
The Application of Additive 
Manufacturing in the Field of 

Model Rocketry
or

How I learned to build really heavy rockets with a fancy hot 
glue gun
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Lƴ ¢Ƙƛǎ tǊŜǎŜƴǘŀǘƛƻƴΧ

ÅL ƘŀǾŜ ƴƻ ƛŘŜŀ ǿƘŀǘ LΩƳ ŘƻƛƴƎ

ÅPrinter background

ÅGeneral design considerations

ÅRocket specific considerations (aka, why you are here)

ÅExample Rocket
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Disclaimer!

ÅI am not a 3D printer guy, 
just a guy who 3D prints

ÅI trial-and-errored my way 
to victory
ÅThe information here is 
ƴƻǘ άǘƘŜ ƻƴŜ ǘǊǳŜ ǿŀȅέΧΦ

ÅΧ ōǳǘ ƛǘ ƛǎ άŀ ǿŀȅέ
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How do work?

ÅAll work using layers
Åо5 ƳƻŘŜƭ ƛǎ άǎƭƛŎŜŘέ ƛƴǘƻ ƭŀȅŜǊǎ ƻŦ ŀ ǎǇŜŎƛŦƛŎ 

thickness
Å¦ǎǳŀƭƭȅ лΦмƳƳ ǘƻ лΦнƳƳ ό п ǘƻ у ǘƘƻǳ ƛƴ Ψmurrican)

ÅtǊƛƴǘŜǊ άŘǊŀǿǎέ ŜŀŎƘ ƭŀȅŜǊ ƻƴ ǘƻǇ ƻŦ ǘƘŜ ǇǊŜǾƛƻǳǎ 
layer

ÅMany different types
ÅFDM ςFused Deposition Modeling (hot glue gun)
ÅSLA ςStereolithography (TVs and fancy goo)
ÅSLS ςSelective Laser Sintering (shoot laser at corn 

starchpowdered plastic)
ÅDMLS ςDirect Metal Laser Sintering (shoot laser at 

rocket fuel)
Å!ƴŘ Ƴŀƴȅ ƳƻǊŜΧ

ÅMost hobby printers are FDM, so I will focus on 
those
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NOT MAGIC

ÅImportant to note that printers are not magic

ÅJust like every other form of manufacturing, they have their pros and cons

ÅPros:
ÅCan create geometries that are not possible by traditional machining
ÅLǘΩǎ ŀƭƳƻǎǘ ƭƛƪŜ ŀ ǊŜǇƭƛŎŀǘƻǊ όǘƘŀǘ άŀƭƳƻǎǘέ ƛǎ ƛƳǇƻǊǘŀƴǘύ
Å[ƻǿ άƘŀƴŘǎ ƻƴέ ǘƛƳŜ όȅƻǳ ŀǊŜƴΩǘ ǊǳƴƴƛƴƎ ƛǘ ƭƛƪŜ ŀ ƭŀǘƘŜΣ Ŏŀƴ ƭŜŀǾŜ ƛǘ ŀƭƻƴŜύ
Å5ƻƴΩǘ ƴŜŜŘ ǘƻ ǿƻǊǊȅ ŀōƻǳǘ ƎŜǘǘƛƴƎ ŀ ǘƻƻƭ ƛƴǘƻ ǘƛƎƘǘ ǇƭŀŎŜǎ

ÅCons:
Å/ŀƴΩǘ ŎǊŜŀǘŜ ƎŜƻƳŜǘǊƛŜǎ ǘƘŀǘ Ŏŀƴ ōŜ ƳŀŘŜ ōȅ ǘǊŀŘƛǘƛƻƴŀƭ ƳŀŎƘƛƴƛƴƎ
ÅStill finicky to get working
ÅMaterial properties (for hobby printers) are horrible
ÅSurface finish is horrible
ÅSlow printing speeds -ά¸ƻǳ ŀǊŜ ŜȄǘǊǳŘƛƴƎ ȅƻǳǊ ǇŀǊǘ ǘƘǊƻǳƎƘ ŀ лΦпƳƳ ƴƻȊȊƭŜΤ ƛǘΩǎ ƎƻƛƴƎ ǘƻ ǘŀƪŜ 
ŀ ƭƻƴƎ ǘƛƳŜέΦ
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Design Considerations 

ÅNozzle Diameter
Å Larger nozzle, faster print (more stuff coming out)
ÅAlso have poorer quality (pen vs marker)

ÅLayer height
ÅSimilar to nozzle diameter (speed vs quality)
ÅControlled by software instead of hardware

ÅWall thickness
Å¦ǎǳŀƭƭȅ ǎŜǘ ƛƴ άǇŜǊƛƳŜǘŜǊǎέ ƻǊ άǎƘŜƭƭǎέ όƳǳƭǘƛǇƭŜǎ ƻŦ ƴƻȊȊƭŜ ŘƛŀƳŜǘŜǊύ
ÅDesign thin parts to be in multiples of nozzle diameter

ÅInfill
ÅtŀǊǘ άŘŜƴǎƛǘȅέ
Å5ƛŦŦŜǊŜƴǘ ǎǘȅƭŜǎ όƎǊƛŘΣ ƘŜȄΣ ǘǊƛŀƴƎƭŜΣ άǿŜƛǊŘ ǎǘǳŦŦέύ
ÅStrength not linear (50% infill stronger than 50% max strength)

ÅSupport
Å/ŀƴΩǘ ǇǊƛƴǘ ƛƴ ǘƘƛƴ ŀƛǊ όǿŜƭƭΧΦΣ ȅƻǳ Ŏŀƴ ōǳǘ LΩƳ ǎƛƳǇƭƛŦȅƛƴƎύ
ÅStructure that supports overhangs and is designed to break off
ÅHas very bad surface finish
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Geometry Tips

ÅOverhangs
ÅGenerally, there is a maximum overhang 

angle that can be printed (~450)
ÅUse angles instead of full horizontal to 

avoid support material
ÅWasted material ($)

ÅWasted time

ÅHoles (the horizontal kind)
Å{Ƴŀƭƭ ƘƻƭŜǎ ŀǊŜ ƎŜƴŜǊŀƭƭȅ ŦƛƴŜ όϤмκпέύ
Å[ŀǊƎŜǊ ƘƻƭŜǎ ǿƛƭƭ ƘŀǾŜ άǎŀƎέ
ÅTeardrop holes can help with this

ÅKeeps overhangs within 45o

Å!ǎǎǳƳŜǎ ȅƻǳ Ƨǳǎǘ ƴŜŜŘ ŀ άƘƻƭŜέ όƴƻǘ ǊƻǳƴŘύ

ÅCan use support for circular holes
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Threads

ÅMany standards, so I made my own 
(XKCD comic #927)
ÅRevolved 90o trapezoid
ÅTwo flavors:

ÅлΦмέ ǘƘǊŜŀŘ ǇƛǘŎƘ
ÅлΦмрέ ǘƘǊŜŀŘ ǇƛǘŎƘ
Å Any diameter you want

Å/ǊŜŀǘŜŘ ōȅ ƳŀƪƛƴƎ ŀ ǇǊƻŦƛƭŜΧ
ÅлΦмέ ǇƛǘŎƘ ǳǎŜǎ ŀ лΦлоέ ŘŜŜǇ Ŏǳǘ
ÅлΦмрέ ǇƛǘŎƘ ǳǎŜǎ ŀ ǘƻ лΦлсέ ŘŜŜǇ Ŏǳǘ

ÅΧǘƘŜƴ ǊŜǾƻƭǾƛƴƎ ƛǘ ŀǊƻǳƴŘ ŀ ƘŜƭƛȄ

ÅDiameter difference between internal 
and external threads varies with 
diameter and desired slop
ÅTest prints are required to determine the 

correct gap
ÅUsually in the 10 thou to 15 thou range
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Equal length 
constraint

Chamfer start and end of threads



Rocket Stuff!!!!1 (finally)

ÅNose cones

ÅBody Tubes

ÅMotor Mounts

ÅFins

ÅEtcΧΦΦ
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Nose Cones

ÅShape only limited by your 
/!5 ǎƪƛƭƭǎΧ
ÅConical 

ÅParabolic

ÅElliptical

ÅOgive

ÅVon Karman (equation driven 
curves are your friend)

ÅX-20 Dynasoar/ hammerhead / 
pumpkin / snowman / potato / 
etc.
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More Cones

ÅShoulder has multiple options
ÅPrint attached to nose and use 

support material
ÅGlue in coupler section
ÅUse internal lip to set length

ÅThread in coupler section
ÅGood for payload access

ÅBolts!
ÅGood for high power (unless you 

like #2-56 screws)
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Glue

Lip sets insertion depth

Support under here

Threads



EVEN MORE CONES

ÅRecovery attachment
ÅHole for eyebolt
ÅPlastic not as strong

ÅAdd reinforcement structure

ÅPrinted hard point

Å/ŀƴ άǇǊƛƴǘ ƛƴέ ƴƻǎŜ ǿŜƛƎƘǘ
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Body Tubes

ÅWHY!?!
ÅCustom diameter
ÅCustom thickness

Å ~30 thou for low power
Å ~60 thou for mid power
Å 60 thou or greater for high power

ÅNot limited to circular cross sections
ÅCould add reinforcement (ribs and stringers)

Å L ƘŀǾŜƴΩǘΣ ōǳǘ ƛǘ ƛǎ ǘƘŜƻǊŜǘƛŎŀƭƭȅ ǇƻǎǎƛōƭŜ

ÅAnd most importantly: Because I can

ÅSingle tube length is limited to printer height
ÅCan join multiple sections

ÅCan do weird stuff
ÅStrut interstages(Soyuz and Long March)
Å Fairings and cable tunnels

ÅGets stupid at large sizes
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Motor Mounts

ÅYou could print a tube and 
centering rings and glue them 
ǘƻƎŜǘƘŜǊΧΦ

ÅΧ ōǳǘǎ ǘƘŀǘΩǎ stupidnot optimal

ÅUse 45o or greater to avoid 
supports
Å/ŜƴǘŜǊƛƴƎ άŎƻƴŜǎέ ƛƴǎǘŜŀŘ ƻŦ 
ŎŜƴǘŜǊƛƴƎ άǊƛƴƎǎέ

Å¢ǊŀŘƛǘƛƻƴŀƭ άǘǳōŜǎέ ŀǊŜ ƴƻǘ 
needed, just enough material to:
ÅPrevent radial motion
ÅPrevent axial motion

ÅThreaded motor retainers are 
easy to add
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Fin Cross Sections

Å.ŀōȅΩǎ ŦƛǊǎǘ Ŧƛƴ
ÅRectangular extrusion
ÅSimple
ÅLots of drag

ÅLook mom, I made an airfoil
ÅUse chamfers to taper fin
ÅUse fillets to round edges

ÅBiconvex
ÅScale profile (WAC Corporal, Aerobee, 

etc)
Å[ƻŦǘ ǘƻƻƭ Ŏŀƴ ōŜ άŦǳƴέ

ÅOther types, but these are what I 
have used

ÅNote: Plastic not as strong
ÅMake fins thicker to compensate
ÅAirfoil can help reduce drag
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Fin Attachment

ÅIntegrated
ÅBest on small models
ÅFillets can be printed in

ÅGlue-on fin can
ÅFin span limited by printer bed 

size

ÅBolt on
ÅCan have much larger fin spans
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Joining Methods
ÅGlue

Å¦ǎŜ ŀ άǇǊƛƴǘŜŘ ƛƴέ ŎƻǳǇƭŜǊ
ÅCA and epoxy work for PETG

ÅFasteners
Å #4-40 for mid power
Å #6-32 for L1
ÅHeat-Set Inserts

Å https://www.mcmaster.com/93365a132

ÅάCŀƛǊƛƴƎǎέ ŦƻǊ ŎƻǳƴǘŜǊǎǳƴƪ ǎŎǊŜǿǎ

ÅThreads
ÅNose cones
ÅBody tubes
ÅMotor retainers

Å JankTape
ÅUsed when you want to:

Å *Eventually* use glue to hold it together
Å Also be able to take it apart

ÅGreat for temporary joints in development
Å I use aluminum tape from the hardware store

Å It looks cool
Å I had it already
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Countersink for screw

Temporary tape joint

https://www.mcmaster.com/93365a132


Launch

ÅLaunch Lugs
ÅPrinted onto body tube
ÅCould print separate glue/bolt 

on versions
ÅMake ID larger than rod size
ÅI use 15 thou for 1/8th inch rod
ÅYour printer may vary

ÅRail Buttons
ÅI use two-piece to avoid support 

material
ÅCan also print on like launch lug
ÅTolerance found by trial and 

error
ÅBolts to internal structure
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Recovery

ÅSmall Rockets
ÅtǊƛƴǘ ŀ άƭŀǳƴŎƘ ƭǳƎέ ƻƴ ǘƘŜ ƛƴǎƛŘŜ
ÅTie shock cord to it
ÅAdd fillets to avoid cutting

ÅBig Rockets
ÅAdd hard points to structure
ÅCan be part of motor mount
ÅCan be separate pieces

ÅCan also print PML style recovery 
pistons
ÅNo wadding required
ÅNot recommended for small models
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Piston

Recovery hardpoint
(bolted to airframe)



Misc

ÅAltimeter sleds
ÅCan print custom mounting for 

your electronics and battery
ÅHeat-Set inserts are handy here

ÅPrint guides into the side of the 
payload bay to hold sled
ÅMany other methods

ÅCamera fairings
ÅL ƘŀǾŜƴΩǘ ƳŀŘŜ ƻƴŜ όŜƭŜŎǘǊƛŎŀƭ ǘŀǇŜ 

for the win)
ÅOthers have made them, lots of 

pictures online
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High Power Considerations

ÅHand calcs and/or FEA is basically required
Å Forces and energies involved start to get real
ÅMaterial is at 1 to 2 ksiafter safety factors and printing factors are added

ÅCheck flutter
Å https://www.apogeerockets.com/education/downloads/Newsletter291.pdf
Å Shear modulus is hard to find
ÅBased on flight data, it is at least 23.4 ksi(for PETG, on my printer [450 mph flight])

ÅSome people have used motor mounts with no thermal liners (and they worked)
ÅLΩǾŜ ōŜŜƴ ŀŘŘƛƴƎ ŀ ǘǳōŜ ŦƻǊ ǘƘŜǊƳŀƭ ǳƴǘƛƭ L Ŏŀƴ Řƻ ŀ ǎǘŀǘƛŎ ǘŜǎǘ ǘƻ ƳŜŀǎǳǊŜ ŎŀǎŜ ǘŜƳǇŜǊŀǘǳǊŜ
Å Thick motor mounts add thermal mass (which helps with heating)

ÅAero heating is unknown
ÅaƻŘŜƭ wƻŎƪŜǘŜŜǊǎΥ άȅƻǳ ǿƛƭƭ ƳŜƭǘ ƻǾŜǊ machмέ
Å!ŜǊƻŘȅƴŀƳƛŎƛǎǘǎΥ άƎƻƻŘ ƭǳŎƪ ŦƛƴŘƛƴƎ ǊŜŦŜǊŜƴŎŜǎΣ ƴƻōƻŘȅ ŎŀǊŜǎ ǳƴŘŜǊ machнέ
Å Truth probably somewhere in the middle, need experiments to find the limits (carefully)
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Printing

ÅMaterials
Å5ƻƴΩǘ ǳǎŜ t[!
ÅPETG is great

ÅDirection
ÅSome parts can be printed without 

support
ÅWill be unavoidable on some parts
ÅTreat the layers like wood grain
ÅThe layer bonds are usually weaker
ÅAvoid having layers parallel to airflow

ÅRafts
ÅUse for parts with low-contact area
ÅCan help tall parts from tipping over
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Flying and Finishing

ÅAvoid dark colors
ÅThey will absorb sunlight and heat the model
ÅMostly a PLA problem (PLA will slump in the sun)

ÅPaint (if you want)
ÅLΩǾŜ ƘŀŘ ƎƻƻŘ ƭǳŎƪ ǿƛǘƘ ǿŜǘ ǎŀƴŘƛƴƎ ŀƴŘ ǎǇǊŀȅ 

paint/primer for plastic
ÅMultiple primer and wet sanding steps can help fill 

print imperfections

ÅALL THE WADDING
ÅLΩǾŜ ƴƻǘƛŎŜŘ ǘƘŀǘ L ƴŜŜŘ ǘƻ ǳǎŜ ƳƻǊŜ ǘƘŀƴ ƴƻǊƳŀƭ 

amounts of wadding to stop printed tubes from 
melting
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Conclusions

ÅMake test pieces

Å5ƻƴΩǘ ōŜ ŀŦǊŀƛŘ ǘƻ ŜȄǇŜǊƛƳŜƴǘ

Å5ƻƴΩǘ ǇǊƛƴǘ ƛŦ ȅƻǳ ŀǊŜ ƻǇǘƛƳƛȊƛƴƎ ŦƻǊ 
maximum performance
ÅNot as strong
ÅNot a light
Å.ǳǘΧΦ

ÅRULE OF COOL
ÅI optimize for combination of cost, lazy 

and stupid
ÅHaving fun is important (otherwise what 

is the point?)
Å5ƻ ǿƘŀǘ ȅƻǳ ŜƴƧƻȅ όǿƛǘƘƛƴ ǊŜŀǎƻƴΣ ŘƻƴΩǘ 

be that guy)
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Example Rocket 
όƛǘΩǎ ƻǾŜǊ мнл ǎƭƛŘŜǎΣ LΩƳ ƴƻǘ ǘŀƭƪƛƴƎ ŀōƻǳǘ ƛǘύ
ÅStep-by-step unintelligible brain vomit of how I CAD
Å18mm Motors
ÅEstes Alpha-ish(have fun with those fins [use a raft])
ÅThreaded fin can stolen from Peanut 

(https://www.thingiverse.com/thing:2854353)
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Make a new part
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Save it as something
όLǘ ǿƛƭƭ ōŜ ŀ άƳŀǎǘŜǊέ ŦƛƭŜ ώǎǘƻƭŜƴ ŦǊƻƳ ¢Ƙƛǎ hƭŘ ¢ƻƴȅΥ 
https://www.youtube.com/watch?v=LrPggPn5BB0])
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Create a sketch and draw 
the outside shape of the 
rocket. This is the Outer 
Mold Line, or OML
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The motor is retained by the 
base, so it tapers down to near 
the motor diameter (it also 
looks cool and reduces drag)
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Round the nose to avoid 
poking your eye out
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Done! You can rename the sketch 
to something informative (it helps 
when there are lots of sketches)
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Create a new sketch and draw the 
outside of the motor. Leave a gap 
at the bottom so the retaining 
feature can be added later.
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Done
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This sketch is the inside 
profile of the Body Tube. 
¢Ƙƛǎ ǇƻǊǘƛƻƴ ƛǎ ǘƘŜ άǘƘǊǳǎǘ 
ōƭƻŎƪέ ǘƘŀǘ ƘƻƭŘǎ ǘƘŜ ƳƻǘƻǊ 
and takes the thrust loads.

Future external threads 
for joining to Fin Can

Separation line between 
Fin Can and Body Tube

Wall thickness
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Done
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Draw the Fin Can 
internal profile next. 
This is the lower motor 
retention feature.
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Upper portion of 
the Fin Can, with 
threads for joining 
with the Body Tube
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Done
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Sketches are starting 
ǘƻ ǇƛƭŜ ǳǇΧΧΦ

39



Nose internal profile is next
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Separation line between 
Nose Cone and Body Tube

This lip will set the nose 
shoulder insertion distance
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Done
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LǘΩǎ ǘƘŜ bƻǎŜ {ƘƻǳƭŘŜǊΦ L ƻƴƭȅ ŘǊŜǿ 
the outer profile to demonstrate 
ǘƘŜ ά¢Ƙƛƴ wŜǾƻƭǾŜέ ŦŜŀǘǳǊŜ ƭŀǘŜǊΦ
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