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This article comes from my NARAM 56 R&D re-
port. It details my design philosophy when creating the 
new helicopter hub that I used in the GyroChaser (www.
ApogeeRockets.com/Rocket_Kits/Skill_Level_4_Kits/
Gyro_Chaser), and also in the new Rotary Revolution kit 
(www.ApogeeRockets.com/Rocket_Kits/Skill_Level_4_Kits/
Rotary_Revolution)

Background
The project’s goal originally started when I tried to cre-

ate an easy-to-assemble helicopter hub that my girls could 
assemble and use to be competitive at the FAI fly-offs in 
the summer of 2013. Even though they were seasoned 
competitors, I felt they were at a disadvantage in this case 
because they had never competed in FAI helicopter style 
competition. I consider FAI style to be vastly different from 
NAR style helicopter duration because the configuration of 
the models is quite different.

To be competitive, the modeler needs a low drag 
design for boost, which points to the strategy of using 
internally carried rotor blades. In NAR competition, they 
are usually carried externally, because there is no limitation 
on the diameter of the rocket in the Pink Book rules. In FAI 
events, there is a minimum diameter for the rocket, and the 
internal space is going to be present in the design, whether 
you use it to hold the blades or not. Therefore, a competitor 
might as well use the internal space.

The big problem, because my children were young and 
lacking building skills, was that I felt it took too much fine 
muscle skills to put together a complex hub that required 
precision assembly. I foresaw that they would be frustrated 
by the process, and end up with a helicopter that was out of 
balance and wouldn’t perform very well.

Therefore, I set out to simplify the hub, to make it easy 
for them to assemble and yet one that was both lightweight 
and would fly sufficiently well. 

Approach Taken
This project followed the standard incremental process 

Development of a New and 
Simplified Helicopter Rotor Hub

that one might use when developing any new type of inven-
tion:

A: Background research. Find out what is the current 
standard.

B: Build what other people built
C: Weigh the pros and cons of the “industry standard”
D: Try to eliminate the cons with a revised design
E: Test the new design
F: Repeat the process until the original goal is suffi-

ciently achieved
I followed that approach. The hardest part was doing 

the research of past helicopter hub designs. The reason is 
that the information is scattered in so many locations.

References to previous work done on the 
subject, found in research preparatory to this 
report

My previous experience working on FAI style helicop-
ters was in 1993. Prior to that time, the Gyrocopter event 
within the FAI was not flown in competition. It was sort 
of a provisional event. George Gassaway and I, working 
independently, came up with two different designs for the 
proposed event. I published them in the Journal of the 
International Space Modeling Society (J.I.S.S.  Volume 1, 
Number 4; July 1993 (see Figures 1 and 2).

Both of us based our hubs on the small plastic hinges 
that are com-
mon in the model 
aircraft industry. 
The pros of these 
hinges were they 
were readily avail-
able, cheap, and 
reliable. 

One minor 
disadvantage of 
these hinges is 
that they require 

Figure 1: Tim Van Milligan’s Octo-
pus design used 8 blades to form a 
tube when folded down. It didn’t fly 
very well, unfortunately. 
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flat plane surfaces in order to mount them. But the biggest 
issue that I had with them is that they are hard to glue to, 
because they are made from Nylon® plastic. When gluing 
them down to wood using super glue (the only glue that 
sticks to that type of plastic), you had to be very careful not 
to get any into the hinge pin cavity. If you do, the hinge im-
mediately seizes up and has to be replaced. I foresaw that 
this issue would be a great challenge to my girls building 
their rockets and therefore to be avoided if at all possible. 
It is very tricky to keep the glue away from the hinge pin 
(been there... done that).

Another type of hinge that I’ve seen used is the music-
wire variety, which was common in the Rose-a-roc style he-
licopters. Flis Kits currently sells a Rose-a-Roc kit at: www.
fliskits.com/products/rocketkits/kit_detail/rosearoc.htm. 

In Apogee Components’ Peak-of-Flight newsletter is a 
plan for a 40mm diameter FAI style helicopter using bent 
music wire (see Figure 3). It was submitted by British flyer, 
Stuart Lodge (Peak-of-Flight Newsletters #83 and #84 – 

June 14, 2002 and June 
28, 2002 which can be 
downloaded at:  www.
ApogeeRockets.com/
Education/Downloads/
Newsletter83.pdf and 
www.ApogeeRockets.
com/Education/Down-
loads/Newsletter84.pdf)

The pros of hinges 
made from music-wire 
are that you can find 
music-wire in any hobby 
shop, and they are 
cheaper than the nylon 
hinges. It can also be 
formed to fit any shape 
rocket.

The con of music-wire hinges is they are very hard to 
bend accurately. And if you figure there are multiple hinges 
on each model, it is likely that the rocket will be unbalanced 
when flown. 

They are also hard to attach to the rocket because they 
have to be anchored into the wood with staple-like fasten-
ers (also made from music wire). With all the disadvan-
tages of music-wire hinges, I felt that this style of pivot was 
even harder to deal with than nylon hinges, and would be 
too complex for children in A-division to assemble. 

The final style of hub that I was familiar with was the 
molded resin hubs that I created in the mid 1990’s for Apo-
gee Components. The company used to sell a kit called the 
Micro Whirl-A-Tron that was a similar to the Rose-A-Roc, 
but the hub was molded from Urethane resin (see Figure 
4). The advantage of these hubs was that all the critical 

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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Hinges

Paper ring glued to lip of tube
(secures nose base, and acts as stop for piston)

Elastic shock
cord & swivel

Piston made of
Plywood disk
glued to top of
short paper ring

Chord of blades15/16" to
fit inside of 30mm tube

Round headed pin which allows nose to
slide up and down approx .5" for
deployment of blades by rubber bands

Flop-tip FAI helicopter design

by George Gassaway
Developed and test flown May 1991 Drawn Apr 23, 1993

1/2 scale except as noted

Approx 200mm main  tube, 395 mm overall model length

Rotor unit  as folded for fit in body tube

Full scale

Figure 2: George Gassaway’s original Flop Tip helicop-
ter for the FAI S9 gyrocopter duration event.

Elastic thread

Wire hinge units connected to blade. 

20 gauge piano wire.

40 mm dia. body tube

Polyurethane foam

Cocktail stick epoxied 
in launch lug.

Rotorhead disk fabricated
from 2mm thick carbon fiber and
4mm balsa thick x 40mm dia. rings 

Bottom View

Piano wire hinge units
sewn in place with u-control
wire & sealed with epoxy.

Needle holes
in rotorhead.

10mm

35mm

10mm

10mm 15mm

20 gauge piano wire 
hinge units. (3D view)

Launch lug

FA1  Category S9B, 
Gyrocopter Duration

Plan by:
Stuart Lodge, June 2002

Apogee drawing by:
michael glockson

Spin Doctor Hinge Detail
see spin doctor plan in the
previous issue for overall
rocket dimensions and layout

Figure 3: The Spin Doctor by 
Stuart Lodge.
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Development of a New Rotor Hub

Continued on page 5

angles needed to insure rotation were built into the hubs. 

However, the hubs were brittle and not very strong. 
They usually broke when the model landed on the ground. 
They also suffered from the same situation as the nylon 
hinges, in that if you got glue on the hinge pin, they would 
seize up and become non-functional. They were also very 
difficult to mold and took a lot of post-production processing 
of trimming off excess resin before they were ready to go 
out to customers. I recall the reject rate was approximately 
50 percent, so they were very expensive to produce. It was 
around the year 2000 that I stopped producing the hubs for 
Apogee Components.

Since I wasn’t too involved in FAI flying, for the next 
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Guillotine Fin Alignment Jig

• Get Perfectly Aligned Fins Every Time
• Holds the Tube In a Horizontal Orientation 

to Prevent Glue Drips
• Self Adjusts to ANY Size Tube From 13mm 

(BT-5) to 66mm (BT-80) 
• Securely Holds The Fin While The Glue Dries
• Kid-Friendly! Helps Them Make Stronger 

Fins, Resulting in Straighter Flights 
• Can Accomodate Fins Up To 1/2” Thick 
• Allows Any Number of Fins on the Tube

www.ApogeeRockets.com

The Most Versatile Alignment Jig Ever Manufactured

Figure 4: The Micro Whirl-A-Tron kit used a urethane 
hub that was molded using silicone rubber molds.

Figure 5 & 6: Photos of hubs used at the Internats fly-
offs in the summer of 2011.

http://www.apogeerockets.com/Building_Supplies/Tools/Guillotine_Fin_Jig
www.ApogeeRockets.com
www.ApogeeRockets.com
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Continued on page 6

10 years, I didn’t keep up with the development of hubs 
for internally carried rotor blades. In 2011, at NARAM-53 
in Cincinnati, Ohio, I was able to watch some of the fly-
offs for the 2012 US SpaceModeling team. I happened to 
watch some of the S9A (A-engine Gyrocopter) flights. I was 
amazed at how lightweight the models were, and how well 
they flew. So when possible, I took pictures of the models, 
and in particular, the hubs (see Figures 5 and 6).

What I found that had changed significantly since my 
last foray into hub design, was that the blades were no 
longer flat planks of wood, but were curved. The advantage 
of this was that a bigger, yet lighter weight blade could be 
carried inside the rocket, and that the spin was created as 
a byproduct of the planform shape of the rotor. 

It was really an ingenious way to make an efficient 
helicopter model, and while I don’t know who the inventor 
was, I think that most people attribute the development to 
Keith Vinyard. 

I wrote an article on how to make these styles of curved 
blades in July 2, 2013 issue of the  Peak-of-Flight News-
letter (www.ApogeeRockets.com/Education/Downloads/
Newsletter342 .pdf).

While the blades were radically different, the hubs had 
changed only a little. They where still generally a flat disk 
tto which the hinges were attached. Basically, there were 
two changes. One was that they were made from thin-
ner layers of wood so that they weighed less. Second, the 
nylon hinge flap was sandwiched between the layers (see 
Figure 7). This secures the flap of the plastic hinge bet-
ter, and it can’t accidentally debond and come off the hub. 
This can be a significant issue with the nylon plastic flaps, 
because they are slick and the glue doesn’t stick well.

Since the blade’s surface was curved, and the nylon 

hinges require a flat surface for attachment, what the mod-
elers did was to first bond the blades to a square post, and 
then bond that post to the nylon hinge. 

This was effective, because the post could extend 
across both flaps of the nylon hinge, even though it was 
only glued to one flap. The extra projection could be used 
to create a dihedral stop as the blade was deployed. I re-
ally liked this adaptation, because it did solve the dihedral 
problem without having to resort to limit-strings that were 
attached between the central shaft of the rocket and the 
bottom of the blades as shown in Figure 8.

Additional images for the current state-of-the-art heli-
copter hubs are available at:

https://sites.google.com/site/xfaispacemodeling/wsmc-
events/s9---gyrocopter-duration

But there was one problem with using the post; the 
surface area that contacted with the nylon flap was signifi-
cantly reduced. This would make it easier for the post to 

Wanted: Your Rocket Products
If you’re a manufacturer of rocketry products, like kits, electronic payloads, parts, construc-

tion tools, motors, launch equipment, or something totally cool, we’re interested in talking to you. 
We’re always looking for new products to sell.

So why have Apogee sell your products? 
We have the best customers that are looking for something new.
We provide the product support for the customers, so you don’t have to.
We take care of all of the hassles, so you can focus on what you do best.
We are a volume seller - Our web traffic means buyers will find you easier.
Our endorsement means you sell more and make more money!

www.ApogeeRockets.com
If you’re not getting enough sales, let’s talk.

Figure 7: Here the nylon hinge flap is sandwiched be-
tween two pieces of balsa wood to make the hub.

http://www.ApogeeRockets.com/Education/Downloads/Newsletter342 .pdf
http://www.ApogeeRockets.com/Education/Downloads/Newsletter342 .pdf
https://sites.google.com/site/xfaispacemodeling/wsmc-events/s9---gyrocopter-duration
https://sites.google.com/site/xfaispacemodeling/wsmc-events/s9---gyrocopter-duration
www.ApogeeRockets.com
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Development of a New Rotor Hub

debond and the whole blade would come off the model. 
The solution, as can be seen in the photo on the previous 
page, was to use string to tie the post to the flap. The hinge 
flap contains holes, so these became convenient for tying 
on the wooden posts.

Pros and Cons of the Previous State-of-the-
Art Helicopter Hubs

What I liked best about the designs described previ-

ously, is that the square post that is used to attach the 
blade to the hinge flap works well. It is the key mechanism 
that is required when using a blade that has a curved un-
derside. And the post allows the blades to stop at the right 
dihedral angle.

I took to building a hub just like the ones I saw in the 
pictures. And almost immediately, I discovered how com-
plex they really were. There are a lot of parts that go into a 
hub, each that had to be carefully shaped prior to assembly. 

AltimeterOne
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• Records peak speed and acceleration 
using 3-axis accelerometer.

• Also tells you how high the rocket 
flew. 

“The one altimeter you’ll use 
in every rocket you fly.”

AltimeterOne - See how high your 
rocket flew

Penny shown for size comparison
www.ApogeeRockets.com

AltimeterTwo - See how fast 
and high your rocket went

• Records peak altitude up to 29,000 feet 
(ASL). Displays in meters too!

• Easy-to-read LCD display. No need to 
count beeps or flashes of light.

Figure 8: Limit strings that are attached to the under-
sides of the blades prevent the blades from rotating too 
far. In effect, this sets the dihedral angle of the blades 
when in the deployed position.

Figure 9: The post sets the dihedral angle of the rotor 
blade. But the hub has many parts, lots of glue joints, 
and a complex assembly sequence.

http://www.apogeerockets.com/Electronics_Payloads/Electronics/Jolly_Logic_AltimeterTwo
www.ApogeeRockets.com
www.ApogeeRockets.com


Page 7I S S U E  3 7 5   O C T O B E R  7 ,  2 0 1 4

Continued from page 6

Development of a New Rotor Hub

Continued on page 8

Because of the abundance of parts, there were a lot of glue 
joints that had to be made. In the end, there were a lot of 
chances for construction errors to creep into the system. 
That means that they would not be very precise, and they 
would be unbalanced.

Incrementally Improving the Rotor Hub
In June 2013, Dan Kafun, a business acquaintance of 

mine, was looking for some extra income for his machine 
shop (Rocket Industries). He suggested that I lease time on 
the laser cutter that he owned. I took him up on the offer, 
and soon was cutting centering rings for the kits at Apogee 
Components. This was about the same time I was trying to 
tackle the redesign of the rotor hub, so it wasn’t very long 

before I was cutting out 
parts specifically for the 
hub.

At first, I was just 
using the laser to cut 
parts for the exist-
ing design that other 
people were building. It 
saved a lot of time, and 
sped up the construc-
tion for my daughters. 
The parts were more 
precise and needed 
less shaping to fit to-
gether properly.

One thing I did right 
away was to put cut-
outs for the hinge flap 
into the central disk. 
(where the hinge flap 

Experienced HPR Builders 
Use Thrust Plates

• Eliminates Shear Forces on Centering Rings
• Mates with AeroPacks Flanged Engine Retainers
• Fits Standard HPR Tubes, Blue Tubes, and Fiberglass Tubes
• Made from Aircraft Grade Aluminum

www.ApogeeRockets.com
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was attached to the body of the rocket). The was important, 
because it ensured the hinges were perfectly perpendicu-
lar to the central shaft, so the blades would stick straight 
out, and be exactly 120 degrees around the central shaft. 
This was done by cutting little triangular pieces out of balsa 
wood that created the cut-out for the hinge to drop into (see 
Figure 10).

The disk, being a combination of balsa wood and 1/64 
inch thick plywood, was really lightweight and also strong. 

The other change I made was to cut out the wooden 
post from 1/4” thick plywood instead of using a solid piece 
of spruce wood that previous designs had used. The rea-
son was that I wanted to cut the dihedral angle precisely 
into the part, instead of shaping it later with a sanding 
block. It is the little lightning-bolt shaped piece in Figure 10 
and also shown in operation in Figure 11.

Using the laser cutter, I also cut a small pocket into the 
underside of the post for the hinge flap to sit into. This little 
pocket allowed more 
surface area of the 
post to contact the 
central disk when the 
blades rotated up-
wards during deploy-
ment. This reduced 
the amount of lateral 
(side-to-side) wobble 
that the blade would 
experience, because 
there was more 
surface friction, since 
more of the post was 
in contact with the 
disk. This wobble is 
inherent in plastic 

Figure 10: The central disk 
was composed of a sandwich 
of 1/64” thick plywood. Trian-
gular corner pieces cut from 
balsa aligned the hinges per-
fectly. The post (top right) was 
cut in a lightning-bolt shape 
to fit the over the plastic hinge 
flap better.

Figure 11: The laser-cut post set 
the dihedral angle much better, 
and was more consistent from 
blade to blade.

http://www.apogeerockets.com/Building_Supplies/Thrust_Plates
www.ApogeeRockets.com
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Continued on page 9

hinges, because 
there is a little bit 
of slop in the hinge 
pin as it passes 
through the hinge 
flaps. So I felt I 
solved the prob-
lem of keeping the 
blades deployed 
perpendicular to 
the central shaft.

The first 
hub I assembled 
with these small 
changes was a 
big improvement 
over the industry 

standard design. They assembled easier because the parts 
were precision-cut using the laser cutter. And that precision 
translated into a more balanced part that worked well when 
we flew the completed helicopter model. My daughters 
were able to assemble it with the only help being the at-
tachment of the posts to the nylon hinge (and wrapping the 
thread to hold them down securely).

It dawned on me that I could shave a little weight on the 
plywood posts that were mounted to the blades by reducing 
the thickness from 1/4” to 1/8”.  The 1/4” thick was overkill 
from a strength standpoint. Even the 1/8” thick plywood 
posts were practically indestructible, and they actually fit 
better to the underside of the curved rotor blades.

This new laser-cut design worked really well, and this is 
what my daughters used when they competed for a slot on 
the US team at the tryouts held in Aurora, Ohio in the sum-
mer of 2013. My older daughter, Allison Van Milligan, made 
the team with this model. I was quite pleased, because we 
had only two months to prepare for the contest.

Further Improvements to the Hub
After we returned from the fly-offs, and conferring with 

other team members, I described some of the problems we 
still had building the hub. The most significant was aligning 
the rotor blades to the wooden posts on the hub.

Keith Vinyard sent me some photographs of the 
elaborate jig that he made for this purpose. It consisted of 
a fiberglass trough that the blade sat on while the wooden 
post was glued on.

I was worried that this would be too complex a proce-
dure for my girls to do, so I looked for a different solution 
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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

Blade
Post

Rotor Blade

Graphite Shaft

Blade in launch
configuration

Blade in deployed
configurationFigure 12: The original drawing 

used to figure out how big and 
what shape to make the blade 
post.

http://www.ApogeeRockets.com/Building_Supplies/Body_Tubes/Blue_Tubes
www.ApogeeRockets.com
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Continued on page 10

to the blade alignment 
issue.

Then I remem-
bered the slots that I 
had cut into the blades 
of the Estes Skywinder 
kit that I designed in the 
early 1990’s.  The pur-
pose of the slots were 
to align the blades to 
the posts. It would only 
require reshaping the 
post to provide a tab on 
the top so that it could 
pass through the slot in 
the blade.

Since that Skywinder idea was in my mind at the time, 
I remembered that the back edge of the tab could be used 
as the hook to hold the rubber band. This meant that I 
didn’t even need to put music-wire hooks into the posts that 
were required on previous designs.

Getting Rid of the Nylon Hinge

While I felt 
the hub as a great 
improvement over 
existing designs, I still 
felt it had some draw-
backs. The big one 
was the nylon hinge. 
I was talking with 
Dan Kafun about this 
issue, and he showed 
me a helicopter he 
used in a previous 
Regional NAR con-
test. It was a Rota-
Roc style helicopter 
with externally mounted blades, but he used his laser cutter 
to make custom hinges for the model. He wanted to pre-set 
the angle-of-attack into the flat blades, so he needed the 
hinge line at an angle to the tube. So that it wasn’t perpen-
dicular to the length of the rocket, like a normal hinge might 
be applied.

To accomplish this, he made the hinge from plywood 
with a hinge-pin made from 1/16” diameter brass tube. The 
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Egg-Payload Protectors
• Soft, flexible foam padding provides 

superior protection from cracking
• Conforms to the egg to eliminate 

pressure points

• TARC style for two eggs 
available

• Lightweight & reusable
Made by:

Figures 13, 14 & 15: 
A fixture for aligning 
the blade post (also 
called blade arm) 
to the rotor blades. 
The trough holds the 
blades aligned with 
the hinge while the 
post is glued on. This 
assures that every-
thing is straight.

Figure 18: Blade attachment for 
the Estes Skywinder kit from 
the 1990’s. The projecting tab 
through the clear plastic blade 
was used as a rubber band hook 
to pull open the blade.

Figures 16 & 17: Cutting a couple of slots into the rotor 
blade and putting a tab on the wooden post allows the 
blade to align perfectly with the post without using an 
assembly fixture. Notice that I also cut some “lighten-
ing holes” into the plywood post to remove some extra 
mass.

http://www.apogeerockets.com/Building_Supplies/Payload_Protection
www.ApogeeRockets.com
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use of the 1/16” diameter tube as the hinge pin gave me 
the idea that the nylon hinge could be removed. 

The big breakthrough was realizing that the pivot point 
could pass through the wooden post.

At this point, I had to design the post so that it had a 
hole in it for the 1/16” diameter tube. And at the same time, 
I had to figure out how to hold the tube to the central hub 
disk.

I really liked my lightning bolt shaped blade posts 
(Figures 10 - 12), so I started with that design and begun 
modifying it to put the pivot point in the middle of the post.

After working through the mechanics of how the pivot 
would operate, and how it had to engage into the slot on 
the balsa wood blade, the actual shape of the wood post 
changed significantly. Figure 20 shows the newest shape 
for the blade post.

The pivot point was a challenging issue though. My 
thinking was: I could put the aluminum tube through the 
blade post, but how would it be secured to the hub disk? 

Since the tube was cylindrical, it would roll right off the hub 
disk, and wouldn’t hold its position accurately.

 It came to me that I could cut some rectangles in the 
disk that were slightly smaller than the diameter of the tube, 
so that the tube wouldn’t roll out of position while it was be-
ing glued down. These slots could be positioned accurately 
so that the blades would be exactly 120° apart.

I also realized that a slot as wide as the post would 
need to radiate out from the center of the disk. This was 
needed because the blade post had to pass through the 
middle of the disk as it swung upward. While this slot would 
decrease the strength of the disk, it had the advantage of 
keeping the post from wobbling from side to side. In effect, 
it allows the post to be made from thinner material. So I 
reduced the post from 1/8” wide plywood to just 1/32” thick. 

Things sure seemed to be coming together very nicely. 

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

but then rotor blades pop out at ejection 

• Competition efficiency: high flights and long descent time

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

• Versatile: can use any 18mm diameter motor 

• Comes with video instructions for error-free assembly
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Figure 19: A hub design by John Boren that used a 
metal post for the pivot point of the rotor blade.

Blade
PostHub Disk

Rotor Blade Graphite Shaft

Aluminum tube goes here as the
pivot point. Note that it is just
slightly underneath the hub disk.

Hook for rubber band

Blade in launch
configuration

Blade in deployed
configuration

Figure 20: The shape of the blade post changed once 
the hinge pin passed through its middle.

http://www.apogeerockets.com/Rocket_Kits/Skill_Level_4_Kits/Gyro_Chaser
www.ApogeeRockets.com
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Thickness
of wood
post

This rectangle
forms a
trough that
the aluminum
pivot lays in

The central hub disk
Made from a single piece of plywood

Figure 21: The central hub 
disk. It is made from a single 
piece of thin plywood.

Everything just felt like 
it was falling together in 
a very fortuitous way. I 
know I’m not a genius, 
so I think that when you 
borrow good ideas from 
other people and ap-
ply them in a new way, 
sometimes things work 
out really well.

The final design is shown in Figure 22.

Building the new design was a breeze. It was so easy 
to do, that I only had to show my girls just once how to as-
semble the hub, and they were off on their own – pushing 
me out of the way. That is the greatest feeling a father can 
have: when his child can demonstrate competence while 
they seek independence.

There were a few minor tweaks to the dimensions of 
the slots and the location of the pivot point after the first 
design. I was designing for a 40mm diameter rocket, so 
I moved the rectangle for the pivot pin to optimize for the 
fit of the blades into the tube. Initially, they were too far 
away from the central shaft of the hub, and that caused 
the blades to touch the sides of the tube. But moving them 
inward was a simple adjustment.

The original design was a fixed hub that was glued 
directly to the central graphite shaft. Because of this, the 
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Your Source For Everything
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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

entire model spun during descent. The bad result was that 
the shock cord that held the hub to the body tube twisted 
up significantly. The blades still spun fine, but it was a 
chore to prep for the next flight because the shock cord had 
to be untwisted.

Making a free-spinning hub was a very simple modifi-
cation.  The size of the central hole in the disk was in-
creased. This allowed it to be glued to an aluminum tube 
that fit over the central graphite shaft (see Figure 22). The 
tube and the entire hub could then spin independently of 

Figure 22: The finished 40mm diameter hub consists of 
just eight parts and weighs 1.5 grams. Note that extra 
holes were cut in the disk to remove more weight.

http://www.apogeerockets.com/Electronics_Payloads/Altimeters/TeleMetrum_Starter_Set
www.ApogeeRockets.com
www.ApogeeRockets.com
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the graphite shaft and the rest of the model.

To be honest, the shock cord still gets twisted during 
the flight, because there is still a little friction in the system. 
That friction means the graphite shaft spins with the hub, 
although not at the same high-rotation rate. But the twisting 
is not as severe, and it is quicker to reprep the rocket for its 
next flight.

The only other tweak I’ve since made to the new hub 
is to put some lightening holes in the posts and the central 
disk. The only purpose of this was to decrease weight, 
which has been minimized to only 1.5 grams. The hub 
and the blades are so lightweight, that I finally reduced the 
length of the shock cord that connects the graphite shaft to 

the tube. Typically the shock cord needs to be long enough 
to allow the nose section to slow down before the line 
becomes taut. But because the hub and blades have such 
a low inertia, they slow down quickly after being ejected 
from the model. You could think of it as ejecting lightweight 
feathers from the tube.

Shortening the shock cord is a good thing in this case. 
It reduces the chances of the blades being fouled in the 
shock cord as the rocket tumbles at ejection. Again, the de-

Cesaroni Reload Motors
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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

Figure 23: The completed model (Rotary Revolution 
kit). This is the top side of the central hub disk.

Figure 24: The underside view of the central hub disk.

http://www.apogeerockets.com/Rocket_Motors/Cesaroni_Casings
www.ApogeeRockets.com
ApogeeRockets.com/Rocket_Motors/Cesaroni
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sign of the hub affects 
the entire model and 
makes it more reliable. 

Other Helicopter 
Sizes Using This 
New Hub

Once I had the 
40mm helicopter de-
sign completed, I asked 
myself if this design 
could be translated to 
other size rockets. And 
the answer was “yes,” 
it could.

The next size I attempted was for a 24mm diameter 
rocket. The reason was that the events list for NARAM-56 
had been released, and I wanted to get a jump on a com-
petitive model for C-engine Helicopter Duration.

Since I now knew the steps to create this design, the 
hub was reduced in size fairly easily. There was still plenty 
of room inside the rocket for the hub. The blades, however, 
were a tighter squeeze. The rotor blade shape couldn’t 
simply be scaled down. The reason is the thickness of the 
wood prevented it from sliding into the body tube. It finally 
had to have a new rotor blade shape for it to fit. The rotor 
blades had to be made skinnier (higher aspect ratio).

But this new hub worked fantastic. The first time the 
hub was used in competition, my daughter Ashley set a 
new C-engine helicopter duration record of 310 seconds 
(over 5 minutes of hang time).

Next, I tried to design a hub that would allow an 18mm 
diameter rocket to carry internal helicopter rotor blades. 
This was a harder challenge, because there is so little room 

in the rocket. I was able to 
get the hub in the rocket, but 
during the first flight test, the 
blades broke right at ejec-
tion. It probably is possible to 
make a internal rotor helicop-
ter that small, but I haven’t 
had time to work the problem 
further.

The final project was to 
go back to the 40mm hub, 
and to sell it in kit form for 
people that want something 
competitive for the FAI style 
gyrocopter event. The result 
is the Rotary Revolution kit. 
I believe that this hub will in-
stantly level the playing field 
for the novice because it is easy to assemble, and is as 
light weight as anything a seasoned veteran might make.
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We’re Paying Cash
For Great Articles for This Newsletter

Are you a writer looking for some serious pocket change? 
We’re paying up to $350 for good how-to articles for this 
newsletter. If you’re interested, see our submission guidelines 
on the Apogee web site.
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Figure 25: Examples of the 
laser-cut parts for an ungraded 
helicopter hub. The wheel-look-
ing disks hold the nose cone to 
the graphite shaft.

 Figure 26: The hub from 
Apogee’s Gyro Chaser kit. 
It set one record of over 
5 minutes in C-engine 
Helicopter Duration.

http://www.apogeerockets.com
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