
I S S U E  3 5 5   D E C E M B E R  3 1 ,  2 0 1 3

Apogee Components, Inc. — Your Source For Rocket Supplies That Will Take You To The “Peak-of-Flight”
3355 Fillmore Ridge Heights

Colorado Springs, Colorado 80907-9024 USA
www.ApogeeRockets.com   e-mail: orders@apogeerockets.com

Phone: 719-535-9335  Fax: 719-534-9050

Aligning A Structural 
Paper Transition

In This Issue

Cover Photo: DFR Technologies Delta II rocket kit. Get it now at: www.ApogeeRock-
ets.com/Rocket_Kits/Skill_Level_4_Kits/Delta_II

http://www.ApogeeRockets.com
http://www.ApogeeRockets.com
www.ApogeeRockets.com
mailto:orders@apogeerockets.com
http://www.ApogeeRockets.com/Rocket_Kits/Skill_Level_3_Kits/Nuke_Pro_Maxx_Payloader
http://www.ApogeeRockets.com/Rocket_Kits/Skill_Level_4_Kits/Delta_II
http://www.ApogeeRockets.com/Rocket_Kits/Skill_Level_4_Kits/Delta_II


Page 2 I S S U E  3 5 5   D E C E M B E R  3 1 ,  2 0 1 3

You can subscribe to receive this e-zine FREE at the Apogee 
Components web site (www.ApogeeRockets.com), or by 
sending an e-mail to: ezine@apogeeRockets.com with “SUB-
SCRIBE” as the subject line of the message.

About this Newsletter Newsletter Staff

Writer: Tim Van Milligan
Layout / Cover Artist: Tim Van Milligan
Proofreader: Michelle Mason

By Tim Van Milligan

Continued on page 3

In Peak-of-Flight Newsletter 136 (www.ApogeeRockets.
com/Education/Downloads/Newsletter136.pdf), I showed 
you how to make a transition section. The type of transition 
in that newsletter is what I call a non-structural transition. 
The actual paper shroud part of the assembly isn’t meant 
to take any forces during the flight. All the forces are carried 
by the tubes underneath the shroud. The shroud is only 
meant to smooth out the air flow to reduce the drag.

The harder paper transition to make is the pure struc-
tural one. In this case, there are no tubes inside the paper 
transition to carry the forces (thrust). All the forces through 
the rocket must be carried by the paper shroud.

The advantage of the structural shroud is that it gives a 
lot more room inside the rocket to carry a bigger parachute. 
Normally, for typical model rocket, having the extra room 
isn’t needed. The one case where it might be needed is in tic transition, such as the ones that Estes produces shown 

in Figure 2. The advantage is ease of assembly, as you 
just plug it in between the two tubes you want to join. The 
disadvantage is that you are limited on the sizes of plastic 
transitions that are available. So you may not find one for 
the sizes of tubes you want to join.

The other disadvantage is that plastic transitions are 
heavy. So if your application is a competition rocket, then 
you give away in mass what you make up in volume. 

In international competition such as in F.A.I. events, 
hardcore competitors will make a single piece tube and 
transition out of thin fiberglass. This creates the optimum 
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Figure 1: A structural transition has no internal sup-
port, and allows more room inside the rocket for the 
recovery device. Here the helicopter blades of this FAI 
style helicopter will slide into the transition.

Figure 2: A blow-molded transition can be used for a 
hollow transition. The end caps can be cut off to allow 
space inside.

Figure 3: FAI models are made by wrapping fiberglass 
over an aluminum mandrel.

competition rocketry. Here a larger internal volume means 
you can put in a larger parachute so that the rocket hangs 
in the air longer. Or, instead of using a larger chute, you 
might use the space to loosely pack the chute, which in-
creases its chances of opening. In other words, it increases 
reliability. Figure 1 shows a helicopter model where the 
blades are housed inside the tube of the rocket. The long 
transition adds length for longer blades.

The typical solution in rocketry is to use a molded plas-
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situation, as the tube and transition are lightweight and 
strong. But the disadvantage is that to make the fiberglass 
tube, you need a mandrel to wrap the fiberglass around. 
These mandrels are available through the NAR’s technical 
service (http://www.nar.org/NARTS/). The mandrel and the 
layup of the fiberglass can be expensive, so changing the 
design is rare.

In this regard, paper has an advantage in that it is 
cheap and you can modify your design easily. You can 
easily make any length you want, with whatever tube sizes 
that you have available. And the forces on the transitions 
aren’t really that bad. Even if they were large, it is easy to 
strengthen a transition by putting an extra shroud over the 
first one to double the wall thickness of the paper.

But there is one big issue that you have to overcome. 
That is getting structural paper transitions aligned properly. 
As shown in the video on the Apogee web site (Transition 
Section Construction – Part 1 www.apogeerockets.com/
Advanced_Construction_Videos/Rocketry_Video_10), it 
is easy to get the tubes misaligned. If the tubes are mis-
aligned, then your rocket will have a kinked look to it, and it 
won’t fly straight.

The solution is to build a temporary structure inside the 
transition to make sure it is aligned. It is then removed after 
all the glue is dried, to reveal the large internal volume. The 
only downside of this is that it will take some extra work, 
and you’ll have an extra fixture that will probably be tossed 
out after you’re done with it.

Designing The Transition
I typically use RockSim to generate the shroud pattern, 

because I find it is fast and accurate. But the dimensions 
on the transition shroud are critical on a purely structural 
piece. The reason is that if there is any slop or gaps around 
the tubes, it makes it harder to get perfect alignment of the 
tubes. Therefore, you’ll need to know the exact dimensions 
of the tubes.

If the tubes aren’t in the database of RockSim, you’ll 
need to get the measurements to three places after the 
decimal point. For example, if you look on the Apogee web 
site for body tube dimensions, we list them all to three deci-
mal points for the tubes we carry. Here is what I do when I 
specify the dimensions of the shroud:

1. The small diameter of the shroud must fit snugly over 
the smaller tube. This is the most critical dimension of the 
shroud, so you may have to print out a couple of shrouds 
until you get the fit correct. I usually start by adding 0.004 
inches to the outside diameter of the small tube. So if 
you’re using an AT-13 tube (a BT-5 size) which has an out-
side diameter of .544 inches, you’ll want to specify the rear 
diameter of the shroud to be .548 inches. This should give 
you a snug fit of the paper shroud over the small tube.

2. The large diameter should be set at the exact diam-
eter of the outer tube. So if the outside diameter of the big 
tube is 1.585 inches, then that is the diameter you should 
type into RockSim to create the shroud.
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In the past, I would set the diameter slightly larger than 
the diameter of the big tube so that the shroud hangs over 
the edge a little bit. I did this thinking that it would be easy 
to sand off the overhang so that you’d get a perfect fit. But 
I’ve never found the look to be satisfactory. The end result 
was that it had a rounded look to it, or if you sand too deep, 
you sand through the paper and you have a gap around 
the tube to fill. 

Recently, I’ve been playing with slightly undersized 
shrouds, and I like the look much better. I found it easier to 
get a better appearance by filling the gap than by sanding 
off the overhang.	

This will require a little bit more work initially, but it 
more than makes up the amount of work saved in sanding 
later.

In RockSim, in order to export a paper shroud pattern, 
you must set up three conditions.

1. There can not be shoulders on either end of the 
shroud, so you’ll need to click on the shoulder tab and set 
everything to zero.

2. The shroud must be set to hollow.

3. And the shape of the shroud must be conical.

Figure 4: To create a pattern sheet in RockSim, the 
shape must be conical, the construction set to hol-
low, and the shoulders removed. Then you can either 
export or print out the pattern sheet.

http://www.ApogeeRockets.com/Building_Supplies/Body_Tubes/Blue_Tubes
www.ApogeeRockets.com
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Once you have these conditions set up, you can now 
print out or export out a shroud pattern. 

Rolling the paper shroud is the hardest part of the 
entire process. And for this, I recommend watching my 
video on the Apogee Components web site (www.Apo-
geeRockets.com/Advanced_Construction_Videos/Rock-
etry_Video_10). It will walk you through the basic technique 
of rolling the shroud and joining the edges together.

The small tube must be inserted into the paper shroud 
first. But before you do that, you’ll need to add a ring to the 
end that will be inside the paper shroud as seen in Fig-
ure 5. The larger the diameter of the ring, the better, as it 
will make sure that the small tube comes out of the paper 
shroud straight. But a large ring will also mean more weight 
inside the paper shroud and a heavier rocket. 

If you need a shock cord attached to the small tube, 
such as it is a motor mount, then you’ll want to have two 
rings on the tube as shown in Figure 6. I like a thick ring for 
securing the shock cord, so it can’t yank out of the rocket. 

But the shock cord will interfere with the fit of the ring touch-
ing the inside surface of the paper shroud. So the second 
ring is needed. For this ring, I recommend a cardstock ring 
to minimize the weight.

Also, don’t add an engine block to the tube yet, as you’ll 
need to have an unrestricted tube for assembly. You can al-
ways come back and add an engine block to the tube once 
you finish aligning the tubes.

To make it easier to slide the small diameter tube inside 
the shroud and to ensure alignment of the tube, you’ll 
need a long tube the same diameter as the small tube. For 
convenience, we’ll call this long tube the “alignment tube.” 
You’ll put a tube coupler into the alignment tube so that you 
can temporarily join this with the small tube on the rocket. I 
recommend that the tube coupler be glued inside the long 
alignment tube so that the coupler doesn’t accidentally get 
stuck in the small tube of the actual rocket (see Figure 7 on 
the next page).

Figure 5: A ring on the front of the small tube will cen-
ter up the tube inside the transition.

Figure 6: If you need a shock cord, then use two rings 
as shown. This prevents the shock cord from mis-
aligning the tube in the transition.
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On the other end of the alignment tube put two center-
ing rings. These need to fit over the alignment tube and into 
the big tube. You may have to adjust the position of these 
rings along the length of the tube, so at this point don’t glue 
them down. You just need them to make sure the small 
tube will be aligned with the transition once you glue it in.

You can test fit the small tube into the shroud to see 

how it fits, as shown in Figure 9. As mentioned before, you 
want a snug fit of the paper shroud over the small tube so 
that there are no gaps around the perimeter where it slides 
over the tube. You can also see where the ring glued to the 
end of the small tube will touch on the inside of the shroud. 

Roll the alignment tube on its two centering rings 
across the table, and make sure the small tube doesn’t look 
like it is wobbling. If it is, then the alignment is off. Try push-
ing the small tube deeper into the paper shroud to center 
things up. This is a test-fit to make sure you know how it 
should work once you add glue to the parts. Now pull the 
small tube out of the paper shroud so you can apply glue to 
the right spots.

North Coast Rocketry
Mid & High Power Rocket Kits!
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• Big Kits with Classic Styling and Bold Graphics
• All Rockets Feature Laser-Cut Plywood Fins and Rings 
• Easy-to-Build. Durable. Exciting, and a Real Joy to Fly!

NEW!

Figure 7: The alignment tube is a tube the same diam-
eter as the smaller tube in the rocket, with rings on it 
that center it into the larger tube. There is a coupler on 
one end so the tube can be temporarily mated to the 
small tube.

Figure 8: Temporarily insert the coupler into the front 
end of the small tube.

Figure 9: Slide the small tube into the transition us-
ing the alignment tube to push it so the centering ring 
contacts the inside of the transition.

Figure 10: The ring and the end of the paper shroud will 
align the tube perfectly.

http://www.apogeerockets.com/North_Coast_Rocketry
ApogeeRockets.com
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Put glue on the edge of the ring and where the paper 
shroud meets the small tube (see Figure 10). Push it into 
the shroud using the alignment tube. Don’t push too hard, 
or you’ll make a bulge in the paper shroud where the ring 
touches. But make sure that the small tube is aligned 
straight by rolling the long alignment tube along the table.

If everything works right, the small tube will now be 
straight out the small end of the shroud. Remove the align-
ment tube from the assembly and allow the glue to dry.

While that is drying, you’ll need to build the shoulder on 
the large diameter tube that will mate inside the big end of 
the paper shroud. 

You can use a short length of tube coupler for this pro-
truding shoulder if you are using a standard diameter tube. 
If it is a non-standard diameter tube, then you’ll need to 
make up a shoulder using paper. You can simply glue strips 
of paper into the end of the tube, so a little bit hangs out of 
the tube. Test fit the shroud over this shoulder.

Here is a little trick I discovered that makes it easier to 
get the lip of the paper shroud over the shoulder of the big 
tube. That is to add a second shoulder to the one already 
in the tube. With a stair-step approach seen in Figure 11, 
the shroud should slide over the shoulder easier, and you’ll 
have more area for making a strong glue joint.

If you sized the shroud properly when you designed 
it, the paper should not overlap the tube. Ideally, it should 
butt right up against the edge of the big tube. If there is a 

Figure 11: Two short shoulders sticking out of the big 
tube help align the paper transition.

Figure 12: Insert the alignment tube into the big tube 
so you can then slide the paper transition over the 
shoulders of the big tube.
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gap between the paper transition and the edge of the tube, 
then sand the length of the exposed portion of the shoulder 
down. That way, the shoulder is shorter. When you have 
the length of the shoulder to allow a perfect fit, it is time to 
glue everything together.

Insert the long alignment tube into the large diameter 
tube (as seen in Figure 12) and then into the shroud. It may 
be a bit tricky to get the tube coupler into the end into the 
small tube, but it needs to go into it. This will make sure that 
the large tube is aligned with the small tube.

If the position of the centering rings doesn’t allow both 
of them to be inside the large tube, you’ll have to pull the 
tubes apart and readjust the rings’ positions. Tack them to 
the long alignment tube once you have them in place. Ide-
ally, the farther apart the rings are, the better the alignment 
of the tubes will be once you glue them all together. 

When you are satisfied with the fit and the alignment, 
you can add glue to the exposed end of the shoulder, and 
slide it into the paper transition.

Keep the long alignment tube in the assembly while the 
glue dries on the transition. When it is dry, you can remove 
the alignment tube. 

You’ll be left with a hollow transition section that adds a 
lot of space inside your rocket. A completed FAI style rocket 
is shown in Figure 15.

If you have any questions or comments on this pro-

Model Rocket Design and Construction
By Timothy S. Van Milligan

The Expanded 3rd Edition

Apogee Components
3355 Fillmore Ridge Heights
Colorado Springs, Colorado 80907 
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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

Figure 13: Slide the transition over the shoulders stick-
ing out of the tube.

Figure 14: The final joint shouldn’t have any overhang.

http://www.apogeerockets.com/Rocket_Books_Videos/Books/Model_Rocket_Design_And_Construction
www.ApogeeRockets.com
www.ApogeeRockets.com


Page 10 I S S U E  3 5 5   D E C E M B E R  3 1 ,  2 0 1 3

Aligning A Structural Paper Transition
Continued from page 10

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.

24 foot cord, allows you to stand far back
for launch safety.

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

Flat-jaw alligator clips
(for easy hook-up of igniter.) 

Pratt Hobbies GO BOX 
�Launch Controller

Brought to you by:

www.ApogeeRockets.com/Launch_Accessories/Launch_
Controllers/Go_Box_Launch_Controller

Figure 15: A completed rocket with a hollow structural 
transition section.

cess, please let me know.
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