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One of the cool features of RockSim is that it allows 
asymmetric fin arrangements. What this means is that if 
you look at the rocket from different sides, it looks differ-
ent. An example of this would be a glider. If you look at a 
top view of a glider, it looks completely different than if you 
looked at it from a side view.

In this article, I’ll show you a little bit about the feature 
that makes asymmetric arrangements possible - the Stabili-
ty Graph Overlay.  With it, you can use it to create your own 
asymmetric arrangements. And you’ll know from the get-go 
whether or not they will be stable when you hit the launch 
button to send them skyward.

The thing about asymmetric arrangements is that they 
are not accounted for in the traditional Barrowman stability 
equations. The reason that RockSim can do these types of 
configurations is that it breaks the fin sets apart and looks 

at the contributions to stability of each fin by itself. So Rock-
Sim not only looks at the rocket from one direction (like 
a side view), but in actuality looks at it from 360 different 
views (all the way around the outside) to see if the rocket is 
stable in every view angle.

 
RockSim has had the ability to create asymmetric fin 

arrangements since version 7, which was first released in 
2003. Veteran users of the software have probably experi-
mented around with it, but just didn’t know that it was look-
ing at a full 360° view of the rocket. In the normal 2D views 
(the top and the side views), the software just reports the 
‘worst case’ situation, which would be the one view that has 
the CP (Center-of-Pressure) in the furthest forward location.

We can show a quick example of this by starting with 
an ordinary rocket, and look at how the CP changes loca-
tion as we remove fins. In Figure 2, we see the rocket with 
three fins on it. Note that the CP is at 15.5233 inches from 
the tip of the nose.

 

 
In Figure 3, we dropped one fin from the design. You 

can tell this by looking at the rear view of the rocket. Note 
that the CP of this design shifted forward on the model 
to 14.7877 inches as measured from the tip of the nose 
cone. Also note that the model is still “Statically Stable” 
with a margin of 1.17 calibers (a caliber is calculated as the 
distance apart the CG and CP are, divided by the body tube 
diameter - so it is a dimensionless number).

Figure 1: The  Dynastar Orion (top) is an asymmetric 
fin arrangement, while the Dynastar Stonebreaker 
(bottom) is a symmetrical design

Example 1: 3-Fin rocket

Mass 59.076 g , Selected stage mass 59.076 g
CG: 13.6729 In., CP: 15.5233 In., Margin: 1.78 Overstable
Engines: [C6-7]

P (M)

Length: 18.0000 In. , Diameter: 1.0402 In. , Span diameter: 5.3002 In.

Rear View

CP Location

CP Location

Figure 2: The example rocket with three fins 
Note the location of the CP on the rocket
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Stability Graph Overlay

The point of all this is just to demonstrate that RockSim 
is looking for the worst case for rocket stability, because it 
is looking at the rocket from all sides. What it is telling us 
in the case of Figure 4 is that from one view angle, it is not 
seeing any stability improvement by the single fin. So it is 
reporting that the rocket is wildly unstable.

You can kind of get an indication from which direction 
that RockSim sees the rocket being unstable by going into 
the preferences of the software and checking the boxes 
“Stability Graph Overlay,” and “Show angle grid” on the 2D 
drawing tab as shown in Figure 5. 

We’ll talk more about this design later, and why you 
probably shouldn’t launch it, even if RockSim thinks it is 
statically stable.

In Figure 4 we take this design one step further and 
drop all but a single fin on the rocket. Note that the rocket is 
now statically unstable, because the CP has shifted in front 
of the CG (Center-of-Gravity). Not only did it shift in front of 
the CG, but the location shift was massive. Compare the 
shift of distance from Figure 2 to Figure 3 against the shift 
in distance from Figures 3 to Figure 4.

The reason is that this situation is the worst case of the 
rocket from a stability standpoint. In fact, if you eliminated 
all the fins completely, the CP would be in the same place 
(at 2.3251 inches). In other words, with just one fin on the 
rocket, from a perspective of looking at stability, it is as if 
the rocket didn’t have any fins at all.

Example 2 - Two Fin Rocket
Length: 18.0000 In. , Diameter: 1.0402 In. , Span diameter: 5.3002 In.
Mass 57.184 g , Selected stage mass 57.184 g
CG: 13.5700 In., CP: 14.7877 In., Margin: 1.17
Engines: [C6-7]

(M)P (M)

Rear View

Figure 3: A two fin rocket

Example 3: One Fin Rocket
Length: 18.0000 In. , Diameter: 1.0402 In. , Span diameter: 5.3002 In.
Mass 55.291 g , Selected stage mass 55.291 g
CG: 13.4602 In., CP: 2.3251 In., Margin: -10.71 Unstable
Engines: [C6-7]

(M)P (M)

Rear View

Figure 4: CP location of a one-fin rocket. Note the rocket 
is massively unstable
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It is similar to looking at a cardboard cut-out view of the 
rocket from 306 views around the outside of the model as 
shown in Figure 7. Although it is more sophisticated than 
a simple cardboard cut-out of the rocket. The analogy is 
so you get the concept of what RockSim is doing when it 
figures out the CP location from all 360 views around the 
outside.

Once you turn on the stability graph overlay, the base 
view of the rocket will show extra information, as shown in 
Figure 6.

What this overlay does is to summarize the general CP 
location of the rocket from all 360 views of the rocket. If you 
counted all the lines radiating from the center of the rocket, 
you’d count 360 of them.

Figure 5 - The controls to turn on the Stability Graph 
Overlay in the RockSim application preferences

0 Deg.

90 Deg.

180 Deg.

270 Deg.

Rear View of Rocket

Figure 6: The base view of the rocket with the stability 
graph overlay and the angle grid displayed. Compare this 
to the rear view shown in Figure 4.

Gyro Chaser Helicopter RocketGyro Chaser Helicopter Rocket
• Unique ‘transforming’ rocket - looks like a normal rocket, but then • Unique ‘transforming’ rocket - looks like a normal rocket, but then 

rotor blades pop out at ejection rotor blades pop out at ejection 

• Competition efficiency: high flights and long descent time• Competition efficiency: high flights and long descent time

• Features curved rotor blades and free-spinning hub, just like those • Features curved rotor blades and free-spinning hub, just like those 
used in international competitions used in international competitions 

• Versatile: can use any 18mm diameter motor • Versatile: can use any 18mm diameter motor 

• Comes with video instructions for error-free assembly• Comes with video instructions for error-free assembly

www.ApogeeRockets.com/Rocket_Kits/Skill_Level_4_Kits/Gyro_Chaser
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Stability Graph Overlay

Before you fly the rocket, all the lines in the stability 
graph overlay should be green colored. That is the criteria 
you should be aiming for when you are designing asymmet-
ric rockets.

It is important from a safety standpoint to design rock-
ets with the assumption that you never want the CP to get 
forward of the CG (Center-of-Gravity) location. That is the 
very definition of an unstable rocket. It is only when the CP 
is behind the CG that we can say the rocket is statically 
stable.

What we need to know is if the CP is behind the CG the 
rocket. This, by definition, is when the rocket is statically 
stable. In the graph, the outer circle is the CG location. The 
distance is fixed in the graph, so the circle will always be 
the same diameter no matter what rocket you’re looking at. 
The green and the red lines are the CP location relative to 
the CG. If the lines are on the outside of the CG line, it is 
telling us that the CP from that view angle is behind the CG 
of the rocket. That is a “statically stable” condition, so the 
lines are colored green (for good). If the CP is in front of the 
CG on the rocket for a particular view angle, the lines will 
be colored red (for bad).

Figure 7: Looking at a side profile of the 2-fin rocket at 
some random view angles, the rocket looks different

0 Deg.

90 Deg.

180 Deg.

270 Deg.

If wind direction is from
anywhere in this zone,
the rocket will be 
unstable.

If wind direction is from
anywhere in this zone,
the rocket will be 
unstable

Figure 8: What the graph is telling us, is the view angles 
where the CP would be in front of the CG (which would 
be unstable)
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Stability Graph Overlay
As a test to see whether RockSim is correct in de-

termining if the 2-din rocket shown in Figures 3 and 8 is 
stable, I decided to go out and fly it. The launch was on a 
pleasant spring day, with winds under 5 mph. As you can 
see in Figure 10, the rocket did indeed fly straight.

You can see the full video on Youtube at: https://www.
youtube.com/watch?v=0S7OEWBptoI.

Unfortunately, “statically stable” doesn’t define the full 
situation. When a rocket takes off, it is very dynamic. And 
even though the rocket might be statically stable, it may not 
be dynamically stable.

0 Deg.

90 Deg.

180 Deg.

270 Deg.

Figure 9: In a two-fin design, the static stability overlay 
is showing the rocket as being stable. But this doesn’t 
mean it will fly straight. Figure 10: The launch of a 2-fin rocket to verify that 

what RockSim predicted will work fine.
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Star Lift Mega LanderStar Lift Mega Lander
Build It - Launch It - Stick The LandingBuild It - Launch It - Stick The Landing
The Excitement Builds All The Way To TouchdownThe Excitement Builds All The Way To Touchdown

• Large Size Rocket Flies on the Impressive • Large Size Rocket Flies on the Impressive 
Mid-Power Motors.Mid-Power Motors.

• Articulating Lander Legs Fold Up During • Articulating Lander Legs Fold Up During 
Launch.Launch.

• Laser Cut Plywood Parts• Laser Cut Plywood Parts

	 for a Strong Rocket.	 for a Strong Rocket.

• Pre-Slotted Tube Makes• Pre-Slotted Tube Makes

	 Construction Easier.	 Construction Easier.

• Vinyl Decal for Visual Appeal.• Vinyl Decal for Visual Appeal.

www.ApogeeRockets.com/Rocket_Kits/Skill_Level_5_Kits/Star_Lift_Mega_Lander
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If you watch the video closely, you’ll see that the rocket 
does a slow barrel-roll as it ascends into the sky. The 
reason for this is that there is more drag on one side of the 
rocket than on the other (due to the fins not being symmet-
rical). The offset drag causes the rocket to yaw to one side. 
But then this puts one fin at a higher angle of attack, and 
that fin creates more of a lift force that causes the rocket to 
rotate. This is an aerodynamics phenomena that is techni-
cally called “yaw-roll-coupling.” It basically means that if a 
rocket yaws to one side, it is going to induce it to roll too.

The downside of yaw-roll-coupling is that it robs energy 
from the rocket. So it might not fly as high as a rocket that 
flies straight without a roll. But on the other hand, since the 
rocket has fewer fins, its static drag calculation is lower. So 
if you look in RockSim, it will show that a two fin rocket will 
fly higher than a three fin rocket. Unfortunately, RockSim 
doesn’t know that the rocket is going to roll with just two 
fins, and therefore doesn’t take into account the extra drag 
that a rolling rocket creates.

And it really depends on the configuration of the rocket 
as well. I think this would be great subject for a research 
paper, to figure out which two finned rockets would fly high-
er than their three-fin counterparts.

Conclusion

The Stability Overlay feature in RockSim is a really 
simple tool that isn’t too hard to understand. And with it, you 
can check to see if your model that has an asymmetrical 
configuration would be stable. Just make sure that all the 
quadrants in the base view show “in the green.”

Some other articles you might be interested in:

Creating Asymmetric Fin Arrangements in RockSim  
https://www.apogeerockets.com/education/downloads/
Newsletter105.pdf

Model Rocket Stability 
https://www.apogeerockets.com/education/downloads/
Newsletter462.pdf

Can You Design a 2-Fin Rocket 
https://www.apogeerockets.com/education/downloads/
Newsletter220.pdf

Finless Rockets Using Engine-Driven Gas Dynamic Stablization 
https://www.apogeerockets.com/education/downloads/
Newsletter379.pdf

Stick Fin Stabilized Rockets 
https://www.apogeerockets.com/education/downloads/
Newsletter245.pdf

About the Author:

Tim Van Milligan (a.k.a. “Mr. Rocket”) is a real rocket 
scientist who likes helping out other rocketeers. He is 
an avid rocketry competitor and is Level 3 high power 
certified. He is often asked what is the biggest rocket 
he’s ever launched. His answer is that before he started 
writing articles and books about rocketry, he worked on 
the Delta II 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 an M.S. in Space Technology from 
the Florida Institute of Technology in Melbourne, Florida. 
Currently, he is the owner of Apogee Components (http://
www.apogeerockets.com) and also the author of the 
books: Model Rocket Design and Construction, 69 Simple 
Science Fair Projects with Model Rockets: Aeronautics and 
publisher of the “Peak-of-Flight” newsletter, a FREE e-zine 
newsletter about model rockets. You can email him by 
using the contact form at https://www.apogeerockets.com/
Contact.
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