The Application of Additive
Manufacturing in the Field of
Model Rocketry

or

How | learned to build really heavy rockets with a fancy hot
glue gun
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APrinter background

AGeneral design considerations

ARocket specific considerations (aka, why you are here)
AExample Rocket



Disclaimer!

Al am not a 3D printer guy,
just a guy who 3D prints
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How do work?

FDM
A All work using layers o ] ]
Ao5 Y2RStf Aa aatAOSRE¢ Aydaz ftFe@SNARA 2F | ALISOATFTAO
thickness
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layer (UV resin)
A Many different types
A FDMc Fused Deposition Modeling (hot glue gun) .
A SLAc Stereolithography (TVs and fancy goo) a ¢ £
A SLK Selective Laser Sintering (shoot lasese
starchpowdered plastic)
A DML Direct Metal Laser Sintering (shoot laser at
rocket fuel) A
AlYR YlIyeée Y2NBX Laser
A Most hobby printers are FDM, so | will focus on
those Powder

SLS / DMLE




NOT MAGIC

Almportant to note that printers are not magic

AJust like every other form of manufacturing, they have their pros and cons
APros:

A Can create geometries that are not possible by traditional machining
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A Still finicky to get working
A Material properties (for hobby printers) are horrible
A Surface finish is horrible

ASIow prlntln speedst ., 2dz F NB SEUGNHZRAY 3 @2dzNJ LI NI G KNP
| 2y GAYSED



Thick layers

Design Considerations /
Thin layersF——" . '
A Nozzle Diameter

A Larger nozzle, faster print (more stuff coming out)
A Also have poorer quality (pen vs marker)

A Layer height Wall 4
A Similar to nozzle diameter (speed vs quality) perimeters
A Controlled by software instead of hardware thick

A Wall thickness
Alada tte aSid Ay GLSNAYSGSNBE 2N aak
A Design thin parts to be in multiples of nozzle diameter

A Infill o :
At NI aRSyardsa:é 15% Iniil 75% Infil
ASATFSNBYy(l adetsSa 603INART KSEX OONAIFYy3IEtST a6SANR addzFFéo
A Strength not linear (50% infill stronger than 50% max strength)

A Support
AlTlLyQld LINAYyG Ay GKAY AN 66StfXpx @&
A Structure that supports overhangs and is designed to break off
A Has very bad surface finish

d4 Removable supporta 7

/

Overhang

Build Plate




Geometry Tips J S
X

AOverhangs
A Generally, there is a maximum overhang
angle that can be printed (~4b6

A Use angles instead of full horizontal to
avoid support material
A Wasted material ($)
A Wasted time

AHoles (the horizontal kind) / n
A{YIFIHfft K2ftSa I NB SYSNIrftte 7 S _AdMKnED

A[ F NBASNJ K2f Sq—gAtt—K1@S G 3| T
A Teardrop holes can help with thi

A Keeps overhangs within 25
Al aadzySa e2dz 2dzad ySSR
A Can use support for circular holes
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Threads

Equal length
constraint

A Many standards, so | made my own
(XKCD comic #927)
A Revolved 99trapezoid
A Two flavors:
Anomeé GKNBIFR LIAGOK
Anompé OGKNBIFIR LIAGO
A Any diameter you want
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Anomé LIAGOK dzasa | non|
Anompé LIAGOK dzéy{{
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A Diameter difference between internal
and external threads varies with
diameter and desired slop

A Test prints are required to determine the
correct gap

A Usually in the 10 thou to 15 thou ran

Chamfer start and end of threa




Rocket Stuff!!!l!l (finally)

ANose cones
ABody Tubes
AMotor Mounts
AFins

AEtcX © @




Nose Cones

AShape only limited by your
[ '5 alAtfttaxX
AConical
AParabolic
AElliptical
AOgive
AVon Karman (equation driven
curves are your friend)

AX-20 Dynasoay hammerhead /
pumpkin / snowman / potato /
etc.
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Lip sets insertion dept

More Cones

Glue

AShoulder has multiple options

A Print attached to nose and use
support material

A Glue in coupler section
A Use internal lip to set length
A Thread in coupler section

AR git(;ood for payload access Support under here

A Good for high power (unless yo
like #256 screws)

Threads /

11




EVEN MORE CONE:

ARecovery attachment

AHole for eyebolt
A Plastic not as strong
A Add reinforcement structure

APrinted hard point
Al Yy GLINAYO AYE
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Body Tubes

A WHY!?!

A Custom diameter
A Custom thickness

A ~30 thou for low power

A ~60 thou for mid power

A 60 thou or greater for high power
A Not limited to circular cross sections
A Could add reinforcement (ribs and stringers)

AL KIFEgSyQiszs odzi A0 Aa GKS2NBGA
A And most importantlyBecause | can

A Single tube length is limited to printer height

A Can join multiple sections

A Can do weird stuff
A StrutinterstageSoyuz and Long Marcl
A Fairings and cable tunnels

A Gets stupid at large sizes & ’
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Motor Mounts

A You could print a tube and
centering rings and glue them
UZ23ISUKSNXOD

AX 0 dzil Estugidiadt aptnial
A Use 48 or greater to avoid
sug\apoArts o . X
I JSNAY3I aO2yS.
68V UENAYI ENAYS
ACNF RAGAZ2YIFT aid
needed, just enough material to:

A Prevent radial motion
A Prevent axial motion

A Threaded motor retainers are
easy to add




Fin Cross Sectio

A.oéeQa TANBRG 7T
A Rectangular extrusion
A Simple
A Lots of drag

A Look mom, | made an airfoil
A Use chamfers to taper fin
A Use fillets to round edges

A Biconvex

A Stcz)slle profile (WAC Corporakrobee
etc

Al 2F0 G22f OFly oS

A Other types, but these are what |
have used

A Note: Plastic not as strong
A Make fins thicker to compensate
A Airfoil can help reduce drag




Fin Attachment

A Integrated
A Best on small models
A Fillets can be printed in

A Glueon fin can

A Fin span limited by printer bec
size

A Bolt on
A Can have much larger fin spans
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Countersink for screv+

Joining Methods

A Glue
Al'aS | GLINAYUSR Ayt
A CA and epoxy work for PETG

A Fasteners
A #4-40 for mid power

A #6-32 for L1

A HeatSet Inserts
A https://www.mcmaster.com/93365§132 o 5
AaCHANRYI&E F2NRO2dzy i SNEdzyl 4&O!

A Threads
A Nose cones
A Body tubes
A Motor retainers

A JankTape

A Used when you want to:
A *Eventually* use glue to hold it together
A Also be able to take it apart

A Great for temporary joints in development

A 1 use aluminum tape from the hardware store
A It looks cool
A 1 had it already

Temporary tape joint
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Launch

ALaunch Lugs
A Printed onto body tube

A Could print separate glue/bolt
on versions

A Make ID larger than rod size
A I use 15 thou for 1/8 inch rod
A Your printer may vary

ARail Buttons

Al use twopiece to avoid support
material

A Can also print on like launch lug

A Tolerance found by trial ar
error

A Bolts to internal structure




Recovery

ASmall Rockets
At NAY G | &t I dzy €
A Tie shock cord to it
A Add fillets to avoid cutting—

ABig Rockets

A Add hard points to structure
A Can be part of motor mount
A Can be separate pieces

ACan also print PML style recove _
pistons
A No wadding required
A Not recommended for small mode

Piston

Recovery hardpoin
(bolted to airframe) 19




Misc

AAltimeter sleds -
4 =

ACan print custom mounting for
your electronics and battery ~__— j

A HeatSet inserts are handy here / "
APrint guides into the side of th
payload bay to hold sled
AMany other methods

ACamera fairings
AL KIF @Sy Qi YIRS 2vy¢
for the win)

AOthers have made them, lots of
pictures online

20
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High Power Considerations

A Hand calcs and/or FEA is basically required
A Forces and energies involved start to get real
A Material is at 1 to Xsiafter safety factors and printing factors are added

A Check flutter
A https://www.apogeerockets.com/education/downloads/Newsletter291.pdf
A Shear modulus is hard to find
A Based on flight data, it is at least 2%si(for PETG, on my printer [450 mph flight])

A Some people have used motor mounts with no thermal liners (and they worked)
ALQ@OS 0SSY FTRRAY3I I (dzoS F2NJ GKSNXIf dzydAf L OFy R2 | adl aa
A Thick motor mounts add thermal mass (which helps with heating)

A Aero heating is unknown
Aa2RSt w201SGOSSNEMachm&2dz gAft YStd 2@S!
Al SNPReylFIYAOAA0AY a322R f dzO|l machaRAY 3 |
A Truth probably somewhere in the middle, need experiments to find the limits (caref
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Printing

AMaterials )
A52y Qi dzas t [
APETG is great

ADirection

A Some parts can be printed without
support

Avoidable Unavoidable

A Will be unavoidable on some parts

A Treat the layers like wood grain
A The layer bonds are usually weaker
A Avoid having layers parallel to airflow

ARafts

A Use for parts with lowcontact area
A Can help tall parts from tipping over

22



Flying and Finishing

AAvoid dark colors

AThey will absorb sunlight and heat the model
AMostly a PLA problem (PLA will slump in the sun

APaint (if you want)
ALQOUS KIFIR 3J22R fdz01 6A 0
paint/primer for plastic

AMultiple primer and wet sanding steps can help f
print imperfections

AALL THE WADDING

ALQ@OS y2GA0OSR UKFG L yS

amounts of wadding to stop printed tubes from
melting

RAY 3

Y 2 N
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Conclusions

AMake test pieces

A52y Qi 0S I FTNI AR SO
As2y Qi LINAyG AT &2 @URIRRLEI JGAYAT Ay 3 F2I
maximum performance ™ - -

A Not as strong
A Not a light
A. dzi X @

ARULE OF COOL

A1 optimize for combination of cost, lazy
and stupid

A Having fun is important (otherwise what
Is the point?) A

A52 gKI (G e2dz Syeazeée o6
bethat guy)




Example Rocket
OAUGQa 20SNJ MH N

AStepby-step unintelligible brain vomit of how | CAD

A18mm Motors
AEstes Alphdsh (have fun with those fins [use a raft])

AThreaded fin can stolen from Peanut
(https://www.thingiverse.com/thing:2854353)
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Rl soLioworks

New SolidWorks Documen

Templates

@

Assembly

Drawing

Preview

Select a document template.

earch Commands




U SoLIDWORKS  File Edit View Insert Tools Window Help 9| O-c '@Elé ) | B 5 E - Part1 | B search commands O R =
E 0 \ - @ M N - Mirror Entities & y @
Sketch  Smart Trim  Conwvert LTI Display/Delete Y| Quick "
Dimension a0 - A Entiies  Entites O ==t 82§ Linear Sketch Pattern : Relations  oPall Snaps k]
Entities ... Sketch Sketch
- - - & -_1 * - g Move Entities .

Features | Sketch | Evaluate | DimXpert | Office Products | L % BB (- 60 @ - B - .
%Sk ¢e® > .
- |
(% ) a
% Partl (Default<<Default>_Disg -

B Save As \ﬁ]
@ - v| » Computer » Disk of Holding (G:) » Rockets » Galactic Rocketry » Example Rocket =]
= Material <not specified> b . P gt L P
& Front Plane 0 . New fold == ﬁ -
Top Plane rganize ew folder = e
Right Plane 3 Documents a Mame Date modified Type Size [f
1. Origin J‘ Music
&) Pictures No iterns match your search.
B videos
ﬂa- Homegroup
18 Computer
&, Local Disk (C) |
&4 CD Drive (E)
—a Disk of Holding I
r ‘i Metwork
j JEE cAKATRAACLTRE T
File name:  Example Rocket - MASTER] -
Save as type: [Par‘t (*.prt;*.sldprt) -
Description: Add a descript]
[ Save ] [ Cancel
LG oAttt 0S | aYlFAUGSNE| FA{S wadz2tSy FTNRY C¢KAA
. f—
https://www.youtube.com/watch?v=LrPggPn5BBQ|)
4| n | M *Trimetric
0] Model [Mofion Studyd ]
SolidWorks Premium 2012 w64 Edition

Editing Part ps - [7]



B[l soLIDwoRrks | Fie Edt View Inert Toos Window Heb ] | O-2-B-%-9 - B &5 El - Sketch 1 of Example Rocket - MASTER SLOPRT = [ B search commands D42 - =B R

e . & N-@-nJ- ﬂf @ I Mirror Entities . ﬂﬁ +‘7 I@
st omeon | 1+ @+ @ = | i, St Offet 555 s scttiom | DS g | O | st
- - - & ﬁ A - - \'I:| Move Entities - - -

Features | Sketch | Evaluate | DimxXpert | Office Products | A EWME- F- 6o - - = B 3% |
|@§E PNy N R.06 |
R —— X '
§ Example Rocket - MASTER (De By i

@ Sensors \ﬁ]

; I_\A_/ Annotations =

Material <not specified
Fro;tP\a:e o ’
Top Plane 2
Right Plane
: Org‘s‘tn 8 5.00 e
P Sketchl
Create a sketch and draw
the outside shape of the "
rocket. This is the Outer
Mold Line, or OML
j L
|
7.00
W | &
275
n 50
¥
L. e
% .80
R — 1.00

4| 1 | *Front
[T TP Model [ Mofion Study 1]

S:li:w:rk: Pramiuzllﬂllt:ﬁzréditmn 1423in  -57in  Oin  Fully Defined  Editing Sketchl 8 Ps - [7]

28



B[l soLIDwoRrks jj Fle Edt Vew nsert Took window Hep ©|[0- 3 -[-%-9 -[51-]8 5 & -

Sketch1 of Example Rocket - MASTER.SLDPRT = | Search Commands ;o v| P - - BP R

? o N-@ - % | 5 I Mirror Entities s + E

B oo, - - @ - A i, S o B nersewnven - PRDS por | 85| s
S S - ® ﬁ - % S = \'I:| Move Entities - S S
Features | Sketch | Evaluate | DimxXpert | Office Products | L% W (F-6r- O 2B = BB 38
(T —————
5% Example Rocket - MASTER (De
@ Sensors
. I_\A_/Annotat\oﬂs
Material <not specified> . .
Fonrane The motor is retained by the " m
Right Plane -
base, so it tapers down to near
E Sketchl . . 2.75
the motor diameter (it also
looks cool and reduces drag)
.50
§J En *
| |
B
B
+
T 80
1.00
Y
L.
{; Tl le:“ odsi [ToToTSiaT
478n  -143%in Oin  Fully Defined  Editing Sketchl 8 ps - [3

SolidWorks Premium 2012 x4 Edition

29



B[l soLIDwoRrks jj Fle Edt Vew nsert Took window Hep ©|[0- 3 -[-%-9 -] B 5 & -

Sketch 1 of Example Rocket - MASTER SLOPRT = | M search commands D42 - o 2 22
e 0 \ - @ e N - E'E @ ﬂ & Mirror Entities +‘7 I@ @
Exit Smart Trim  Convert LTI Display/Delete | Qui =
Sketch | Dimension [~ @ M A Entities Entities ;F;?JEE; aaa Er=reEmnEED M Relations gfgﬂ aps SR;';';
e - - & ﬁ A - > g Move Entities - > -
Features | Sketch | Evaluate | DimxXpert | Office Products | QU SME P-oo- O R-E-
(G
\

= BB
§ Example Rocket - MASTER (De
{E Sensors
Annotations
= Material <not specified=>
Q Frent Plane
> Top Plane
%y Right Plane
I.. Origin
- Sketchl

)RR

Round the nose to avoid

poking your eye out
R.06
-
L e
H >
H
Y
L.
4 n | M| *Front
[ETT00] Model [ Wiolon SuiT ]
SolidWorks Premium 2012 x64 Edition 0.45in -013in  Oin  Fully Defined

Editing Sketchl 8 PS

- 3

30



B[l soLIDwoRrks | Fie Edt View Inert Toos Window Heb ] | O-2-B-%-9 - B &5 El - Example Rocket - MASTER, SLDPRT * [ B search commands D42 - =B R

E 0 \ - @ - f\J hd E- @ £\, Mirror Entities s I@
Sketch  Smart Trim  Convert ?  aaa . Display/Delete F | Quick =
Dimension E C R @ M A Entities Entities Oﬁ.:s.El aaa Linear Sketch Pattern Relations B Snaps apid
- Entities ... Sketch Sketch
- - - & - ok - g Move Entities g

Features | Sketch | Evaluate | Dimxpert | Office Products

[ LASWEB- F-oo- @ R-H- 0@ &%
(3 )
% EBxample Rocket - MASTER (De

@ Sensors
I_\A_/ Annotations

Material <not specified>

Front Plane
Top Plane
Right Plane
Origin

e Done! You can rename the sketch
"~ to something informative (it helps
when there are lots of sketches)

)RR

Nasaf

A

1. ]

4| n | | *Front
W[ _Model [ Mofion Study 1 T
SolidWorks Premium 2012 x64 Edition

Editing Part Ps - [7]

31



G SOLIDWORKS |y Fie Edit Vien Insert Tools Window Hep @ [0 - ¥ - ful - 5 - 9 -[5]-] 8 5 & - e Sketch? of Example Rocket - MASTER SLDPRT =

|Search Commands ) v| P - = BP 22
g sot NG -pd- _?E cﬁt I Mirror Entities . |ﬂ‘.~£D|te + ngdi
X1 mar - - - Irim OnNVer o ::: inear attern p Isplay/Lele apair Ll i
Ske'td'w Dlme'nslon , g ?—;,% Enh'hes Emihes ?wfgfie; :: ;OVEET:;:P = i Rala'tlnns ;\keh:h Sn'aps Ske%ddw
Features | Sketch | Evaluate | DimXpert | Office Products | QN SWE - o0-0 2 = .
eERE® > .
[ ———— !
%y Example Rocket - MASTER (De at
{E Sensors hﬁ]
@ Annctations o
;@:\ r:z;etr:la::ot specified=
%y Top Plane [ ] 2
%y Right Plane - =
I_, Origin
-2 oML
2 sketch2
j m 275
| 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.
LY *
' L
06
H
K 71—
L.
Ll '| *Front
([P Model [ Mation Study T ]
El:it‘sk:tc: 3.06in  -1332in 0in  Fully Defined  Editing Sketch2 Ps - [7]

32



i soLipworks jj Fie Edt View inset Toos Window Hep QlD B-H-2-9- K]0 &5 E- e Example Rocket - MASTER, SLOPRT
=4 & N-@-p-iB -3 i} L\ Mirror Entites (% @
Sketch  Smart Tri Ci t mam Displ lete - jick =
oSt [E1 e @ A T, SO oo 1 i sctnpatn | PRI g | 0|
ntities -, -
- - - & ﬁ - E = - g Move Entities -
Features | Sketch | Evaluate | DimXpert I Office Products I
dEIRSS >
G )
% Example Rocket - MASTER (De
i Sensors
Annotations
Material <not specified=
Front Plane

Search Commands p v] P - o BP &

QAANHE P R BE-&x

Done

[E—T—
T 0 Model [ Wotion Study1 ]

SolidWorks Premium 2012 w64 Edition




@SOUDWDRKS i Fle Edit View Insert Tools Window Help & | D - L'}} - [EI A== &) - % v| B |ﬁ =l ~ Q Sketch3 of Example Rocket - MASTER.SLDPRT = |Sea|ch Commands e v| ? - o B 2R

\ Wall thickness

Separation line between

/ Fin Can and Body Tube

r o : & N-@-pd- =3 5 L\ Wirror Entites + ® B
Exit Smart . Trim  Conver! t oaa Display/Delete .| Quick n
Sketch | Dimension B-a- 8- A Entities Entities ;F;?JEE; HHH E=re s ma = M Relations EEE;"; Snaps SR;';';

e - & ﬁ A - > g Move Entities > -

Features | Sketch | Evaluate | DimxXpert | Office Products |

[0 oeP R

#% Example Rocket - MASTER (De
lz] Sensors

I-A_/ Annotations

-§= Material <not specified>
Q Front Plane

Q Top Plane
% Right Plane E———
. Origin
-2 oML
e Motor

B Sketch3

This sketch is the inside
profile of the Body Tube.

¢CKAA LIR2NIAZ2Y| Aal
of 201€¢ OUKIO |K2f Ra
and takes the thrust loads.
30
Future external threads
03 . e . .
for joining to Fin Can
||
Lx T | 03
{; Tl le:“ Model [Tiotion s:udv:: rcT1|
SolidWorks Premium 2012 x64 Edition 1.2in -11.48in Oin Fully Defined Editing Sketch3 8 PSS - |Z|

34




G0 SOLIDWORKS || Fle Edt View Insert Toos Window Heb Qllj B-H-2-9- K]0 &5 E- e Example Rocket - MASTER, SLOPRT (BB search Commands PR -8R
=4 & N-@-pJ- -3 i} L\ Mirror Entites 4 ' @

Sketch  Smart [ oo @ . A' E'_|'rim Convert % 228 o cketch Pattern . | Display/Delet= Repair | SQr:Jaid;I Rapid
it sketch | ™75 | Skatch

Dimension ntities  Entities = mE Relations
> - - & ﬁ - E = > g Move Entities - & -

Features | Sketch | Evaluate | DimXpert | OmceProductsl QAYWME-P-60-@ £- Ea- = P 2
SERee » '

¢
% Example Rocket - MASTER (De
| Sensors

Annotations

§E Material <not specified=
& Front Plane

Top Plane

& Right Plane

iy Origin

-2 oML

E Motor

-2 BODY TUBE

Done

A

==

4 1 | *Front

_I Model [ Motion Study T T

SolidWorks Premium 2012 y64 Edition s - [7] &




BQSOUWORKS | EeasEdbVews eertiookimWndonisticn Q‘ L s H 5 é A SR B a [ ke ‘i_’ Sketch4 of Example Rocket - MASTER.SLDPRT = SearChCOmmands Q v] P - =B R
e o \N-@-p-E oF '} 3 L\ Mirror Entities ! * ®

Exit Smart . 2 . A Trim  Convert @oa Dlspla?/;f)elete 5 Quick =
Sketch Dimension | B-&a-0-4A Entities Entities Eonffsets 228 Linear Sketch Pattern “|  Relations F;E:f" | Snaps | sp‘kiﬂ

tities .. ch
- @ 7\ v ¥ v v s g Move Entities > -
Features | Sketch | Evaluate | DimXpert | Office Products

PR Example Rocket - MASTER ...

Qa s n@ @ -

OOose X

Dimension
4

e s [0
Style A
od X A 1
<NONE> p|
Tolerance/Precision A
a1
150, |None M
01
x| 12 (Document) v
Primary Value A
D5@Sketchd ]
7, |0.015n 2 i
= - VX827

xXX) X+ (XX X

[<Div>

Draw the Fin Can
internal profile next.
This is the lower motor

L T [More... f
. -
. Dual Di v
| . retention feature.
i -]
: —— ~—~—— 03
|
|
i
|
Y i
L. |
|
X i
!
*Front !
| Model [ Wotion il
Set the properties of the selected dimensions or select one or more entities and then a text location to create a new dimens... 074in  -1436in Oin  Fully Defined Editing Sketch4 8 PSuue. 2 @

36



B[l soLIDwoRrks jj Fie Edt Vien Insert Toos Window Hep QlD S E-E-2-9-5 -8 5 E - e Sketch4 of Example Rocket - MASTER.SLDPRT =

e & \ -@ - N E'E @ & Mirror Entities Q‘t +‘7 I@
Exit Smart Trim  Convert oaa Display/Delete .| Quick =
Sketch | Dimension CI-a- @ M A Entities  Entities OFfS.Et 223 Linear Sketch Pattern M Relations e Snaps Rapid
Entities .. Sketch Sketch
e e - & ﬁ A - > g Move Entities -

Features | Sketch | Evaluate | DimxXpert | Office Products |

|Search Commands }_/ '| P - o BP &

[0 oeP R

§ Example Rocket - MASTER (De
{E Sensors
Annotations

3= Material <not specified>
Q Front Plane
> Top Plane

%y Right Plane
I.. Origin

-2 oML
e Maotor L

-l BODY TUBE '
B Sketchd h

- Upper portion of

\ the Fin Can, with
threads for joining
with the Body Tube

A

=

*Front

0] Model [Mofion StudyT ]

Select one or two edges/vertices and then a text location.

4 »

103in  -117in  Oin  Fully Defined  Editing Sketch4 8 rs - [3]

37



G0 SOLIDWORKS || Fle Edt View Insert Toos Window Heb Qlljv@vv%.ﬂgv. i B -

Example Rocket - MASTER.SLDPRT *

Search Commands

04 2- B8 %

E & N-O-n- -2

Sketch  Smart ) Trim  Convert
Dimension | El- - @ M A' Entities Entities ifgze;

. . e-0 % . .

T\
Lty Mirror Entities » 'y

mma DisDIaWDelete
a8a Linear Sketch Pattern s

\'I:| Move Entities - =

Features | Sketch | Evaluate | DimxXpert | Office Products |
S ERee »

T )
%y Example Rocket - MASTER (De

Sensors

Annotations
Material <not specified=

> Front Plane
> Top Plane
&%z Right Plane
3, Origin
-2 oML

E Motor

- BODY TUBE
- Sketchd

=

4 [ vl *Front

Qo mdE

Done

@-oo- @ B-B-

[ O = R

T 1| Model [ Wofion Study 1

SolidWorks Premium 2012 w64 Edition

Editing Part




w 9|02 8- 29 @8SE

e Example Rocket - MASTER. SLOPRT

| Search Commands

D72 - o B R

B[l soLIDwoRrks | Fie Edit View Inset Tools Window
Sketch  Smart Trim  Convert
Dimension El- - @ M A Entities Entities ;fgze;s

. . e-0 % .

iy Mirror Entities S I@ @
EEE Linear Sketch Pattern - DIS'E:;;E:EE Repair SQ#;d; Rapid
5 oo Enis sketch | *"P% | sgetch
g Move Entities d . -

Features | Sketch | Evaluate | DimXpert | Office Products |

e ERle® >
|

%y Example Rocket - MASTER (De

@ Sensors

Annotations

3= Material <not specified>
& Front Plane

Q Top Plane

R Raepen Sketches are startin

T

=

£ G2 LAES dIIXXo

QAYHME- F-60- @ -

1

[ O = R

4| ] | M| *Front

0] Model [Mofion Studyd ]

SolidWorks Premium 2012 w64 Edition




B[l soLIDwoRrks jj Fle Edt Vew Insert Took Window Heb 90-2-W-%-9 -[51-]8 5 & -

Sketch5 of Example Rocket - MASTER.SLDPRT =

| Search Commands

7o)

- ? - o B R

e 0 \ T @ M N M E'E @ & Mirror Entities

Exit Smart Trim  Convert mma
Sketch | Dimension C-a-8-A Entiies  Entities ;'EEE; 828 Linear Sketch Pattern

- - - & ﬁ A - - \'I:| Move Entities

. Display/Deletz

y B

| Quick E
Repair Rapid
Relations e Snaps he

Features | Sketch | Evaluate | DimXpert | Office Products |

eERle® >
@

#% EBxample Rocket - MASTER (De
@ Sensors

Annotations

§E Material <not specified=
& Front Plane

Q Top Plane

& Right Plane

iy Origin

-2 oML
e Motor

- BODY TUBE
- FIN CAN

B Sketchs

Nose internal profile is ne>+t

A

==

I F—T— *| *Front

Q Qs m@ B o

45.00°

-

[ O = R

W4+ 0| Model [ Motion Study 1]

SolidWorks Premium 2012 w64 Edition

0.74in

-041in  Oin

Fully Defined

Editing Sketchs 8

1PS




B[l soLIDwoRrks | Fie Edt View Inert Toos Window Heb ] | O-2-B-%-9 - B &5 El - e SketchS of Example Rocket - MASTER SLOPRT = [ B search commands D42 - =B R
e | o N-@-nd- ﬂf @ L\ wiror Entities ﬂﬁ + I@

Exit Smart Trim  Convert mma Display/Deletz | Quick E
Sketch | Dimension a0 - A Entities  Entities gzt g berseanaE=n M Relations Repair | gy k]

tities Sketch | "% | Sketch
e - - & ﬁ A - > nites g Move Entities - > -
Features | Sketch | Evaluate | DimXpert | Office Products | 9, 8 % W @ d?l,']' - @ BB - .

e ERle® >
(F )
§% Example Rocket - MASTER (De
@ Sensors

@ Annctations

3= Material <not specified>
%y Front Plane : . :

8 Top e This lip will set the nose
& Right Plane

-1 Origin

g shoulder insertion distance

RGO eE

\V

- BODY TUBE
- FIN CAN
- Sketchs 03— = -
i =
s
03 ]

auaf
—

45.00°

L \ Separation line between

e — Nose Cone and Body Tull

N

SolidWorks Premium 2012 w64 Edition

41



i soLipworks jj Fle Edt Vew Insert Took Window Heb Qllj E -9 - B 5 E - e Sketchs of Example Rocket - MASTER SLDPRT = Search Commands 0?8 %

E & N-@-pJ- -3 i} 3 L\ Wirror Entites bl + @

Exit Smart Trim  Convert oaa Display/Delete ‘7 Quick =
Sketch | Dimension [~ @ M A Entities Entities OFfS.Et gUr=resenaicn M Relations g::;"; Snaps SRk:';';

- - - & :\ A - - \'I:| Move Entities - - -
Features | Sketch | Evaluate | DimXpert | OfﬁceProductsl EERS N - B x|
dERIES  » '
(Y —————

T

#% Example Rocket - MASTER (De
Sensors

Annotations

3= Material <not specified> _{
Q Front Plane
Q Top Plane
% Right Plane
. Origin
-2 oML

E Motor

-l BODY TUBE
- FIN CAN
B SketchS

=4
m

Done

Y —a] 45

=

1 UJ '] *Front
1 10| _Model [ Mofion Study 1
SolidWorks Premium 2012 x64 Edition 7.5in -364in  Oin  Fully Defined  Editing Sketchs @ rs - [3]

—&

42



LdQa

0KS b2asS {

the outer profile to demonstrate

UKS

GCKAY wS@2f

K2dzf RSN®d L

DS ¢

FSI

(0 dzNB

2yt & RNBg

f

(G S N3

43



