
ISSUE 522 / MAY 26th 2020

IN THIS ISSUE
Perfecting Competition 
Rockets in RockSim

https://www.apogeerockets.com/Rocket-Kits/Skill-Level-3-Model-Rocket-Kits/SR-72-Darkbird

https://www.apogeerockets.com/Rocket-Kits/Skill-Level-3-Model-Rocket-Kits/SR-72-Darkbird


Perfecting Competition Rockets in RockSim

Newsletter Staff
Writer: BobbyPotter
Layout / Cover Artist: Matthew Martinez 
Proofreader: Michelle Mason

By Bobby Potter
RockSim has a lot more going on than people often see 

at first glance. A casual user or average hobbyist can use 
RockSim to design rockets and acquire a whole bunch of 
data and insights about that rocket before they even begin 
building it. An experienced RockSim user would be able to 
take that rocket file and through a series of tests, create a 
rocket file that would produce the necessary data to allow 
you to make on-the-fly adjustments to your rocket. A more 
accurate rocket file means you can use RockSim to more 
accurately predict a rocket’s performance in different weath-
er conditions, with alternative payloads, and provide the 
insights you might need to better hit your objectives. This 
process is essential for competition environments and for 
those looking to leave their stamp on the field.

If you are looking to really level up your TARC team, 
you should be familiar with this process. It’s the key to 
achieving consistent success under competition conditions.

For many of these competitions, you are often tasked 
with reaching a very specific altitude, and are penalized for 
going above or below it. Hitting that specific altitude consis-
tently can be an incredibly challenging problem, as there 
are a ton of variables that can affect your flight. Often the 
ability to account for these variables can make or break a 
TARC team.

Step 1 - From the competition rules, design 
your rocket.

This is a bit of an obvious first step, but we need some-
thing to work with. With any competition requirements, it’s 
important to design your rocket to meet the given rules. 

Make sure it is capable of any payloads you need to carry 
aloft, make sure it has the right dimensions, and that the 
mass is acceptable (with some wiggle room, which we will 
need later). 

Competitions like TARC will also require specific engine 
retainers (no tape or friction fits), minimum stability margins 
and specific recovery systems. Make sure these are also 
accounted for in your rocket. Making any major changes to 
your rocket in later stages could result in your team starting 
this process all over.

Apart from meeting the rules of the competition, the 
only thing we really care about in this step is the stability. 
TARC requires your static stability margin to be at least 1.5 
diameters. This means the distance between the cen-
ter-of-gravity and the center-of-pressure is at least one and 
a half times as long as the diameter of the largest body 
tube.

A final note here - it’s important to consider what is 
doable. You can hop in RockSim, custom design a nose 
cone perfect for your objectives, but if that style of nose 
cone isn’t available at any retailers (which it likely wouldn’t 
be if it was custom) then you would be forced to fabricate it 
yourself. For some people, that’s doable, but even then this 
is going to add a lot of work and cost to your rocket.

If you want to fabricate a component, this video might 
be a good place to start: https://www.apogeerockets.com/
Advanced_Construction_videos/Rocketry_Video_305

Figure 1: A TARC rocket design file meeting the compe-
tition guidelines from 2018.
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However, it’s better to stick with parts that are readily 
available, so do your shopping while you are designing. 
Find the nose cone that works for your rocket, put it in your 
rocket file, and write that part number down. That way when 
you get ready to build it, you’ll have an easy time sourcing 
the components you need.

When you have completed your rocket design, it’s time 
to move on to testing and optimization.

Step 2 - Simulations and Dynamic Stability

Dynamic stability is an evaluation of the rocket’s sta-
bility over time. As a rocket motor burns, it burns off a lot 
of mass. As the mass changes in the rocket, its stability 
also changes. Wind also causes the rocket to wobble as it 
flies, and that wobble not only affects how high you can get, 
but it also greatly affects the consistency of your rocket’s 
performance. For competition conditions, you want to know 
exactly how high your rocket is going to fly, so getting a 
consistent performance out of your rocket is critical.

To get consistent flights from your rocket, the best ap-
proach is to reduce the amount of variables that can affect 
it. Weather conditions account for a vast majority of these 
variables. Fortunately, before we even start building the 
rocket, we can greatly reduce their impact on the flight.

Unfortunately, dynamic stability (how we can reduce the 
impact of weather) is just too large a topic to fully cover in 
a single article - but we’ve got a whole series on optimizing 
for dynamic stability. Here are the resources you would 
need to understand this process.

Peak-of-Flight #193 - Basics of Dynamic Flight Analy-
sis, the Corrective Moment Coefficient

https://www.apogeerockets.com/education/downloads/
Newsletter193.pdf

Peak-of-Flight #195 - Basics of Dynamic Flight Analy-
sis, Damping Moment Coefficient

https://www.apogeerockets.com/education/downloads/
Newsletter195.pdf

Peak-of-Flight #196 - Basics of Dynamic Flight Analy-
sis, Radial Moment of Inertia and the Natural Frequency

https://www.apogeerockets.com/education/downloads/
Newsletter196.pdf

Peak-of-Flight #197 - Basics of Dynamic Flight Analy-
sis, Damping Ratio

https://www.apogeerockets.com/education/downloads/
Newsletter197.pdf

Peak-of-Flight #198 - Basics of Dynamic Flight Analy-
sis, Optimizing for Altitude

https://www.apogeerockets.com/education/downloads/
Newsletter198.pdf

Peak-of-Flight #200 - Tips on Finding Optimum Mass
https://www.apogeerockets.com/education/downloads/

Newsletter200.pdf
Peak-of-Flight #253 - Experiment with Dynamic Flight 

Analysis
https://www.apogeerockets.com/education/downloads/

Newsletter253.pdfFigure 2: Compare the altitude achieved by these 2 
simulations. The only difference between these simu-
lations were the weather conditions, and yet it had a 
massive impact on the potential altitude. Continued on page 4

Continued from page 2

Continued from page 2

Page 3 Issue 522 / May 26th, 2019

https://www.apogeerockets.com/Intro-to-Dual-Deployment

https://www.apogeerockets.com/education/downloads/Newsletter193.pdf
https://www.apogeerockets.com/education/downloads/Newsletter193.pdf
https://www.apogeerockets.com/education/downloads/Newsletter195.pdf
https://www.apogeerockets.com/education/downloads/Newsletter195.pdf
https://www.apogeerockets.com/education/downloads/Newsletter196.pdf
https://www.apogeerockets.com/education/downloads/Newsletter196.pdf
https://www.apogeerockets.com/education/downloads/Newsletter197.pdf
https://www.apogeerockets.com/education/downloads/Newsletter197.pdf
https://www.apogeerockets.com/education/downloads/Newsletter198.pdf
https://www.apogeerockets.com/education/downloads/Newsletter198.pdf
https://www.apogeerockets.com/education/downloads/Newsletter200.pdf
https://www.apogeerockets.com/education/downloads/Newsletter200.pdf
https://www.apogeerockets.com/education/downloads/Newsletter253.pdf 
https://www.apogeerockets.com/education/downloads/Newsletter253.pdf 


Perfecting Competition Rockets in RockSim

Step 3 - Build Phase

Once you are satisfied with the rocket file, it’s time to 
get building. Take that list of part numbers and start sourc-
ing your components.

Prior to building your rocket, weigh each of these 
components individually. Take those component weights 
and compare them to the weights listed in your rocket file. 
Make any adjustments you need in RockSim by doing a 
mass override on the individual components. This will give 
you the best accuracy in your simulation results. Remem-
ber that when you use the mass override, you also need 
to enter the CG location of the component too. Where the 
mass is concentrated also affects the trajectory of the rock-
et, which is why it is important to measure the CG position 
of any part too.

`
Even though we will weigh the completed rocket after 

building (as things like epoxy and paint will alter the mass), 
we weigh each component individually to make sure we 
have the mass distributed correctly throughout the rocket. 
If the calculated mass of your components comes in quite 
a bit different than the actual mass of the components, you 
may want to consider re-running a few of your dynamic 
stability tests to make sure your rocket has remained opti-
mized.

After weighing the individual components, the mass of 
the built rocket should match up pretty close to the weight 
listed in RockSim. If it differs, first verify the individual com-
ponent weight is listed correctly. Then, balance the rocket 

https://www.apogeerockets.com/Rocket-Kits/Skill-Level-1-Model-Rocket-Kits/Apprentice-Starter-Set

Figure 3: To change the mass of a single component, 
highlight the component in the “Rocket Design Compo-
nents” tab and click edit. Select the mass override tab 
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on your finger and compare that point to the center-of-grav-
ity listed in your RockSim file. If everything lines up, the 
mass difference is likely due to excess paint or epoxy. After 
eliminating the individual component mass as the reason 
for the difference, complete a simple mass and CG override 
of the entire rocket to account for the paint and epoxy. The 
mass override input into RockSim should be the same as 
the actual weight of the fully built rocket.

Step 4 - Testing and Optimization

This stage is all about getting the rocket simulation to 
behave exactly as the rocket would under any given condi-
tions. This will take time and many flights, but with each you 
should get closer and closer to the actual performance of 
your rocket.

Take your rocket to the launch site. You’ll need an 
altimeter as well as a way to check or measure atmospheric 
conditions. This can be done with some margin of error by 
just using local weather apps, however those who are really 
serious should consider measuring that themselves, as it 
can vary from area to area. For that, I’d recommend one of 
the Kestrel Weather Meters.

For each test launch, you’ll want to track:

Temperature
Humidity
Barometric Pressure
Wind Speeds

After measuring your weather data, input those into the 
“launch conditions” in RockSim. Launch the simulation and 
record your predicted altitude.

Depending on the altimeter you are using, you can 
get a lot of data from these flights. All these figures can be 
compared to your simulation to better identify the differenc-
es between your rocket file and the actual rocket you are 
flying. Our best tool here is going to be the flight graphs that 
show each stage of the rocket’s flight.

Compare the results of your flight with the projected 
results of your simulation. In altitude, how close were the 
RockSim estimations? Did apogee occur at the same time? 
Was the descent rate for your recovery system accurate? 

Figure 4: A standard flight graph for our 2018 TARC 
rocket produced by an AltimeterThree.

www.ApogeeRockets.com/Rocket_Kits/Scale_Rockets
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If you take the altimeter data and compare it to the graphs 
produced by RockSim, you should get all these answers. 
For an at-a-glance approach, we can create a similar graph 
in RockSim by highlighting the simulation and clicking the 
“plot graph” icon.

As you can see, our altimeter graph and the graph pro-
duced by our simulation line up pretty well. Apogee occurs 
at about the same time, the projected altitude is the same, 
our ejection charge fires at the same time, etc. The big-
gest difference is from the parachute, where the simulation 
touches the ground a full 5 seconds before the actual flight 
data suggests it should. This could be due to thermals, but 
our graph indicates a fairly steady descent, so it is more 
likely that we need to adjust the coefficient of drag on the 
parachute.

 

Note that this is just an altitude over time comparison. 
You should be comparing every possible data point at your 
disposal. For instance, the AltimeterTwo and AltimeterThree 
also provide data points on acceleration, velocity, descent 
rates and more. Each of these figures can be compared to 
your simulation.

There are a ton of things 
to look for when trying to 
troubleshoot your simulation, 
so this step is going to take 
some trial and error. If your 
simulation was off from the 
actual results, there are a 
few things you could try.

About the Author

Figure 5: An Altitude x Time graph produced by Rock-
Sim

Figure 6: Adjust the parachute’s coefficient of drag 
by highlighting the parachute in the “rocket compo-
nents” tab and clicking edit.

Figure 7: Additional Flight 
Data provided by the Altime-
ter Two

www.apogeerockets.com/Rocket-Kits/Skill-Level-4-Model-Rocket-Kits/EggStorminator
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Launch your rocket again, on the same day, with the 
same weather conditions and the same motor. How close 
was this altitude to your first launch? If these flights are very 
different, then little gusts of wind are likely having a large 
impact on the flight profile of your rocket. Take another look 
at your dynamic stability.

If repeated flights are getting you the same or very 
similar results, your dynamic stability is likely calibrated 
well. This could indicate the problem is a difference in your 
coefficient of drag (Cd). RockSim generates a value for 
you, but you can overwrite it manually. Try adjusting the Cd 
in RockSim and see if you can get the simulations to mirror 
the actual results of your rocket.

After you have calibrated for the basic rocket, it’s 
time to make sure the rocket still behaves correctly under 
different conditions. Repeat your tests on different days in 
different weather conditions and continue to adjust your 
rocket file to match the actual results achieved. Continue 
to repeat this process until RockSim is correctly predicting 
your rocket’s behavior in any weather conditions.

Once RockSim can accurately predict the altitude in all 

variety of weather conditions, it’s time to eliminate another 
important variable: Mass.

Figure 8: Add a mass object by highlighting your body 
tube in the “rocket components” tab and selecting 
“add mass object” from the right. Be sure to set the 
location at your center-of-gravity (If the mass isn’t 
placed at the center of gravity, it will affect stabil-
ity).
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Take your rocket out again. Input all the weather data, 
and insert a mass object like clay into the rocket at the 
center of gravity. Input that mass object into RockSim and 
run the simulation. Launch your rocket and compare the 
results.

Continue to manipulate the Cd until your rocket match-
es the simulations. Repeat the test without the mass added 
to make sure it still aligns with your original results.

This entire process should also be done with your 
parachute and steamer to verify the descent rates are also 
accurate. Have a variety of parachutes and streamers that 
meet your competition conditions all tested and behaving 
the same in real life as they are in the simulations.

This will take a long time. Continue to test and adjust 
your rocket file until it matches the results of the actual 
rocket in any weather conditions, with any mass added, and 

with any motor files. There will always be some margin of 
error as it is impossible to account for every possible vari-
able, but if you have good dynamic stability, you should be 
able to get these results to be incredibly accurate.

Step 5 - Competition Day

Now that all the hard work is behind us, launch day 
should be easy and less stressful. We know that our Rock-
Sim file behaves exactly as our rocket does, so we can just 
make small adjustments to our rocket on launch day.

Take your weather instruments and RockSim to the 
launch field with you. Measure the weather conditions, and 
plug that information into RockSim. Run a simulation under 
those conditions. Add the mass object in RockSim to the 
center-of-gravity and continue to add weight until the alti-
tude predictions meet your goals for the competition. Verify 
the descent rate of your recovery system is where you 
would like it to be and if it isn’t, adjust your recovery system 
(the length of the streamer, the size of the spill hole in the 
parachute, etc.).

Once you have a simulation that achieves your mission 
goals, add that same mass in clay at your center of gravity. 
Make any adjustments you need to make to your recovery 
system.

Once the simulation is behaving the way you want, 
and any adjustments are mirrored on your rocket, you are 
free to launch and you can feel confident that your rocket is 
going to perform exactly as you wanted it to.

www.apogeerockets.com/Rocket-Kits/Skill-Level-2-Model-Rocket-Kits/SkyMetra

Figure 9: A Ballast Pod
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