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We get great questions all the time from customers. 
Most of them are already answered somewhere on our web 
site. So if you are researching a topic, just type the query 
into the search bar at the top of our web page.

But occasionally, we get a question that hasn’t been 
answered yet. That is where this issue’s topic comes from. 

Round Rockets?
Our first question comes from Brendan Gartland. He 

asks: “Wondering if you had any idea how these round 
rockets are made http://laughingsquid.com/giant-round-
homemade-rocket-fired-off-during-thai-rocket-festival/ 
Never seen them before and they look awesome” (see 
Figure 1).

This is definitely a cool looking rocket that was 
launched in Thailand. They have quite the rocket festival 

over there.

In simple terms, this is an example of a Monocopter 
type rocket. It is so big, that they’ve attached 6 rocket mo-
tors to it in order to spin it up and create the lift to get it in 
the air. 

I have to say that I’m impressed at the engineering that 
went into this rocket. It is perfectly balanced and flies very 
nice. The wheel on the edge is actually the balance arm 
that give it stability.

What makes this particular rocket work so well is the 
long burn motors. If you put a stop-watch on it, you’ll see 
that they burn for well over 30 seconds. That is impressive 
just by itself, considering that most model rockets here in 
the USA have burn times under 8 seconds.

If you’d like to know more about how to design a 
monocopter, we have a great book that was written by 
Dr. Francis Grahamn. You’ll find it on our web site at: 
www.apogeerockets.com/Rocket_Books_Videos/Books/
Monocopters.

Staging Cluster Motors
Donald Leaman asks us if we have any advice on 

multi-staging rockets with cluster motors in each stage.

Staging rockets adds some complexity to a rocket. It is 
easy if the motors are the simple black-powder variety, and 
you can use direct staging (see www.apogeerockets.com/
Tech/How_2-Stage_Rockets_Work).

You can even use this direct staging technique with 
larger black powder motors, like the Estes 29mm Diameter 
F-15 rocket engines (www.apogeerockets.com/Rocket_Mo-
tors/Estes_Motors/29mm_Motors/Estes_Motors_F15-0).

Clustering these types of motors is relatively easy. You 
just have to have an equal number of motors in both the 
lower stage and the upper stage, so that you can vent the 
gasses easily to ignite the upper stage engines.

The only kit we have currently at Apogee Components 
that clusters and stages black powder motors is the US 

Multi-Staging Cluster Motors
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Figure 1: Round Rocket flown in Thailand.
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Rockets Hi-Test 3100 (www.apogeerockets.com/Rocket_
Kits/Skill_Level_5_Kits/Hi-Test_3100). However, because 
this rocket is so large and heavy, I wouldn’t recomment that 
you use the F15-0 motor in the booster stage. The F15 is a 
low thrust motor, and even clustering four of them together, 
it doesn’t produce  enough thrust to get the rocket moving 
fast enough at launch for a nice straight ascent. When this 
rocket first came out decades ago, FSI  was still producing 
the high thrust F100 black powder motor. That was a good 
choice, but unfortunately it is no longer available.

Run Your Simulations
This goes without saying, but whenever you are con-

sidering launching a complex rocket that has both multi-
stage and clustering in it, you need to run your computer 
simulations. If you have RockSim already, you have an 
advantage. It has a great little editor to help you design 
your cluster engine rockets. See the article on how to use 
the cluster editor in Peak-of-Flight Newsletter #140 (www.
ApogeeRockets.om/Education/Downloads/Newsletter140.
pdf).

The thing you really want to pay attention to is the ve-
locity at launch guide departure. If your rocket isn’t leaving 
the rail at a speed of at least 30 mph, you need more thrust 
or a longer launch rail. This is how we know that the Hi-Test 

Staging Electronics
• Designed to ignite the top 
motor in two-stage rockets.

• Provides an easy way to 
stage composite propel-

lant motors
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• Fires off igniters after a 
preprogrammed amount of 

time following liftoff
• G-switch senses liftoff and 

insures against a false launch-
detection

• Small, lightweight design is great 
for skinny rockets

• Easy-to-use, and will fire off any ig-
niter, including clusters!

www.ApogeeRockets.comBattery, battery connector, mounting 
board and igniter are not incuded.

3100 needs more powerful motors in the booster stage.

Staging Composite Motors
When you need more thrust, you have to switch to 

composite propellant rocket motors. But this presents a 
problem for staging, because there aren’t specific booster 
motors for composite motors. See Peak-of-Flight Newslet-
ter #49 (www.ApogeeRockets.com/Education/Downloads/
Newsletter49.pdf) to find out why.

In order to stage composite motors, you have to carry 
some sort of launch controller in the rocket to ignite the up-
per stage motors.

We’ve written a few articles on this subject here in this 
newsletter. See:

Newsletter #91 - Electronic Staging of Composite Pro-
pellant Rocket Motors (www.ApogeeRockets.com/Educa-
tion/Downloads/Newsletter91.pdf)

Newsletter #289 - Tips for Constructing Electronically 
Staged Mid-Power Rockets (www.ApogeeRockets.com/
Education/Downloads/Newsletter289.pdf)

Newsletter #364 - Staging Composite Motors (www.
ApogeeRockets.com/Education/Downloads/Newsletter364.
pdf)
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The question then, is how does adding cluster motors 
into the rocket change things?

Basically, very little changes as far as the concept of 
staging goes. You still have to carry up an ignition system in 
the rocket to ignite the upper stage motors. The difference 
is that it has to be capable of firing off multiple igniters at 
once.

To see which electronic payloads we offer that can 
support staging, see: www.apogeerockets.com/Electron-
ics_Payloads/Staging.

People always ask me this question: “Does the X-brand 
electronic gizmo (controller or altimeter) have the capacity 
to fire off multiple rocket motors?’

I avoid this question for a couple of reasons. First, it is 
not the controller that fires the motors. It is the “IGNITER” 
that start the motors. 

The correct question would be: “Does the X-brand 
electronic gizmo have the capacity to iginte multiple starters 
(igniters) as the same time?”

But to be honest, I don’t know. The reason is that I’m 
not an electrical engineer. This question is out of my level 
of expertise, because electronic gizmos can be confusing 
to me too.

And truthfully, every rocket starter (igniter) is different. 
They all draw more or less power to get them to fire off. So 
you’ll have to be more specific on which starter you are us-

ing with the device. There is a pdf document that explains 
the difference in the starters. You can download it at: www.
gwiz-partners.com/igniters.pdf. Additional information on 
the starting current of Estes and Quest Starters can be 
found at: www.apogeerockets.com/education/downloads/
Q2G2_Igniter_Report.pdf.

What I’m getting at, is this: a better person to ask is the 
manufacturer of the electronic device that you are interest-
ed in using. They are the experts in the products they cre-
ate. And they do answer their emails too. So just ask them.

And when in doubt - TEST! Set up your electronics and 
fire off a bunch of starters (igniters). Yes... I know starters 
cost money. But if you’re not bench testing your system, 
you’re going to have lots of problems during the actual 
launch. So the money you spend burning off a bunch of 
starters is worth the investment.

Mechanical Considerations of Cluster Rock-
ets

Designing cluster rockets has to be thought out, far in 
advance of the construction of the model. Don’t just expect 
to take a kit rocket and slap a cluster engine mount into it. 
You have to consider where the electronics are going to be 
placed. This is probably the biggest challenge when build-
ing multi-stage rockets that have composite motors.

I like to put the electronics for staging as close to the 
rocket motors as possible (see Figure 2). The reason is that 

Model Rocket Design and Construction
By Timothy S. Van Milligan

The Expanded 3rd Edition

Apogee Components
3355 Fillmore Ridge Heights
Colorado Springs, Colorado 80907 

telephone: 719-535-9335
website: www.ApogeeRockets.com

This massive, 328 page guidebook for serious rocket designers contains 
the most up-to-date information on creating unique and exciting models 
that really 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 per-
formance envelope. Because of the number of pictures, it is also a great 
gift to give to beginners to start them on their rocketry future.

For more information, and to order this hefty book, visit the Apogee 
web site at: www.ApogeeRockets.com
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it is easier to route the wires down to the rocket motors. 

For large diameter rockets, there is usually room be-
tween the motor tube and the body tube for electronics and 
a battery. You can even sandwich it between the cluster 
tubes and the body tube, like shown in Figure 3.

The key thing to keep in the back of your mind is that 
you have to protect the electronics from the heat of the 
ejection charge. That is why it is behind a bulkhead in both 
Figure 2 and 3.

Sometimes it takes some creative routing of the ejec-
tion charge to protect the electronics bay. This is the situa-
tion I had with the the Cosmodrome Aerobee-Hi rocket kit 
(www.ApogeeRockets.com/Rocket_Kits/Skill_Level_5_Kits/
Aerobee-Hi). I had to create a dog-leg in the motor mount 
tube in order to provide space for the electronics (see Fig-
ure 4). The plans for this special modification come with the 
kit when you purchase it from Apogee Components. The 
plans are also available separately at: www.ApogeeRock-
ets.com/Rocket_Books_Videos/Pamphlets_Reports/Build-
ing_an_Electronics_Bay_in_the_Cosmodrome_Aerobee-
Hi_kit.

Once you decide where to put the electronics, the next 
issue is where to route the wiring for the igniters. In Figure 

Space Foundation certified 
as an excellent teaching aid. For further information, call Apogee Components at: 719-535-9335.

www.RockSim.com
v9

Your Cool Rocket Designs 
Look So Much Better In 

RockSim Version 9!

Design It.
Launch It.

Figure 2: The typical location for the staging electron-
ics is near the rocket motors.

Possible Location 
for Electronics

Figure 3: Clusters usually have room for the electronics 
surrounding the motor tubes.

Electronics bay 
goes here.

Figure 4: The ejection charge gasses may need to be 
ducted around the location of the electronics.
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4, you can see that I used a long straw-like tube for this 
purpose. It should be noted that real-life rocket engineers 
face these same issues. Sometimes they have to put the 

wiring on the outside of the rocket. You can do that too in a 
pinch.

The US Rockets Hi-Test 3100 Kit
This particular rocket (see Figure 5) is about as com-

plex a design to successfully stage that you might come 
across. I’ve never down it myself (yet), but I’ll give you 
some of my thoughts on how it might be done.

You have to remember that this kit is literally decades 
old. The kit was designed around motors that no longer 
exist. And the instructions haven’t been updated to allow it 
to be flown on available motors. In other words, we have to 
make some major modifications that aren’t in the instruc-
tions. This is the kind of challenge that gives me goose-
bumps, because the payoff is going to be spectacular.

What gives this kit a unique look is the technique of fin 
wedging. This is where the motor tubes are exposed, and 
the fins are bonded in the gaps between the tubes. The 
advantage is that it is a lot like through-the-wall fins, so the 
joint is very strong. But is also why it is so complex to stage 
successfully.

First of all, this is a huge rocket. It is 3.1 inches in diam-
eter, and over 90 inches tall. It is made from heavy tubes, 
so it weighs-in empty at over 67 ounces (1900 grams). 

High Power Tubes & Couplers
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• Won’t Shatter Like Brittle Phenolic Tubes!
• Super Smooth Surface With Tight Spirals
• Standard LOC Diameters Up To 6 inches

• Cut and Slot With Standard Tools
• No Fiberglass Wrap Needed

• Sands and Paints Easily
• Cheaper than Fiberglass

www.ApogeeRockets.com/Building_Supplies/Body_Tubes/Blue_Tubes

Blue Tube From
Always Ready
Rocketry

Figure 5: The US Rockets HI-Test 3100 is about the 
most complex multi-stage cluster you’ll see.

http://www.ApogeeRockets.com/Building_Supplies/Body_Tubes/Blue_Tubes
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Once you put the eight 29mm diameter rocket engines in 
it, the rocket is a beast. Four F15 motors in the booster 
stage just don’t have the grunt to get it moving fast enough 
at launch. It needs high-thrust composite motors in the 
booster stage to get it moving. The minimum size motors 
that I’d put in the booster stage are Aerotech F42’s. But 
preferably something bigger, like G80’s.

The reason it is complicated is because the stages are 
coupled together by the motors in the upper stage (see 
Figure 6). For starters, this doesn’t give you any place near 
the motors to mount the electronics for staging. Essentially, 
the electronics have to be put in front of the engine tubes. 
Fortunately, there is plenty of room in the front body tube.

But remember the electronics have to be protected 
from the ejection charge of the motors. So an internal bay 

wth some sort of ducting of the ejection charge gasses 
will be needed. It probably wouldn’t be as complicated as 
shown in Figure 4, but you get the idea.

Where do you put the wiring from the electronics to the 
motors in the upper stage? That was the first question we 
had too.

Fortunately, there is a cruciform channel that is formed 
between the four engine mount tubes. So the wires can 
simply be run down the middle of the rocket as shown in 
Figure 7.

The next problem took me a little while to figure out. 
That problem is: how do you do get the wires to the nozzles 
of the motors? It looks easy when you are just looking at 
Figure 7. You think they can just go directly into the motors.

But think for a second... The motors are the coupler 
that join the two stages together. They are going to go 
directly into the tops of the tubes on the bottom stage (like 
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Laser Etch Your Reload Casing!

www.ApogeeRockets.com/Customization/Motor_Casing_Engraving

Makes it easier for your casings 
to find their way home!

Figure 6: The engines act as couplers to keep the two 
stages together.

Figure 7: The igniter wires in the upper stage can be 
routed through the channel formed by four tubes.

http://www.ApogeeRockets.com/Customization/Motor_Casing_Engraving
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Page 8 I S S U E  3 8 2   J A N U A R Y  1 3 ,  2 0 1 5

Continued from page 7

Multi-Staging Cluster Motor Rockets

Continued on page 9

shown in Figure 6). There isn’t room for them in the tubes 
on the booster stage because the motors are a snug fit. You 
want them to be snug too, because otherwise the rocket 
would flop around at the joint between the two stages.

How do the wires turn the corner and pass through the 
wall of the tubes on the booster stage?

The answer to this problem is to cut away part of the 
tubes on the top of the booster stage. We want them to look 
like Figure 8.

Once you have slots cut in the tube, you can route the 
wires around the bottom of the motor, and into the nozzle of 
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• GPS - tells you the position of the rocket at 
any point in the flight

• Dual-Deployment - controls when the main 
and drouge chutes deploy

• Transmits telemetry in real-time
• Eliminates seperate electronic boards that can 

cause radio-frequency interference
• Transmitter doubles as a rocket tracker to help 

you locate the rocket in scrub or canyons

GPS Tracking, Telemetry Transmitter 
& Dual-Deployment Electronics
One Small Payload That Controls The 
Flight And Sends You Back LIVE Flight Data

www.ApogeeRockets.com

Launch
Landing

Figure 8: The inside of the tubes on the booster have 
to be cut away to allow the igniters to get to the noz-
zles of the upper stage motors.

the motor.

There is one last issue that you’ll eventually come to 
with this rocket. That is the thrust ring on the back of most 
composite propellant rocket engines.

That thrust ring is usually a great addition to the motor. 
It prevents it from sliding forward in the engine mount. Al-
most all composite motors now have this thrust ring molded 
on the back of the casing.

The problem is that this ring won’t allow the nozzle 
end of the motor to slide into the front of the booster stage 
tubes.

There are two execptions to this. The first is black 
powder motors. This means you can use the Estes 29mm 
motors in the upper stage. But if you wanted more thrust, 
you might think you can’t use composites.

Fortunately, there is an option available. The Cesaroni 
reload casings have an optional “tapered” rear closure 
(www.ApogeeRockets.com/Rocket_Motors/Cesaroni_
Casings/29mm_Casings/Cesaroni_29mm_Tapered_Aft_
Closure). This is typically used for low drag minimum-diam-
eter rockets. But in this situation, they allow us to substitute 
composite motors in place of black powder motors.

The only concern I have, is that the motors would have 
to be restrained in the engine mount a different way. Typi-
cally, we’d friction fit the motor into the tube by wrapping it 
with masking take until it has a tight fit. Then we pray that 
at ejection the motor doesn’t get kicked out the back. You 

http://www.apogeerockets.com/Electronics_Payloads/Altimeters/TeleMetrum_Starter_Set
www.ApogeeRockets.com
www.ApogeeRockets.com
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might want to utilize our service of laser etching your name 
on the casing if you want to get it back (www.apogeerock-
ets.com/Customization/Motor_Casing_Engraving).

Modifying the Transolve BeepX
Rob Derstadt writes: “Here’s a simple mod I did to the 

Transolve BeepX (www.apogeerockets.com/Electronics_
Payloads/Rocket_Locators/Transolve_BeepX). I wanted to 
mount it inside a nosecone so it was out of the way, but still 
allowed me to get to the battery. It was  pretty easy to de-
solder the battery holder and run some jumper cables so I 
could re-mount the battery on the opposite side of the bulk-
head (in this case my Little John). The battery can be taped 
in for extra protection and will be protected by the chute/
chute-protector. I didn’t want the beeper to take up space 
and possibly interfere with the parachute in the model. It’s 
permanent, but I think will work well.”

Cool idea Rob. I’m happy to share it with the readers of 
this newsletter.

Figure 9: The aft thrust ring on the motor would pre-
vent it from being used in the upper stage. You’ll need 
a tapered rear closure, like the one shown in the fore-
ground.

Cirrus Breeze Rocket Glider
• Transforming rocket - changes from balistic trajectory to a 

gliding aircraft by sliding the wing forward 

• Efficient elliptcal and polyhedral wing shape

• The wing also changes its angle-of-attack

• For competition, or just for fun! 

• Uses 1/2A to A motors
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Before

After
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