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I had a customer ask me if RockSim can simulate a 
unique type of rocket that is called the “rack rocket,” or 
sometimes called a “train rocket.” The rocket is shown in 
Figure 1. Essentially, it is a multi-stage rocket for black-
powder engines, but has only one set of fins.

The only advantage this style rocket has over a tradi-
tional multi-stage rocket is that it is slightly lighter weight, 
because it has fewer parts. The fins are attached to stiff 
wooden rails that extend off the rear of the rocket. There 
is usually a ring near the bottom, just so the rails don’t flex 
outward and allow the motors to drop out. I just didn’t put 
that little ring in the bottom so that you’d understand what 
the rocket typically looks like.

Figure 2 shows what the rocket looks like with the mo-
tors installed. 

As mentioned, this is a multi-stage rocket where the 
black powder motors fire off in sequence, from the back 
towards the front. It requires direct staging, so it can’t use 
composite propellant type motors.

When a motor is done firing, it simply ejects rearward 
out of the rocket. And that is the bad aspect of this type of 
rocket that I particularly don’t like. Having free-falling mo-
tors dropping out of the sky is a safety hazard. Even though 
they are burned out, they are still very hot, and if conditions 
are right, they could cause a fire. So if you fly this type of 
rocket, please tape a streamer to each of the motors, so 

that as they are ejected, they are slowed down and have a 
longer chance to cool off.

The second issue with these rockets is that the exhaust 
plume of the top stages strikes the rails where the fins are 
attached. It is because the upper stage motors are so far 
foward in the rocket. Essentially, the rails have to be made 
extra durable and stiff so that they don’t fall off during the 
flight. Usually, the damage on the flight is very significant, 
and the rockets don’t last very long.

The third issue is that these rockets are really prone 
to weathercocking into the wind. They seem to travel more 
horizontally than they do vertically. The reason is that they 
are very over stable by the time the upper-most motor is 
burning. We’ll discuss that more further on in this article. 

Getting back to the original question, the answer is 
“yes.” RockSim can simulate these types of rockets without 

Simulating Rack Rockets in RockSim

Figure 1: A rack rocket is a multi-stage rocket, but has 
only one set of fins.

Figure 2: The motors installed in the Rack Rocket.

Figure 3: The elongated fins used on the rocket.
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Continued on page 4

too much of a problem.

If the rocket uses just three motors, the RockSim de-
sign file is surprisingly simple. In that case, you’d design a 
rocket that looks like Figure 1. It would have just basic parts 
like a nose cone, a body tube, and a fin set.

The only thing that might be considered unique is the 
shape of the fins. This is where RockSim’s free-form fin 
editor comes in really handy. Figure 3 shows what the fin 
would look like in RockSim’s free-form fin editor.

To add the lower stages, your design will need a tube in 
each of the stages in order to add a rocket engine. In real 
life, these tubes wouldn’t exist. But RockSim needs them 
in order to know where to place the motors for the simula-
tions. So we absolutely need tubes. And this is probably the 

confusing part for 
designers, because 
in real life, they 
won’t exist.

But the simula-
tion can be fudged 
to make it work. 
In this case, we’re 
going to add tubes. 
However, we can 

make them so wafer-thin that they have near zero mass. If 
they have low mass, they might as well not exist.

To make the length of the rocket come out right, the 
length of the engine mount tubes is the same length as a 
real rocket motor. Since my design is built around the Estes 
D12 motor, I made the engine tubes 2.75 inches long.

The parts tree in RockSim now looks like Figure 4. It 
looks pretty simple doesn’t it?

In Figure 5, I colored the two extra tubes so you can 
see what they look like. If you don’t want to see the tubes, 
then open up the tube editor, and change the opacity of the 
parts to be 0%. In actuality, Figure 1 is the same rocket but 
the tubes were made transparant.

www.ApogeeRockets.com/ProLine_Composites
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Figure 4: The 
parts tree for the 
Rack Rocket.

Figure 5: The colored tubes are the lower stages of the 
Rack Rocket.
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Continued on page 5

Before you run 
your launch simula-
tions, be sure to check 
the 2D view and note 
the stability margin of 
the rocket. 

At this point, you 
can run a launch 
simulation to see how 
well it did during the 
flight.

I like to look at the 
graphs to verify that 
everything in the simu-
lation looks correct. 

The first graph I 
want to look at is the 
thrust of the rocket. 
It sets a time-line for 
the flight. Since there 
are three identical D12 
motors in the rocket, 
I should see three 
identical thrust curves. 

Continued on page 10
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Looking For A Fun Rocket Kit?
Roam In Our Forest of Over 190 Different Types

• Unique and exotic kits 
from over 20 different 
manufacturers

• Skill Levels range from 
“easy” to “fiendish”

• Sizes from 1/4A motor 
to level-2-high-power

• We build & fly them to 
find out what they’re 
like, saving you grief

• More new ones arriv-
ing all the time

• Educational bulk packs 
available too 

Rack Rocket
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Figure 6: Graph of thrust, mass, and static stability margin.
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Continued on page 6

This is shown as the green line in Figure 6. The first time I 
ran the simulation, the thrust curves looked different. There 
were different peak values for the initial lift-off spike. The 
reason for this has to do with the default step-size that 
RockSim uses as it performs the iterations of the simula-
tion. By default, it is set at 800 samples per second.  What 
this means that it calculates all the flight parameters 800 
times for every second the rocket flies. This sounds like 
a lot. But during the portion of the flight where things are 
changing fast (like at lift-off), then it can miss seeing points.

Later on in the flight, where things are going more 
slowly and smoothly, like as the rocket nears apogee, the 
800 samples per second is overkill.

So for this particular flight, since I am more interested 
in what is happening at lift-off than how high the rocket 
is flying, the step size is too large. I can change it in the 
“Simulation Controls” tab when entering the rocket mo-
tors into the design. So I changed it from 800 samples per 
second to 1500. That was plenty to capture the peak thrust 
point of the motors. So now the thrust curves look identi-
cal. Just remember to turn it back down to 800 samples per 
second, or it will take a lot longer for your simulations to 
run, and you’ll be using up a lot of memory because of all 
the information that Rocksim generates and has to store.

The next piece of information I want to look at in the 
charts is the mass curve. This is the orange line in Figure 
6. You’ll notice that at each time a motor burns out, that the 
mass of the rocket takes a giant step down. This is what I 

want to see, because it confirms that the entire motor cas-
ing is ejected out of the rocket; just like in real life. 

I’m convinced, by looking at these two pieces of infor-
mation, that the simulation is set up properly. With this in 
mind, my trust in the other data is very high.

One thing that I want to point out is the Static Stability 
Margin of the rocket, and how it changes during the flight. 
This is the black line on the graph shown in Figure 6.

When the rocket just takes off, the Static Stability 
Margin is around 2.4. What this means is that the Center-
of-Gravity (CG) of the rocket is 2.4 times the diameter of 
the rocket forward of the Center-of-Pressure (CP). For the 
rocket to be stable, this number has to be positive. Typi-
cally, we want this number to be greater than 1.0.

By definition, the greater the value, the more stable the 
rocket is. This is a good thing.

But if the number is really large, the rocket will weath-
ercock strongly into the wind. That means, it turns faster 
into the wind, and ends up travelling more horizontally than 
vertically.

Having an overstable rocket is NOT a bad thing. I’d 
rather it be overstable than unstable (where the Static Sta-
bility Margin is a negative number).

If it is greater than 2.0, you just need to be aware of it, 
and be ready to chase your rocket a further distance. You 
also need to double-check when the ejection charge will 
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• Standard Sizes Fit Your Existing Fleet
• Easy Assembly, Minimal Clean-up
• Casings & Propellant Available
• Adjustable Ejection Delays
• 9 Propellant Formulations

ApogeeRockets.com/Rocket_Motors/Cesaroni_Casings

Pro-X
A better way to fly.™Kick Your Rockets Into High Gear

Starter Packs Available!

Your Source For Everything
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etry

http://www.apogeerockets.com/Rocket_Motors/Cesaroni_Casings
www.ApogeeRockets.com
ApogeeRockets.com/Rocket_Motors/Cesaroni


Page 6 I S S U E  3 8 3   J A N U A R Y  2 7 ,  2 0 1 5

Continued from page 5

Simulating Rack Rockets in RockSim
go off during the flight. If the rocket is arcing into the wind, 
you’ll need to select a motor with a shorter ejection delay 
than if it went straighter up. So instead of selecting a D12-7 
motor, which would be typical of an upper stage rocket, I 
would pick a D12-5 for the top-most stage.

Also notice in Figure 6 that the Static Stability Margin 
takes giant steps upward as the rocket progresses. Again, 
this is caused by the motor cases being ejected out the 
rear of the rocket as the motors stage. Essentially, the back 
end of the rocket is getting lighter in weight as the motor 
kicks out. That means the CG shifts forward at staging.

What this means in practical terms is that the rocket 
is getting more and more stable as it burns. That makes it 
more and more prone to weathercocking into the wind as 
it ascends. By the time the last motor burns out, the Static 
Stabilty Margin is close to 4.4, which is considered over-
stable. 

This is why these Rack rockets almost always go 
horizontal during flight, and why you should be very careful 
when flying them. They won’t go nearly as high as you’d 
expect compared to a traditional three-stage rocket. Select-
ing the delay is even more important than ever, because 

you don’t want it ejecting when it is already on the ground. 
That is a major fire risk.

Coming Next Time
In the next Peak-of-Flight issue (www.ApogeeRockets.

com/Education/Downloads/Newsletter384.pdf), I’ll show 
you how to take this 3-stage rack rocket, and turn it into a 
4-stage rocket in RockSim.
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Launch controller for mid-power rockets. 

Hooks right up to your car’s battery.
No more dead AA batteries!

Plenty of electricity to set off any  
type of rocket motor igniter.
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for launch safety.

Audible continuity buzzer lets you know the 
circuit is armed and ready for launch.
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