why Do Tall Rockets Go Unstable?

discussed, is that the fins are too small to take into account
the extra forces on the rocket generated by the tube.

And because the tubes are someone flexible, they usu-
ally will also kink in the middle because they can’t maintain
structural rigidity.

The flexibility of tubes is another problem association
with long rockets. They are more like long wet noodles than
a long stiff pole. Think about that for a second.

What is easier to do, to push a wet noodle, or to pull
one? In fact, it is near impossible to push a wet noodle in a
straight line. Give it a try sometime.

The exact same thing is happening with the long
rocket. The engine is trying to push this long flexible tube in
a straight line. The rocket is going to wobble on its way up.
And this makes the movement of the CP even worse. Why?

Remember we said that the forces on the tube are
pretty small at low angles of attack. But if the tube flexes,
portions of it are going to be a really high angles of attack.
So the forces skyrocket (do you like that pun?). It doesn’t
take long for the CP to shift ahead of the CG, and for the
entire rocket to go unstable.

If you make a long rocket, you must put a lot of atten-
tion into making sure the tube doesn’t have any curvature
to it, and that it is extremely stiff so that it can resist bend-
ing. Otherwise, it ain’t going to matter how big the fins are;
the rocket will go unstable.

Instead of pushing a long rocket into the air with the

motor at the rear, it might be better to
use a tractor configuration where the
motors are positioned at the front and

the rocket is pulled into the air. This is k\ Q
what bottle rockets do. Figure 5 shows
two tractor arrangements that might
work well for those long rockets.

Even with the tractor arrange-
ment, you still have to make sure the
tube is rigid, or the fins could be at a
different angle-of-attack than the front
end of the rocket.

In the RS-PRO software, we took
a different approach. Because the
CP shift is important, we have the
software shows the range of CP posi- [Jj Ef]
tions. On the 2D side view (Figure 6),
it shows the CP at 0° Angle-of-Attack
in a solid CP icon. Then it shows, in
dotted line form, the CP at 90° Angle-
of-Attach (the cardboard cut-out CP
position). It then connects the two
symbols with dashed lines to show
you that the CP will move throughout
the entire flight.

Figure 5: A mo-
tor in the back
will cause some
flexibility in the
rocket, making it
unstable. A better
arrangement is to
use a tractor con-
figuration (two
right images), to
pull the rocket
into the air.

The center-of-gravity of the rocket
also changes throughout the flight as
the motor burns off propellant. The CG

(Continued on page 6}

* Both body tubes are 11 inches long
* 11 fins that are 11 different sizes

*11 inches of Kevlar tied to,

* Launch with C11-5 Estes engine.
* Launched on May 2, 2009 at 11:11:11 a.m.
* Count down from eleven,

Elevate Eleven

EMRR’s “Elevate Eleven” contest was to celebrate EMRR’s Eleventh year and The Apollo 11’s 40th Anniversary of
landing on the moon. Contestants were to come up with something that promotes Eleven. Buy Eleven of the same
rocket and launch them all at once. Make a rocket that looks like an Eleven. Take 11 kids out for a day of flying.
EMRR didn’t care, but expected to be impressed.

Hans “Chris” Michielssen asks himself, “How many Elevens could | possibly incorporate into a model rocket? “
There are 33 - “Elevate 11 Features”. Here are some of them:

* 11 sided parachute, 11 inches in diameter, 11 X 11” shroud lines
* Fins made from 11 ply cardstock and paper overlays,

* 44 inches of shock cord (four pieces of 11 inch elastic tied together.

* Launch button pressed by an eleven year old girl named Emily.
* All rocket features - 33 in all - are divisible by 11!

Brought to you by Essence’s Model Rocketry Reviews & Resourses - www.RocketReviews.com
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Tall Rocket

Length: 22.2520 In. , Diameter: 1.1800 In. , Span diameter: 5.9000 In.
Mass 0.274238 Lb. , Selected stage mass 0.274238 Lb.

CG: 17.7284 In., CP: 19.4519 In., Margin: 1.46

Engines: [F108 1

CP at 90° AOA

CP at 0° ACA

Figure 6: The 2D side view from the RS-PRO software
shows the worst case CP position.

typically moves forward on the rocket, making the rocket
more stable. This is a good thing.

If the CP and the CG are both moving forward, that
offers us a little cushion in our stability margin once the
rocket takes off. To show this, there is a stability chart in
RS-PRO that shows that cushion because the CG is mov-
ing forward (see Figure 7).

From Figure 7 you can estimate the cushion in the stat-
ic margin of the rocket by drawing a vertical line from the
launch line to the burnout line. For example, at 0° angle-of-
attack, the static margin of this particular rocket will in-
crease from 1.5 to 2.8 as the propellant is consumed. Just
as a reminder, the Static Margin is the distance between
the CP and the CG divided by the diameter of the rocket.
So it is a dimensionless number. Another way of thinking
about it is that it is the number of tube diameters between
the CG and the CP. The larger the number, the more stable
the rocket is.

As long as the rocket doesn’t fly at an angle-of-attack,

31 —

26 ]
] Static margin-at burnout
21 ]

Static magin at launch

06 —]

01 -]

Static margin (Calibers)

03— Rocket becomes

Unstable

Rocket becomes
Unstable

08 —]

23

0° 10° 20° 30° 40° 50° 60° 70° 80° 90°
Angle of attack Deg.
Figure 7: The difference between the static margin at
lift-off and burnout is that the CG moves forward as the
propellant is burned off.

everything will stay fine and the rocket gets more stable as
it goes up.

(Continued on page ﬂ

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

By Timothy S. Van Milligan

to beginners to start them on their rocketry future.

site at: www.ApogeeRockets.com/design_book.asp

Apogee Components

For more information, and to order this hefty book, visit the Apogee web

3355 Fillmore Ridge Heights
Colorado Springs, Colorado 80907 USA

telephone: 719-535-9335
website: www.ApogeeRockets.com
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But from Figure 7, if the rocket is launched straight
up and immediately gets hit by a gust of a crosswind as it
clears the launch rod, the CP shifts way far forward. In this
particular design, the static margin becomes zero at around
20° angle-of-attack. The rocket is going to go unstable.

The good news is that if the rocket has already con-
sumed its propellant by that point, the CG has shifted far
enough forward that the rocket will still be stable. At a 20°
angle-of-attack, the static margin is still 1.3 (top line) if the
rocket has burned out.

Conclusion

Because the Barrowman equations ignore the forces
on the tube, long rockets are a challenge to design cor-
rectly so that they remain stable throughout the entire flight.
As a general design rule, if your rocket gets to be pretty
long, don’t make the fins smaller than the original fin-set
that RockSim creates. If you have RockSim, you know it
works. RockSim creates a generic set of fins to be used as
a starting point whenever you add fins to a design. Don’t
make them smaller if you intend to make the tube longer
later during the design process. That will keep you out of
trouble.

And try to use a tube material that is stiffer than a paper

tube. That will keep the rocket from bending and creating
more aerodynamic forces on the model.

About The Author:

Tim Van Milligan (a.k.a. “Mr. Rocket”) is a real rocket
scientist who likes helping out other rocketeers. Before he
started writing articles and books about rocketry, he worked
on the Delta Il rocket that launched satellites into orbit. He
has a B.S. in Aeronautical Engineering from Embry-Riddle
Aeronautical University in Daytona Beach, Florida, and
has worked toward a M.S. in Space Technology from the
Florida Institute of Technology in Melbourne, Florida. Cur-
rently, he is the owner of Apogee Components (http://www.
apogeerockets.com) and the curator of the rocketry educa-
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
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.
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