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Figure 1: Scale model kit comparison

You've got a new rocket plan, and you get the idea that
| you'd like to make a large version of it. Bigger versions al-
ways make a huge impression on spectators at a launch,
especially if they have first-hand knowledge of the smaller
version, or if they can see the two rockets side-by-side.

Why do bigger rockets grab the attention of others?
| think the first reason is that big rockets stimulate the
5-senses in a greater way than smaller ones. When you
look at them from the same distance away, the bigger one
takes up more space visually. You can’t help but notice
them, like you would a big orange glowing neon sign that
stands alone in the middle of a highway on a dark night.
They grab your attention, because they pop out from the
surroundings and take up so much room in the frame of
your gaze.

Sound-wise, the upscale rockets also have a larger
roar at take-off than a smaller one due to the bigger noz-
zle opening in the motor that is needed to push the rocket
in the air. And since the bigger motors produce more
smoke, there is a greater chance of getting a whiff of the
smell they make as they take off. When all your senses
are taking in information at once, the thought that is going
through your head is that something important is present
here, and you better take notice of it.

The other reason people are impressed by bigger rock-
ets is that they assume that the amount of work to build
a larger version was proportionally more than the smaller
one. They know that building a large sandcastle takes a
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lot more work than building a small one, so they apply this
same logic to building a large rocket. There may be some
truth to that, depending on the size of the rocket. People are
impressed by something that took a lot of work to create.

Whatever the reason may be, people are drawn to “BIG”
things. So scaling up a small rocket to a big one is some-
thing that is very common in rocketry. If you've never done it
before, this article will give you the steps you’ll need to make
a successful bigger version.

Start with a Plan

What | like about scaling up rockets is that it is a lot like
designing a rocket from scratch, but there are some advan-
tages.

The big advantage is that you’re starting with a design
that already has some visual appeal. People like it because
it evokes an emotional response, because it reminds them of
something that is important to them. Its shape as well as the
graphics on the rocket trigger that pleasurable feeling. To be
honest, this is the hardest part of designing a rocket. It has to
be visually appealing, or you just don'’t really care too much
about it. We all have our favorites, and the ones that we care
about look gorgeous to us.

Starting with a small rocket that already has visual appeal
means that the larger version will have that same appeal,
and then it gets enhanced by the heightened level of your
five senses. Incidentally, | always get a kick when people
upscale one of the Apogee kits. That tells me that we found
a shape and a decor that appeal to people as much as it
appealed to me.

The other nice thing about upscaling an existing plan is
that the stability of the rocket has already been proven. If
you're new to rocketry, you may not fully understand all the
factors that affect the stability of the model and whether or
not it will be safe when you fly it.

With the larger version, you can be assured that when
you launch it it will fly straight as long as you have the CG in
the appropriate spot. You don’t need to change the shape or
the size of the fins to get it to fly straight.

But what is that appropriate spot? In short, if the Cen-
ter-of-Gravity (CG) is two body tubes diameter in front of the
fins on the plan, then on the upscale rocket the CG should
also be two body tubes diameter in front of the fins.

This doesn’t take a lot of mental ciphering, and allows you
to create rockets that you know will be stable and safe when
you launch them.

What Size To Make the Upscale?
The first task that you need to perform is to decide how
big of a rocket you want to make. The limiting
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factor is the availability of the parts from which to make the
larger rocket.

“What is available to you?” This is the question you have
to ask. | know it is disappointing to hear that you can’t get
a custom part that you need for your upscale. In a world
where everything is moving to be “customized,” there are
still a lot of items that aren’t available in multiple sizes. For
example, the hardest parts to find are large nose cones.

Your first task, before you do anything else in the pro-
cess is to go and find a nose cone that is approximately
the same general shape as is called out in the rocket plan
that you have. If the original plan calls for an ogive shaped
nose cone with a length-to-diameter ratio of 3-to-1, then
your larger version should also have the same length-to-di-
. ameter ratio that is 3-to-1. Ideally, you want it to be close to
that shape because “shape” is one of the factors that give a
beautiful aesthetic appeal to the design. If you start chang-
ing shapes, then the larger version will look odd to other
. people that are already familiar with the design.

Matching the shape of the nose cone is a challenging
part of the process. A lot of times, you'll find that it is im-
possible to find a nose with the exact proportions that you
need. In that case, your only options are to make the nose
cone yourself (maybe get it 3D printed), or just go with a
. shape that is not a perfect match.

When | upscaled the Orion Luxury Shuttle plan (Figure
|| 2) (https://www.apogeerockets.com/education/downloads/
" Newsletter78.pdf) and turned it into the Dynastar Orion
(https://www.apogeerockets.com/Rocket-Kits/Skill-Level-
3-Model-Rocket-Kits/Orion), | had no choice but to change
the shape from a parabolic nose to one that was a longer
5-to-1 ogive shape. That was the only large nose cone that
| had available.

Fortunately, making the nose cone longer seems to have
a nice visual appeal to it. If you make your upscale have a
longer nose cone, people will think it looks different, but not
dis-harmonious. It still looks attractive. On the other hand,
in my opinion making the nose cone shorter on the larger

version is definitely less appealing to the eyes. This is just
my own personal opinion, so don’t take that as a hard-and-
fast rule that you can'’t violate. It is all subjective.

With the nose cone selected for the larger version, we
now can get down to figuring out the scale ratio. For this,
you'll need the exact diameters of the tubes.

Where do you get the exact diameters of the tubes? My
go-to source is the Apogee Components website. Just go
to the site and find the tubes the nose cones fit into, and we
provide the dimensions that we use when we order them
from our suppliers.
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Orion Luxury Shuttle
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Figure 2: The plans for the Orion Luxury Shuttle that were used for the
DynaStar kit.

For example, the original Orion plan called for the
PNC-24A nose cone. If you look this part up on our web-
site (https://www.apogeerockets.com/Building_Supplies/
Nose_Cones/Low_Mid_Power_Nose Cones/PNC-24A),
you'll find that it fits a 24mm diameter tube. From here, |
have to go to the tube page and find the exact outer diam-
eter of the 24mm tube (also called the BT-50 size). https://
www.apogeerockets.com/Building_Supplies/Body_Tubes/
Low_Power Tubes/24mm_x_18 Body Tube Estes BT-
50_size. From that part, you’ll find the outer diameter as
0.976 inches.
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Continued from page 3 Putting in our diameter numbers that we got from the
Apogee website:

J4MM X 18" BODY TUBE (BT-50] Scale Factor = m = 2 272
F Madsl 12100 0.976 inches '
o Qiy paw pack &
o Waierial Kiaft Paper

ek R What this means is that every dimension on the rocket

il will have to be multiplied by 2.272.
Take the body tube length for example. You'd find the

length of the upscale rocket using this formula:

# Lacation: $10-3-3-3
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From the original plans, the body tube length of Orion
Luxury Shuttle rocket was specified to be 11 inches long.
So for our upscale, you'd multiply as shown:

Figure 3: The exact diameters of the tubes are found on the Apogee
website.

Now you're going to do the same look-up for the up-
scale tube. In this case of the Dynastar Orion, the nose New Dimension = 2.272 X 11
cone that was available is the PNC-56A (https://www. = 24992
apogeerockets.com/Building_Supplies/Nose Cones/
Low Mid Power Nose Cones/PNC-56A BT-70). From Now that we know the length of the tube as 24.992 inch-
the chart on that page, you'll see that this nose cone fits es, we'd go back to the Apogee website to select this part
the tube with P/N 10164. Just click on that part number and start building our parts list. But here is where you're
. and it will take you to the tube page where you'll find the going to run into your first snag.
dimensions. Apogee does sell the tube, but if you look at the website,
you'll notice that the length is only 18 inches long.
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Figure 4: From the nose cone selection chart, you can quickly find out £ - :

what tube the nose cone fits into. 45 o Outer Dlameter: 2317 (563 em)
b F  Manufactured by: Apoges
From the nose cone page, the outer diameter of the " ) o Lacation; 511-2-2-4

tube is 2.217 inches.

With these two diameters, we can now determine the
scale factor for the upscaled rocket. That comes from this
formula:

Figure 5: The length of the tube is shorter than what is needed for the

upscale.
Continued on page 5
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Continued from page 4

The common thing people ask us is where can they get
a tube that is longer than what they need. Specifically, they
ask if they can custom order it from us. Unfortunately, we
do not make custom parts like this. Nor do we know which
vendors do make a tube that long. Because of shipping
costs, it is usually too expensive to ship a long tube, which
is why we try to cap them at 18 inches.

The solution is simple - you'll use two shorter tubes that
are joined by a tube coupler. On the web page for the body
tube, if you scroll down a bit, you'll find a link to the tube
coupler that fits into the tube so you can join two together to
make any length you want.

How to upscale the fins depends on the original plan and
what format it is in. In other words, is the plan you have al-
ready printed on paper, or is it in electronic format like a pdf?
| prefer a pdf, because that is the highest resolution.

If the plans are in pdf format, and are 1:1 scale for the
original plan, then you only have to print it out at the scale
factor you've already calculated.

For example, if the drawing for the Orion fin was 100%
actual size for the small version, then you’d simply go to the
print menu on your computer, and find the little box that says |
to scale the drawing. However, the scale is not 2.27. You
first have to multiply it by 100%, and you'll get 227%. Once
you set the scale, click print, and you'll get a full size tem-
plate for the upscale version of the rocket.

These items Are Also Recommended For Use With This Product
AC-56A (BT-70) Couples

Coupling Tubes that (it the standard BT-70 Tubes from Extes industres (also
called S6mem diameter tubes) Tube couplers are holiow oylinders that

£y

Figure 6: The link to the tube coupler on the web page.

Does joining two tubes together make the rocket any
worse than if it was a single tube? Not really. The downside
is that you have to take the time to join them together, and
it has an extra part in the plans. But it is cheaper in the end
compared to the shipping expense of a longer tube (if one
was available).

And the other good thing is that the weight of the coupler
is probably going to be ahead of the CG of the rocket, so
you’ll be adding more stability to the rocket. That is also a
good thing.

So you see how the process goes from this point. You
multiply the lengths in the original plan by your new scale
factor, and then you go search for parts that will allow you
to make the new rocket.

The fins are probably the easiest parts to upscale be-
cause you already know that you can’t order fins that are
already upscaled. Just taking that option off the table frees
up your time that you might waste searching in vain for a
part you can’t get. It allows you to concentrate on figuring
out real solutions to the design challenges.
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Figure 7: You can set the print size percentage (scale) in the print
dialog box on your computer.
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Continued from page 5

If the drawing is not at full scale you’ll have to first print
it out and convert all the dimensions to the new upscale
size.

5.67

2SI

[
Figure 8: As you did with the length of the rocket, you have to multiply
all the dimensions on the fin by the scale factor.

As you can see in Figure 8, I've taken all the dimen-
sions and multiplied them by the scale factor to make the
large up-scale rocket.

You can redraw the fins in a new drawing if you want,
or you can re-print them to the correct size following this
process.

Start by physically measuring one of the dimensions on
the drawing with a ruler or caliper, as seen in Figure 9.

In this example shown in Figure SS, the length of the
root edge is 1.668 inches, even though the drawing says it
should be 2.5 inches. You'll ignore the 2.5 inches. The size
we want it to be is 5.67 inches. That is the new dimension
we want it to be when we print it out.

We'll create a new scale factor that we’ll use to photo-
copy the image, or reprint it out on your computer.

—-ﬂ-"

Figure 9: Measure the actual length of the fin as you have it on the
drawing.

Like we did with the pdf version, you can change the
scale of the print-out from the printer itself. So you’ll end
up with a full-size pattern that you can use for your upscale
version of the rocket.

The new scale factor is:

New Dimension

Scale Factor = 100%

Old Dimension

In our example, we can get the dimensions from
Figures 8 and 9.

5.67 inches

1668 inches o = o
1668 nches . 24X 100% = 340%

Scale Factor =

Continued on page 7
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Sonlues Ton R @ Using RockSim Plans
So now we take our original drawing and set the printer If you are using plans from RockSim, it is even simpler
scale to 340% before we print it out. to generate the fin templates in the right scale. First go the
the “Rocket” menu at the top of the screen, and select the

I;uetu:um Ratio scale” option (Figure 12).

' t§3\ Simulation Help
e

Parts list .... sletter/Newsletter Plans/onio
CD Analysis ...
Stability analysis ...
Edit database

| > | . . -
Unload engines #U |
Reload engines #R

Scale By scale factor ...
|
Figure 12. From the Rocket menu in RockSim, select the “Scale” choice,
and then the “By scale factor...” option.

This will bring up a dialog box that you can type in the

Once you print out the drawing, double check the accu-  scale factor you want for the rocket. In our example of scal-
racy by actually measuring the dimensions on the print-out  ing up the Orion from a 24mm tube to a 56mm tube, the
with a ruler or caliper. You can compare Figure 11 versus scale factor was 2.27 times, so that is what we type in the
Figure 8 to confirm that everything is sized correctly. dialog box of RockSim (Figure 13).

[
Figure 10: On the keypad of your photocopy machine, set the output
size according to the new scale factor you calculated.

i sl
e

® @ RockSim - Scale

Scale factor
2.27

Figure 13: You can simply type in the scale factor into RockSim’s dialog
box, and it will avtomatically adjust the size of rocket for you.

Figure 11: Confirm the accuracy of your fin templates by actually

measuring the printed out lengths. Compare this to Figure 8.
. -
o ( [

s

TORMINATOR .

Darl-af K
| k .('- 4 € o 't 3 4
Laser cut rings and tubes with tg;pﬂy!:_:the:wgll ins

Flexible nose cone for extra eqgqprotection
U www.apogeerockets.com/Rocket-Kits/Skill-Level-4-Model-Rocket-Kits/EggStorminator Cauint Nus foi straigllgeﬂ W
I : 7 . : Nose cone hulﬁhe"hmmslre compartme

e

Page 7 Issue 499 | July 9th, 2019



https://www.apogeerockets.com/Rocket-Kits/Skill-Level-4-Model-Rocket-Kits/EggStorminator

How to Scale up a Rocket Plan

Continued from page 7

Once you are ready to print off the fin templates, you go
to the print menu, and you’ll get a dialog box as shown in
Figure 14.

L@@

Rocksim print selections

MGEETS Acotonssetigs

B Rocknt information
Rocket drawings

# Sidg v

o o whew

- [0 Base vigw

2 Parts list
& Templates

i

nams
_Hm'-n cong
Ring

Firg

|Fin et

Simulation infoermation
| Bimudation murmmany

Seipcind suralaticna
= | Al mirmations

Sy deta
¢ Srdaton geaghn

= WS c

Figure 14: The print dialog box of RockSim. You’ll need to uncheck
some hoxes so that you only get the fins, and not everything else.

! When you get to the “RockSim Print Selections” dialog
| as shown in Figure 14, you'll have to be careful to check
the boxes as shown. If you forget to uncheck the “Rocket
Drawings” or the “Simulation Information,” your printer will
| go crazy and print out a lot more pieces of paper that what
you originally intended.

The cool thing is that the fin templates will be at the right
size for your up-scale rocket project.

But what RockSim doesn’t print out is a full-scale image
of the entire rocket. It will always reduce the side, top and
base view drawing to a size that fits a sheet of paper. If
you want full size drawing of your rocket, there is a work-
around but it involves using other drawing programs as
well as RockSim. See Video Tutorial #25 on our website at:

https://www.apogeerockets.com/RockSim/RockSim_Video_

Tutorials

The Internal Components

The process above will get you the outside dimensions
and templates for making the fins on your upscale rocket.
However, there is more to the process than just creating fin
templates. You still have to decide what size rocket motor
you want to use in the design.

What doesn’t scale up easily is the engine mount tube
and the centering rings inside the rocket. For example, in
our Orion kit, the original engine mount tube is 18mm in
diameter. If we multiply that by 2.27, we would come up
with a motor size of 40.86mm. But there is no such thing as
a 40.86m motor. But there is a 38mm motor, which is pretty
close.

Think about this though... would you put a 38mm (high
power motor) into an Estes BT-70 tube? If you're new to
rocketry, you might answer yes because you don’t have
anything to compare against. But if you have any expe-
rience, you'd know that the BT-70 tube is thin-wall and
couldn’t handle the forces created by a high power rocket
engine. The tube would be crushed under the thrust of most
of the 38mm motors available.

What I'm alluding to here is that you will have to make
quite a few engineering decisions when you upscale a
rocket plan. The first one is what size rocket motor you'll be
using in the rocket. That will dictate the engine mount tube
and the size of the centering rings inside the rocket. For our
example here, | would suggest a smaller motor, probably
a 24mm diameter engine for your first upscale design. In
fact, that is what | chose when | created the DynaStar Orion
rocket kit. It flies great on 24mm diameter D, E, and F size
rocket engines.

The number of choices you'll have to make starts to
snowball at this point. As you think about it, you could really
get lost and discouraged. Not only do you have to select
the motor tube, but you have to properly size the centering
rings, the parachutes and also pick the materials the rocket
is made from.

This is where you’ll have to do a little bit of research.
This is the way that | got my start in rocketry in the 1970s,
and it is still the method I'd use if | were to start all over
again and | didn’t have anyone to ask for advice. Here is
what I'd do:

Look at rockets that are similar size to what you’re build-
ing, and choose the sizes of the internal components to be

similar to those.
Continued on page 9
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Continued from page 8

You want to learn from the experience of other rocket
designers. Actual kits are a great source of how-to informa-
tion.

In our example here, | would go to the Apogee website
and find rockets that are similar size to what you want to
make. If they are “Apogee” or “DynaStar” rocket kits, the
website contains full sets of assembly instructions in pdf
format that you can download and look over. When you are
looking at them, notice the size of the tubes, and the mate-
rials that are selected for the rockets. If you use something
similar, you’ll probably have a good chance of having a
successful design.

RockSim It!
' When [ started out in Rocketry in the 1970s we didn’t
have software. So we didn’t have a systematic way to
select rocket motors to fly in the rocket. What did we do in
order to pick motors for our designs?
! As suggested above, we went to the manufacturer’s
- catalogs and looked for rocket kits that were of similar
size and weight to the ones we were going to fly. Then we
. choose motors that the manufacturers would suggest for
. the kits we were comparing against. If it worked for the
manufacturers, | assumed it would work for me. As long as
| everything was similar, it worked out OK.
| Back then, | studied the catalogs like they were engi-
. neering textbooks. To be honest, this system still works
|| today.
: If we wanted to check stability, we’'d actually have to
| build the rocket and toss it across the room or try to do
an unreliable swing test (https://www.apogeerockets.com/

education/downloads/Newsletter53.pdf).
| However, there is something better in today’s modern
world. It is computer software like RockSim (https://www.
apogeerockets.com/RockSim/RockSim_Information). The
software is far more accurate in predicting the success of
the launch, and | can’t recommend it enough. It is also far
faster than trying to guess if a particular rocket motor will
work in a new design (even an upscale). Even with the time
you will have to invest in order to learn how it works, it is a
huge shortcut to successful flights.

If you want to learn how to use it, | would suggest

starting with Video #1 in the RockSim tutorials on the
Apogee website: https://www.apogeerockets.com/RockSim/
RockSim_Video_Tutorials

The other suggestion | have for completing your upscale
rocket is to read the information in the book: Model Rocket
Design and Construction (https://www.apogeerockets.com/
Rocket Books Videos/Books/Model Rocket Design_
And_Construction). The book is an easy read because it
contains hundreds of illustrations and charts that will help
you get all the internal components right for your upscale
rocket.

Conclusion
I hope that this article gives you the initial guidance
you need to upscale a classic model rocket plan. | would
suggest you start with taking a small rocket and upscaling it
by a factor between 2 and 3. In our example here, we use a
scale factor of 2.27, and it gives a model with sufficient size
that it will definitely be noticed on the launch range. And it
still flies on motors that are easy to get and are affordable.
If you upscale an Apogee or Dynastar kit, please send
us a photo. It would really help my fragile ego to know that
people like our rocket designs enough to upscale them.
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