Autodesk Is to Additive Manufacturing as Stratocaster Is to
"Stairway to Heaven"
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INntro

Dave Gleason, Software Manager, Optomec, Inc.
Who am |?

= 14 years of experience at Optomec

=  Expert in Optomec additive-manufacturing

=  Fiercely passionate about what | do

=  Love to enjoy my family and ride, hike, climb

What does Optomec make?
=  We make additive-manufacturing systems (Industrial 3d printers).

=  Products target a wide range of applications but include high value part repair to printed
electronics.
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Key learning objectives

At the end of this class, you will be able to:

= Visualize opportunities for Autodesk product use for additive

manufacturing

= Understand some key differences between additive and

subtractive manufacturing
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Section 1 Optomec Additive Manufacturing
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Video - Printing with UV cure

Printing with UV lllumination

Printing without UV lllumination
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Two-Layer Free Standing Structures

Layers printed with x-,y- translation outwards from vertex.
«Z-axis raised 2 mm for second layer
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Making a Point

\

-. /

Acrylic posts on the point of a needle
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The Cutting Edge

Acrylic posts on the edge of a razor blade
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Multi-material

Array of mm-wave antenna with contact pads

* Acrylic post printed to support 3D dipole antenna
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Strategies for Printing u3D structures
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Vertical Build

Lateral Build

UV illumination

Allowing ink to
spread slightly will
improve surface

quality
UV polymer ink
. UV illumination
Ink added to i
leading edge
and cured in
place

Stage motion
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Printing Liquids (AJ Basics)

Gas In

2 to 5mm § Focused Beam
Standoff * % To <10um

Substrate

~10( m Beam
@ Atomize Liquid Electronic Material: conductive inks, dielectric, (1-1,000 cP) (~5-35um)

@ Mist of 2 to 5 um @ highly dense, highly loaded droplets

@ Sheath gas surrounds and focuses particle beam

@ Continuous Flow Exits at 50m/s remains collimated for up to 5 mm

@ Print on planar and non planar substrates
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Chapter 2 LENS - Technical Basics
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Printing powder (LENS basics)

Argon Atmosphere

DriTrain removes Oz and : Tool Motion
humidity while recirculating LENS Op’[ICS .......................... >

atmosphere and Deposition
Head

Titanium porosity depends
on Oz level of Chamber

Gas-driven powder delivery
« Powder flowrate increases
with laser power

l l Melt Pool

Cooling rate is a function of 0-3”|‘Dr_n to ?.Omm
substrate conduction path lameter
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Functional Prototypes and Impossible parts

oy 2 -’1*.“-.'«"?'1,4-5:‘

LY Ao o

oy
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Optomec additive

Key differences:
» Make parts that can’t be manufactured any other way!
» Structures are built out of thin air!
» Add features to existing surfaces!
» Blend or layered materials!
» Speed matters (constant velocity Is important)
» Changes In speed effects material thickness and width
» Nearby Features can present challenges
» Side walls may affect printing by blocking gas flow
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Section 2 Art to Part —= How do we do I1t?
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Chapter 1 AutoCad 2017 — 2, 3 axis motion
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VMTools Filling

=  Supports Serpentine, Perimeter and Circle fills

=  Allows users tailor filling to geometry

= Allows users to sort entities

=  Provides tools to automatically change geometry

Miscellaneous Tools

Show Print Order

Pause Time (s) 1.0 =
Sort Rewverse
| Show Print Order
Join ‘ Undo ‘ [] Change Color Permanently

= ==
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VMTools
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VMTools Export

= Exports dxf entities into ACS motion instructions

=  Handles specific motion IO triggers (Shuttering)
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j eddie.prg - Motepad
File Edit Format WView Help

#2

FID1 ©,0
FID END

Axes: XYITR=XYZ
C:\Usershdgleason.OPTOMECY\Desktopi\Toolpaths\Manufacturing Test Teoolpath-2 non zero fid.dxf

!' Declare SO0TF Variables

real Accel Distance, fLccel_Time, Accel Rate

real Shutter_ Distance, Open_Shutter_Delay, Close_Shutter Delay, LeadIn_Distance, LeadIn_Time
real =1, yl, =2, v2, x lLleadIn, vy _lLeadIn, x ShutterPos, v_ShutterPos

real slope, intercept, theta

' Set S50TF Variables
Open_Shutter_Delay = 2
Close Shutter_Delay = 2

ptp/fev (X,¥),2.82358,2.78750,gDblRapidSpeead

x1 = 2.82358; 1 = 2_78758; x2 = 6.42658; yv2 = 2.78758; (Call Calculate_ lLeadIn
MSEG (X,¥),2.82358,2. 78750

line (X,Y),6.4265%0,2_ 78758

arc2 (X,¥),6.42650,2 . 82350,1_ 57850

line (X,¥),6.46258,6.42658

arc2 (X,¥),6.42650,6.42650,1 57850

line (X,¥),2.82358,6.46258

arc2 (X,¥),2.823508,6.42650,1 57856

line (X,¥),2.7875@,2.823508

arc2 (X,¥),2.82358,2_.823508,1_ 57830

ENDS (X,Y)

wait LeadIn_Time

till (GRTIME(@)<=Close Shutter Delay) & (GRTIME(1l)<=Close_ Shutter_ Delay)
ouTe . 1=a

till ("X _AST. #MOVE) & (™Y_AST.#MOVE)

l'Feature 1

!
!
!
I' Generated by: C:%ZUsershdgleason.OPTOMECYDesktop\Toolpaths\Manufacturing Test Toolpath-2 non zero fid.dxf
1
1
1

Ln 1, Col1
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Workflow for 3+2 (Non-coordinated 5 axis)

Import Solid model using ACAD import (STEP or IGES)

Explode model

: Delete the solid portion, leaving just the surface antenna pattern.

- Use Gizmo tool to orient the surface so we are looking down on the surface to be printed.

: Use Flatshot command to project this orientation. Check Hide lines and save to a new file.

: Open 2D file. Make a new active layer called printed.

: Use 2d polyline tool to generate perimeter line around the antenna shape. Avoid getting too close to the edges of the part where there is high

curvature. Might need some design rules here.

: Close the polyline, if necessary , with Join. Now we can use VMTools or other 2d software tools for filling.

: My preference is to use Offset first. | offset the first line by approximately %z line width. Subsequent lines are offset by about % line width so we get
enough overlap. Then explode the lines. Join where needed to generate a continuous line. Use Joint to reform the polyline. It may take an

iteration or two to get all the lines back together. Don’t forget to erase the original perimeter line.

: Manually edit the ends of the polylines so that the shutter points do not potentially short neighboring areas.

2 Manually add more raster lines in critical areas, such as vias or contact pads. More material will be printed in those locations.
i Save file and / or post it to ACS format.

2 Manually edit file to include shutter open and close times.

5 Repeat procedure for other orientations (eg. Top, side, and bottom).
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Chapter 2 FeatureCAM - 5 axis motion
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5 AXIsS motion!

I3 FeatureCAM (Milling) - [LOM Fixture and Case Mouse Bite FINAL.fm ] " e e . T el e
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=& OutsideSU
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L@ sfmilll 1 v
[_}-Dtp InsideSU
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...... O srf_mill1_2
= Oty MousesU
LO@ shmill3
- Stock Models
-~ Curves
A Surfaces
6P Solids
~OF Layers

AR

Select something, or click-and-drag a box selection

Properties of 'srf_mill1_1'

5 : : Xz| Millimeter | Layer 1 | UCS_ MouseSU | MouseSU | Spii GM v10.cnc | AISX_2016.md| AerosolletTools | 4 cores
o e : d rﬁ - p e  902AM |
ele I Bol oo MR
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Print projected on curved surface

13 Feturecan (Wiling)[LOM Fiture and Cose ouse Bt FAINALIm + 11000 T i@
'F'File Edit View Construct Manufacturing Options Window Help
L @ r] OXN B @ lis.# L3 Clo@s D
io.v. &, 0O.Q. 2.4 e/ O.L.C. .. .8,

. l@%ﬂl = bmnbﬁ,(‘?(ﬁﬂ_'”
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Properties of 'srf_mill1_1'

: : : | xz| Millimeter | Laver 1| UCS_MouseSU | MouseSU | Spii GM vi0.cnc | AJ5X_2016.md| AerosolletTools | 4 cores
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Simulation to evaluate and detect collisions!

ﬁ FeatureCAM (Mitlingr— [_LDM Fixture and Case Mouse Bite FINAL.fm *]

IF File Edit View Construct Manufacturing Options Window Help
L 2.8 w008 @ne k. k. K3 Cloat D
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OB si_mill2

OB sif_milln_2

E—]Dtb MouseSU

OB sif_mill3

----- ¥ Stock Models

F-r~ Curves

----- A Surfaces

=6 Solids

----- £ basesubstrate

----- (P ps_sheet23

----- & ps_sheet29

----- (7 ps_sheet3d

----- & ps_sheet3l

----- B solid3

-----  solid4

----- £ substratewithfeatur..

----- O Layers

Bonis N

Press eject or stop button to erase the screen.

Properties

For Help, press F1 | 60 MMPM | 20000RPM | 19:36.0 | Small AeroletNozzle
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Job completel!

[& FeatureCAM (Milling) - LOM Fixture and Case Mouse Bite FINALm * A a1 W % N (0 <

'F'Eile Edit View Construct Manufacturing Options Window Help
R e O e e Y
0./ @, O. Q. 2. 4. R/ . O.L.C.n. F.0.

. l@‘;k&l huﬂﬁ.@@l_'”

= Part View T LI NC Code
= Global Settings g g | Post P - Spii 10
Y& Tool Manager. s u| | Post Processor: Spil.cney L
g Spindles and Tool Hol Bl B L lAnglesin:  degrees E
X Feeds Speeds Table il O T ! Date: 1142016 09:08:40
-5 PartLibrary... X §|!
- CF PostProcess... d iLd
- 4E| Machining Configuratio L Alignrent Structure:
LOM Fixture and Case Mo I (gIntFindFids = 1)
g I::;:;:E;mng Attributes... ng|F?dXU ) =0
oty Sewpi N gDbIFidY(1)=0
= &t OutsideSU gobIFidx(2) =0
OB sif_mill gRbIFidY(2) =0
&8 sf_milll_1 gDbIFidX(3) =0
= Oty InsideSU gDbIFidY{3) =0
08 sif_mill2 Stop
LOE sf_mill1_2 Erd
[—]Dtb MouseSU
8 sif_mill3 | OPERATION = FINISH1 SPIRALSD SRF_MILLT_1
E;?J Srock Models REAL CRangle: CRangle=2"3.1416
TR Sureene PTPN (XY Z.AB). 0.0.16.310. 0. 0. gDblRapidSpeed
& Solids PTPM (> Y.Z.AB). 14.170. 3.245, 16 310,91 278, -4.643, gDblRapidSpeed
- (@ basesubstrate TILL ("X_AST #MOVE) & ("Y_AST #MOVE] & ("Z_AST #MOVE] & (“A_AST #MOY
(D fixture KSEGIL (X v ZAB) 14170, 3245 16.310,-91 278, -4 643
P ps_sheet2s LINEM (X 7.2.A.B). 34 603, -16.165, 45,624, -91 278, -4 643, gDblRapidSpeed
(P ps_sheet29 LINEM (> 7.Z.A.B). 34 603, -16.165, -22 376, -91 278, -4 6543, gDblRapidSpeed
@ ps_sheet30 ENDS (XY .Z.AB)
- ps_sheet3 TILL ("X_AST #MOVE) & (Y _AST #MOVE) & ("Z_AST #MOVE) & ("A_AST #MOY
:: ol CALL OPEN_SHUTTER
9 ubstratewithfeatur. XSEG/A [XY.Z.AB). 34 603, -16.155, 22 376, -91 278, -4 643, CRangle
02 Layers LINEH (XY ZAB). 32 561, -16.177.-23.034.-91 231, -3.961. 2147/gDblProcessSp
LINES (v .ZA.B), 32 497 -16.137.-23.051,-91 223, -3.945, 79/gDblProcessSpeer
LINEf (X v.ZAB) 32 472, -16.082,-23 063, -91 219, -3.934, 53/gDblProcessSpeer
LINEf (X, 7. ZAB) 32603, -13.229,-23 407, -00.774, -3.711, 2835/g0blProcessSpe
LINEf (X 7. ZA.B), 32 528, -8.609, -23 667, -90.088, -3.624, 4721/gDblProcessSper
LINEfM (7. ZA.B), 32546, -3.648 23719, -80.872,-53.615, 4993/gDblIProcessSpe: _
*I LR Rl O N N S T e B o T O T O | .nﬁr;'[\ Pt T e e | P e e I I | T AT oA T T
(& oetsie 5] e Code ﬂ

Select something, or click-and-drag a box selection

Properties

|KZ| Millimeter | Layer 1 | UCS_Setupl | Setupl | Spii GM v10.cnc |A_I5}(_2016.md| AerosolletTools | 4 cores

9:09 AM
11/4/2016
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Scale to productlon'
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Summary In five

@ Additive-manufacturing is different, but the boundary is your imagination

@ Optomec makes the best additive tools on the planet

@ Autodesk is key to Optomec success

@ You want the best, go get it!

@ Autodesk Is to Additive Manufacturing as Stratocaster Is to "Stairway to Heaven"

AUTODESK UNIVERSITY 2016 A AUTODESK.



Acknowledgements

AutoCAD 2017
FeatureCAM 2014

Optomec management
- AJ Product Mgr. Mike O'Reilly
- LENS Product Mgr. Ken Vartanian

Optomec Aerosol Jet Advanced Applications Lab
- CTO Mike Renn

: Dr. Kurt Christenson

: Dr. David Sessoms

Optomec LENS

2 Op Mgr. Amy Anderson

- ME Zach Stevens

- Application Engineer Himanshu Sahasrabudhe

Led Zeppelin — “Stairway to Heaven”

m AUTODESK UNIVERSITY 2016 i\ AUTODESK.



{\ AUTODESK

Autodesk is a registered trademark of Autodesk, Inc., and/or its subsidiaries and/or affiliates in the USA and/or other countries. All other brand names, product names, or trademarks belong to their respective holders. Autodesk reserves the right to alter product
mservices offerings, and specifications and pricing at any time without notice, and is not responsible for typographical or graphical errors that may appear in this document. © 2016 Autodesk, Inc. All rights reserved.

2 AUTODESK UNIVERSITY.2016 {\ AUTODgS.


http://www.autodesk.com/creativecommons

