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Designing A Simple Glider
Using RockSim 7

By Tim Van Milligan

RockSim 7's ability to allow assymetrical fin arrange-
ments has opened up a whole range of rocket designs. The
guestion that pops up oftenis: “can | design gliders?’

In this article, we'll take alook at this subject, and dis-
cuss the abilities and the limitations of RockSim. I'll show
you one way to design asimple glider using RockSim 7. But
there are other ways too. The other method will be presented
in the next issue by Bruce Levison, as he shows you step-by-
step sometricks he usesto create pop-pod boost gliders. He' ll
even discuss how to run a simulation to get RockSim to esti-
mate the glide times of the glider after the pod falls off.

Asyou can see by the above introduction, itispossibleto
use RockSim to design gliders. Figure 1 shows the type of
simple glider designs you can create. Cool, huh?

The key feature in RockSim 7 that allows glider type
models is the ability to place each fin/wing individually on
the rocket, and to specify its position radially along the
centerline of the model. In the past, the minimum number of
fins that could be placed on the rocket was three. And the
spacing of those three fins had to be 120 degrees apart. One
fin, wasalways* up,” which defined thetop view of therocket.
The top was defined as zero degrees.

In RockSim v6, you could rotate those three fins around
the body. In other words, you didn’t have to have one fin at
the top (zero degree) position. But you couldn’t change the
spacing between the fins. They still had to be 120° apart.

In the new RockSim v7, both those design rules were
eliminated. Now you could specify two fins, or even asingle
finina“set” of fins. Thisiscalled Assymetrical fins. For more
information about this feature, see Peak-of-Flight newsl etter
issue#105 (http://www.A pogeeRockets.com/education/down-
loads/Newsl etter 105.pdf).

Thisisthe feature we needed to add wings to the rocket,
and to add dihedral to them.

| won't bore you with the step-by-step details on creating
asimpleglider. I'll just try to give you theimportant elements

Figure 1: This is the type of simple design we
can create using RockSim 7.

that it takes to create one. As you can see in Figure 2, the
simple glider is created using just seven individual compo-

nents.
In atypical boost-glider type model, the boom is made
Continued on page 3

|¥% rocksim-Untitied
File Edit View Rocket Simulation Help

DSE & E g B ¢+ H@EOX KN
Rocket design attributes  Rocket design components | Mass override | Flight simt

=
[— Nose cone
- (D boom
>\ Starboard wing
™\ Portside wing
"\ horizontal stabilizer
™\ Vertical Stabilizer
>\ Pod Mount

Figure 2: The basic layout of the glider is
created using just seven components. The
main wing is split into two parts.
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from a single piece of hardwood. This is where | cheated a
little bit. In my design, | created the boom out of a skinny
body tube. That way, | could simply attach the wings and the
stabilizers directly to it. When | actually build the model, I'll
weigh thereal boom, and then come back into my design and
override the weight of the skinny tube.

| also put atiny nose coneon thetube. | redly didn’t have
to, but | thought the design looked better with a rounded tip.

The main wing is split into two, with each wing panel
being a seperate “fin” in Rocksim. Why? Because the have
dihedral of 10 degrees.

This dihedral is added using the radial position feature
that is new in RockSim version 7. See Figure 3.

LB
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General | TTW Fin mount Radial position = Mass override | Drawing
Angle: |80.000 Deg. ~

Mfg. Part description:‘ Custom, glider wing main wing

Choose from Mark " Save to

database... B ES Ty database...
OK

Z5 61 30 = == O ® O
Glider Design Scale 1/11
Rocket length: 20.200 In., diameter: 0.25 In., span diameter: 18.250 In.
Rocket mass: 22.165 g, Selected stage mass: 22.165 g
Shown w/o Engines.

Aft View Of Rocket

Figure 3: The dihedral angle of each wing is
\set individually. In this case, it is 10 degrees.

N
One thing that I'd like to point out is that | made sure to

give each part in the design adistinctive name. Such as* Star-
board wing” and “Portside wing.” Thisreally helps you later
when you come back and edit the design. And it really helps
other people decifer your design when you share the rocket
file with them. | guess thisis a pet-peeve with me... | get so
many designs to look at, and when everything has default
names, such astrapazoid fin, trapazoid fin, trapazoid fin; itis
difficult to determine which is the aft fin versus a forward fin.
It only takes a few seconds to change the part names; so |
urge you to do this.

The horizontal and vertical stabilizer fins are pretty easy
to add to the design, that it isn’t worth talking about. | added a
glider pod hook (called apod mount) to thefront of the model.
| used asmall fin to represent this part of therocket. Thisisan
optional part to add. | probably should have used a mass ob-
jectinstead of afin; but the piece might affect the aerodynam-
ics of themodel, so | decided to use the fin.

Why Design Gliders In Rocksim?

Now we come to the crux of thiswhole article.

Why isthis even an important question? Because thereis
one thing that RockSim does not do. It does not track the de-
scent of the glider. In other words, it will not tell you how the
model will fly when you toss it into the air.

Knowing thissetback, why thenisit worth designing glid-
ersin RockSim?

Theanswer isthat RockSim can estimate something very
important about your glider. That is, the position of theglider’s
CP (Neutral Point).

The point where al the aerodynamic forces on a rocket
balanceiscalled the CP (you already knew that...). Onaglider
it is called the Aerodynamic Center (AC).

The CG location on a glider, which would result in ex-
actly neutral stability (such that if the glider where disturbed,
there would be no resulting pitching moment), is called the
Neutral Point. On our gliders, if we position the CG exactly
on the Aerodynamic Center (AC), we have located the Neu-
tral Point.

In other words, the neutral point isthus equivalent of the
Center of Pressure (CP).

Why isthe Neutral Point critical? Becauseit allowsusto
trim the glider properly for balanced flight.

Most modelersthat get started in glider type modelstrim
the glider by hand tossing. It is a by-guess, by-golly method
that I’ve used in the past too. It is frustrating, because you
start by guessing where the CG should be for a proper glide,
and then you wing the model into the air, and hope it flies.

If it doesn’t glide, and if it doesn't crash and break, you

Continued on page 4 )
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shift the CG (by adding weight), and hurl it into the air again.
You repeat thisprocess until you get something that resembles
an adequate glide.

The question becomes: “is this the best CG and trim for
the glider that yeilds the slowest rate of descent?’ Or isit just
a good point where the glider doesn’t crash? The answer to
these questionsisthat you really don’t know. Itisjust aguess
afterall.

For the competition modeler, or the person that just wants
to get the longest duration glide out of the aircraft, they want
a better way of trimming the glider. They want to make sure
the glider will come down slowest (so it stays aoft the long-
est).

Thisis done by finding the neutral point, and then posi-
tioning the CG location. Once the CG is selected, the glider is
trimmed by warping the flying surfaces to get a good flight
profile.

Does this “neutral point” method work? Yes! Competi-
tion modelers swear by it.

How Do You Calculate the Neutral Point?

There are three methods. Obvioudly, since thisis an ar-
ticle about RockSim, we know that RockSim can give us a
good approximation. We'll talk more about it below.

There are also quick-and-dirty calculations in an article
that appeared in American Spacemodeling magazine (see bib-
liography at the end of this article). While it is afairly easy
equation, it does take some time to calculate. For the most
part, these equations are adequate even if they are a rough
approximation.

For a more accurate location of the Neutral Point, you
have to do alot more calculating. Thisis described in an ar-
ticlethat appeared in the Journal of the M.1.T. Rocket Society.

But, we're in the computer age. Why do the calculations
long-hand?

With RockSim 7, we can get agood approximation of the
CP (where the neutral point is), and then we can shift things
around to get the CG point in the right place.

The beauty of RockSim isthat it is“visua.” Asyou de-
sign the model, you can actually see what it will look like.
And if you want to make a modification, you see the results
instantly, without having to recalculate the neutral point.

Where Should The CG Be Located?

Thisisatopic of much debate.
Mark Bundick (President of the NAR) likes to position
his neutral point so that the glider has a 10% static stability.

.

I’ ve seen other people say 20% static stability.

Thelower the number, the closer the CG will beto the CP
point. That means the glider will take alittle bit longer to re-
cover from adisturbancein the glide.

By the way, what does 10% static stability mean? Here's
how you calculate it. You'll find this pretty simple.

1. Takethelength of theroot chord, and multiply it by the
static stability margin you wish to use. For example, say your
glider hasaroot chord of 3 inches, and you want a static sta-
bility margin of 10%. So 3 inches multiplied by .10 is 0.3
inches.

2. Now find the CP location of the glider. Thisis where
RockSim comesin...

3. Finally, you want to balance the glider so the CG posi-
tion is0.3 inchesin front of the CP position.

The RockSim CP Location

As you design your rocket in RockSim, there will be a
summary on the bottom of the main screen showing you where
the CPislocated (seefigure 4).

=4/ 5 30| = =6 =

Glider Design Scale: 1/5

Rocket Length: 20.200 In., diameter: 0.250 In., span diameter: 18.250 In.
Rocket mass: 22.165 g, Selected Stage Mass 22.165 g

Shown w/o Engines.

— ]

CP = Neutral Point U

Method CG Na Static margin Analysis
RockSim 7.4 77.077 -1.34 The rocket is UNSTABLE!

For Help, press F1 NUM

Figure 4: RockSim wiill find the Neutral Point.

C:j

There is something to be aware of ...

RockSim was designed for rockets, not gliders. So you
have to make sure the CPin the summary istheright CP loca-
tion. To double check, use the Rocket Stability screen from
the “Rocket” pull-down menu (see figure 5).

There are CP's around the entire rocket. This was dis-
cussed in Peak-of-Flight newsletter #105. We want to have
the CPlocation that is on the TOP side of the glider. In other
words, if you were looking down on the wings.

Once you know the CP location, you can add weight to
the glider’s nose to move the CG into the correct location to
give you theright static stability margin.

If you want to keep the glider aslight aspossible, you can
also adjust the positions of the wings, or the length of the fu-
selage boom. What | like to do is reference the wings to the
base of the boom tube. Soif you make the tubelonger, it auto-

Continued on page 5/

APOGETE

Page 4



http://www.apogeerockets.com

ISSUE 115 - NOVEMBER 21, 2003

P E A K O F F L

I G H T

Simple Gliders

Continued from page 4

\ J

4w

[ stability Analysis
192 Glider Design

CP (in.) / CG (in.) vs. Radial view Angle

||
[elc] CP Stable

]
CP Unstable Fins

CcP
(Neutral Point)

Aft View Of Glider
180

Figure 5: Look at the Rocket Stability chart to
make sure you have the correct CP location.

matically moves the wings backward. It isreally dlick. If you
want to see asample glider that | used in this article, you can
download the .rkt file from the Apogee Components web site
at:

http://www.ApogeeRockets.com/education/downl oads/
glider.zip

How to Trim The Glider?

Once you build the glider from the RockSim design with
the CG in the correct spot, will it automatically be trimmed?
In other words, can you takeif off your workbench and go out
and launch it with arocket? Of course not.

You'll till need to trim the glider. But instead of sliding
the CG back and forth, you'll tweak the control surfaces. For
example, you may need to add more decal age in the horizon-
tal tail to get it to pull up abit more.

Thetopic of trimming aglider is beyond the scope of this
article. But you can find out more information in the book:
Model Rocket Design and Construction. It can beordered from
Apogee Components at:
http://www.A pogeeRockets.com/design_book.asp

\_How Accurate Is This Proceedure?

| did compute the neutral point using the quick-and-dirty
calculations from American Spacemodeling magazine, and
compared it to the RockSim design | referenced earlier.

The quick-and-dirty method put the neutral point 6.55
inches from the tip of the nose cone. RockSim calculated it at
7.097 inches from the tip of the nose.

Why the difference?

There are two reasons. First, RockSim is actually calcu-
lating the forces on the flight surfaces. That should make it
more accurate than the quick-and-dirty calculations. That's
the good news.

For example, because the wings have dihedral, they pro-
duce less “up” force. RockSim does take this into account.
But it isn't taken into account by the quick-and-dirty calcula-
tions.

On the other hand, RockSim does overestimate the force
of the horizontal stabilizer. Inreal life, Thetail feathersarein
the wake of thewing. Asthe air flows over thewing, it leaves
theback edgewith adightly downward direction. Thisiscalled
downwash. The horizontal tail flies through this deflected air.

What this meansis that the horizontal tail is actually fly-
ing at an angle of attack instead of being streamlined to the
airflow (See Figure 6).

C .

Airflow over Glider

e — ——— T U
————

Figure 6: The tail is in the wing's downwash.
So it flies at a negative angle-of-attack.

Because of the downwash, the tail becomes less effec-
tive. There is an efficiency factor in the “full” neutral point
calculations to account for this downwash. It can mean that
thetail is between 65% to 85% efficient. However, RockSim
assumes it is 100% efficient.

If you want to account for thisin your RockSim design
file, you should reduce the size of the horizonta tail to the
percentage of its efficiency. If your tail is 85% efficient, re-
duce the size in RockSim 85%.

What about the Boost Phase & Glide
Phase?

Assaid earlier, RockSim doesn't track the glide phase of
the model. Again, RockSim was meant to be a “rocket” de-

Continued on page 6 )
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sign program, not a glider design program. We'rejust able to
useit to find the neutral point because it calculates the forces
on each wing.

At the sametime, RockSimwasn't originally designed to
track the launch phase of boost gliders. But then again, many
users of the software have found ways to trick RockSim to
performall sortsof odd-ball designs and complex simulations.
And in the next issue of the Peak-of-Flight newsletter, Bruce
Levison will show us away to simulate the launch phase of a
boost glider.

Conclusion

In conclusion, RockSim can be used to help design a
simple glider. In particular, it hel ps you approximate the neu-
tral point of the glider. Once you have this, you can set the
glide CG and begin the task of trimming the model for flight.

While RockSim wasn't specifically created to do thistask,
it does have alot of versatility, which is becoming more ap-
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How Composite Propellant Rocket Motors Work )

1 2 Phenolic Plastic
ot > o\o‘ Paper Case
W Cap \
Ejection Molded Phenolic
G\)Qoé Charge Nozzle
00((\ Delay .
Hold The phenolic case
Ry olaer and the nozzle are
Grai much stronger than the
Valln paper case and clay nozzle used
"Composite" in Black Powder motors. They need
Propellant to be, because Composite propellant
burns hotter and creates higher pressures
Nozzle inside the motor.
3 4 Delay Holder
) . Is Also A
~'C-Slot" Forward Bulkhead
Grain Configuration
Delay Grain
The s!ug of The delay grain
.propellant in the burns at the same time
motor is called a grain. as the composite propellant.
The "C-Slot" grain is just one Because of this, it adds to the
of many different configurations. thrust of the motor. To minimize the
Another common one is a single hole; or effects of this, the delay is often smaller in
"core" that runs through the middle of the diameter. The delay holder acts as a bulkhead,
propellant slug. holding the pressure inside in the motor.

Paper Cap

Black Powder
Ejection Charge

On top of the delay

grain sits the loose

black powder ejection

charge. When the flame reaches

this, it burns violently, and pushes off

the paper cap holding it in the motor. The
hot gases also pressurize the inside of the

rocket, pushing out the parachute recovery device.

One thing that
is unique about
composite propellant
motors is that the delay
burns while the motor is
thrusting. Therefore, the length of the
delay must account for some amount of

burnoff during the thrust phase.
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