Additive Manufacturing Technology and Trends

MCA Session Topic: CAM for CAD and MCA Ideation
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Instructors:
1. Alex Raymond Renner: arenner@iastate.edu
2. Spencer Rea: sprea27 @iastate.edu
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VRAC DABL 3D Printing Differences

Machine Size (X, Y, z) (mm) Speed (Mmm/s) Material(s) Software Transfer Method (s)
Old Farthful 225, 145, 150 90 ABS MakerBot Desktop SD card
MakerBot 2X 246, 163, 155 ~ 100 ABS / PLA MakerBot Desktop SD card
* Dual extruder *Octoprint maybe
Voxelab Aquila 52 220, 220, 240 /0 - 80 PLA, PETG, ABS, Cura Octoprint
ASA, TPU
Ultimaker UM3 215,215,200 /0 - 80 PLA, ABS, PVA Cura Cura network print
*Dual extruder
Monoprice Maker 200, 200, 180 60 PLA, PETG Cura Octoprint
Select V2
Creality CR6 Max 400, 400, 400 50 PLA PrusasSlicer Octoprint
Prusa XL 360, 360, 360 200 PLA, PETG, ABS PrusaSlicer PrusalLink
Creality K| 220, 220, 250 600 PLA, ABS Creality Print Creality print Wik
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Design for Additive Manufacturing (DFAM) ?

» Don’t print boxes or threads
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- Use a printer to make it's
own parts
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» Combine parts that need to
function within your design

If assembled with
production part, make
printed part tolerance
higher
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Design for Additive Manufacturing (DFAM) ?

» Can the size be modified
to make it function nearly
as well as traditional
manufacturing method?

» IS 3D printing the only
way to manufacture the
part?

» Script the model to
customize & ensure
fit/function: OpenSCAD
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https://openscad.org/gallery.html

Design for Addltlve Manufacturlng (DFAM) ?

L e
. All 300,000 were 100% "“’ '-’_‘
inspected using non- X N
destructive evaluation. - N Q . [—

30,000 Fuel Tips Shipped |

#LEAPramp

- How many failed to print?

- How many failed
iInspection?

- Nobody, has, can, or ever
will print 2 parts that are
exactly the same
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Part Orientation

+ IS there a best orientation?

» Software algorithms and
experienced users can optimize
choose “optimal” orientation”.

-« How do we know if model is
bad and/or when 2 disciplines
are collaborating?

-« Who knows (e.g., designer, 3D
printing person, medical
doctor)?

IOWA STATE UNIVERSITY

VRAC Visualize * Reason * Analyze  Collaborate

Replicator (Dual)

.



Print Preview Uses

» Print time, material usage

» Support location and amount
(may help orient the part)

» Print type for the part on a
single layer

» |f connection to printer required:
to make system proprietary or
to get real-time print info
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Print Previews Do Not Help Choose Settings

Per Layer Increase Decrease
Thickness Speed Speed

» If we had the Goldilocks

Increase

Evaluation Matrix (GEM) it would T prnaeee Yes or No?  Yes or No?
show you the tradeoffs between

. . . Decrease " "
print settings and part quality TR YesorNo?  Yes or No

» Without GEM we have to print

parts, try modifying settings, and T
print again comphs. | - Souidy e
Showing default
. grinthead ;empetr;re tem;pgratl;r s
L . y ee ensor vaiues e settings n
» "Virtual lterations” could be oSl +Print Material | « Wil the part | P8
Temperature dapes ook
Tatd e Laver smoother
performed 1000s before printing oyer -

printed?

1 part
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Training Levels
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» Alex is the “Chief Operating
Officer” of VRAC DABL 3D printing

» “VRAC Maker”: Chloe/Spencer

» " Trained Personnel”
- 3D print deep dive REU interns?
- Training needs?

» Print failures are priceless

IOWA STATE UN IVERSITY




Limited Experience Still Print Cool Stuff

» Kate trained by Holly
who was trained by

Alex.
» Bottom up approach Heater Cartridge @
of learning the Power Supply Wires

process effects at
the road level helped
learn how to make
decisions about print
settings.

——

} Heater 2
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Preview vs. Simulate

‘eas @ Toolgach Visualization
[ oK ) ) MakerBot

@M MmakerBot

VAMVIS_orient_test

Sign Ir

» Print Preview shows
layers of ideally shaped
3D printed segments

@ The Replicator Ready to Print

» Slmulation uses the
machines instructions
and provides inter and
intra-layer visualization §f &
of the whole process

Close

[ NON VAMVIS_oricnt_test.gcode — mocels (git: development)

AB
# A@ RO

G130 1 A127 B127
Makerbot Industries
: Miracle Grue 3.8.0.480
This file contains digital fabrication directives
in G-Code format for your 3D printer
http://www.nakerbot.com/support/makerware/documentation/slicer/

Right Toolhead Weight : 7.47819
Right Toolhead Distance 1 2450.97
Duration: 1573.95 seconds
Active extruders in print: @
Chunk @
osition ©
Thickness 0.3
; Width 0.4
Gl ) ). 270 )00.
Gl g -t E25.000
G92 A@ BO
Gl 70 )0
Gl
G92 EQ
Gl 2.6 « D€ )€ 00 A-1.30000; Retract
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Gl ¢ - D.
M73 ; Update Progress
Gl X17 :

Gl

Gl

Gl

Gl

3 Travel Move

: Travel Move
AD.00009; Restart
) A1.25897; Inset
A1.26830; Inset
) A1.30995; Inset

Line: 86:26-86:31 | RS274NGC s | TebSize: 4 v fod




Virtual Additive Manufacturing Visualization
Investigation and Simulation (VAMVIS)

- Alex Raymond Renner’s PhD
Research application

» Desktop (Qt), C6, and HMD
- Why the name:

- Using VR for AM

» 0.4mm nozzle (half thickness
of piece of paper) can be
visualized in C6 at much larger
scale an investigated by more
than one person at a time




VAMVIS’s Thermal Process Simulation

- Any combination of
3D printer, software,
and hardware

- Really??? How??7

» Collect the
information in the
table for every print
move from G-Code

Property Symbol Value Unit
Software Set Temperature T 230 °C
Envelope Temperature Teo 25 °C
Layer Thickness L 0.3 mm
Print Speed: Infill S; 90 mm/s
Print Speed: Insets S 90 mm/s
Print Speed: Outlines So 40 mm/s
Print Speed: First Layer S¢ 30 mm/s




VAMVIS’s Thermal Process Simulation

» Do some math for the roads’
size (calculate volume/surface
area)

- Account for print head speed
changes and update frequency
of the simulation app

» Include the roads’ material
properties in a fancy heat
transfer analysis model
(Lumped Capacitance
assumptions)
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Property Symbol | Value Unit
Convective Heat Transfer h 0.000058 w
mm?K

Coefficient

Characteristic Length L. K mm
Ag

Biot Number B; h(L¢) N/A
k

Alpha a k mm?/s
pC

Time t 1 S
60

Fourier Fo at N/A

(Lc)?
Extruding Temperature T; T, + (T, — T,,)e"Bi*Fo) °C
Extruded Temperature T4 Too + (T; — Ty)eTBHFO) °C




MCA Ideation
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REU 2023
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« Kris: material &

print settings, most
light through

pinhole camera
lens
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Train & Heal

- o ER

B 3D Slicer 4.6.2
File Edit View Help

Modules: @ Volume Rendering s

@ 3DSlicer

» Help & Acknowledgement

& MeshLab 2016.12 - [D:/GIMM/REU/3D Printing/VIX Test/Test b/MeshLab_V3.mlp]
® File Edit Filters Render View Windows Tools Help

DFPoBES O g8 XXX

D:/GIMM/REU/3D Printing/VIX Test/Test b/MeshLab_V3.mp & X

=ocramavi- ([0 B (PR

@ Volume: | 5: Pied/cheville 1.0mm std

'P Inputs

R4 Display

Preset: W CT-Bone

shift: &

Crop: Enable £ Display RO it to Volume

Rendering: | VTK CPU Ray Casting

» Advanced...
I l."'mmﬁ\
e — I R: 24.201mm [WG 5N = P A 108,20 1mm
CT_AAA_V1.stl
] n
Shading Vert Face None
Color Mesh | User-Def
Back-Face Single Double Fancy Cull
apply to all visible layers []
~
¥ Data Probe
FOV: 60 Mesh: CT_AAA_V1.stl
FPS: 21.1 Vertices: 1,109,736,
BO_RENDERING Faces: 1,932,161
Selection: v: 0 f: 18,119 rectagular r
v

Show Zoomed Slice

L
F @ . . ,
: 5: Pied/cheville 1.0mm std 3 ille 1.0mm std
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MCA: Replicate and Augment
- @

£ Vuforia Model Target Genetator - My CAD_TARGET_PROJECT

- o X
b r > .
D ol < | ¢ @ &
New Open CADModel  Deteciin Generate Aboest Send
Project Project View Pottion Target Feedback
VuforiaMars_ModelTarget Size: 0.150m x 0.110m x 0.130m .+ 2 CAD Model Checkdist
8 % ' :
= ¥ Please ensure that your CAD model follows the
Law, r
x | -174° 0.682m recommendations below. For more details please

see the Model Target Generator Tool User’s Guide.

¢ < ’ 2
Y 203*)| 0268m CAD Model Recommendations

- 00° 0007m To ensure good detection, tracking and rendering of

the augmented reality experience the CAD model
should not exceed:

o A maximum of 400,000 polygons or tnangles.
e A maximum of 10 parts.
¢ A maximum of 5 textures.

It is also recommended that the CAD model uses a
right-hand coordinate system.

i A A
1 !

Common Problems
%llllll.ll

Here are some examples of what can make a CAD
model unsuitable for tracking,

The model has large hole(s) in it

O.1T3m

The model has missing parts.
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https://all3dp.com/2/best-3d-printed-arduino-project/

® @ CupSleeve_v2_alt2.scad
Untitled.scad
0 Editor
- ; _ )
@ & MW o0 o~ = ® & o

//Start with Cup Dimensions - these are for a Starbucks $1 Reusable Cup

bottom_diameter=59.5;

top_diameter=82;

//Make sure the height is measured as the distance between your top and bottom radius measurements!
height=135;

//Now some basic properties of your sleeve

color="aqua"; 2
//[black,silver,gray,white,maroon, red,purple, fuchsia,green, lime,olive, yellow,navy,blue,teal,aqua,brown, @
sienna]

10  thickness=2; //[1:4]

11 border=3; //[1:30]

12  sleeve_height_percent=95;//[10:95]

13 //Use this to move the sleeve up or down on the cup

14 sleeve_z_offset=0;

15

16 //And finally the pattern variables...

17  line_thickness=4;

18 sides=6;//[3:20]

19 size=18;//[1:20]

20 overlap=5;//[0:10]

21 //This is the spin of each shape about its center

22 spin=22.5;//[-90:90]

23 //This is the amount the pattern is made to "spiral" around the cup, vs. stack straight up

24 pattern_spin=9;//[0:10]

CONOUIAWNER

25

26 part=1;//[1:Render,2:Final]

27 .my:on;oo.,/asvn‘.u.nua
28 //111111101111011101111111111117

29

30 bottom_radius=bottom_diameter/2;
31 top_radius=top_diameter/2;

32  rb=bottom_diameter/2+thickness;
33 rt=top_diameter/2+thickness;

34  h=height;

35 1lt=line_thickness;

36 sh=sleeve_height_percent/100xh;
37 szo=sleeve_z_offset;

38

39  res=30;

40

41

42 theta=atan((rt-rb)/h);

43 count=24-size;

44  thetac=360/count;

45  rpb=rb%3.14/count;

46 rp=rpbx(1+overlapx.2);

47

48  rows=round(h/(2x%rpb));

49  echo(rows);

50 echo(count);

51 echo(theta);

52
53 if(part==2)sleeve();
54
55 Fif(part==1){
56 cup();
57 sleeve();
58 | }
59 -
60 Emodule sleeve(){
61 color(color)union(){
62 [ intersection(){
63 cupwall();
64 —
65 translate([0,0,h/2+szo])cylinder(r=rt*2,h=sh,center=true); \/ {/OR}-\’\(/:AVSTA{E UAN\IVERSITY E
66 isualize » Reason * Analyze * Collaborate \.‘
67 &= for(i=[0:rows]){
68 rotate([0,0,thetacki/2*pattern_spin/10])
69 translate([0,0,2%rpbxi])
70 ring();
zal H } Z
72 }
75 | H
745 intersection(){
75 cupwall();
76 translate([0,0,szo+(h-sh)/2])cylinder(r=rt*2,h=border,$fn=res);
77 }
78 I =
796 intersection(){
80 cupwall();
81 translate([0,0,h-border+szo-(h-sh)/2])cylinder(r=rt*2,h=border,$fn=res);
82 - }
83 }
84 |}
858 = s
86 Emodule cup(){ £ iy : : | o—s
87% color("white")difference(){ > @ 'g Q Q O i @ $ @ G e $ ﬂ @ | K "Jﬁ =
88 [ union(){ : : : —
89 translate([0,0,-.1])cylinder(rl=bottom_radius+.1, r2=top_radius+.1,h=h+.2,$fn=res); (%) Console (x] Error-Log
90 translate([0,0,h+.2-2.5])cylinder(r=top_radius+1.5,h=2.5,$fn=res); ECHO: 6
g; i iranslate( [0,0,6])cylinder(ri=bottom_radius-1, r2=top_radius-1,h=h+.2,$fn=res) ECHO: 4.76364 Show All
19, =] || =1, = _ =Ly =] w2, = ; e . .
93 translate([0,0,-.2])cylinder(r=bottom_radius-1,h=5,$fn=res); g:g:zintr:ige:?:f:c:\%:s?owoducts generation)... Group File
gg } ¥ Geometry cache size in bytes: 43568
9% CGAL Polyhedrons in cache: 0
97 L CGAL cache size in bytes: 0
98 Fmodule ring(){ Compiling design (CSG Products normalization)...
99 for(i=[0:count-1]) Normalized tree has 161 elements!
100 rotate([0,0, ixthetac]){ Compile and preview finished.
101 translate([0,0, rbxtan(theta)+rpb]) Total rendering time: 0:00:00.095
102 rotate([-90-theta,0,0])
Viewport: translate = [ -58.01139.18 -27.10 ], rotate = [ 63.40 0.00 27.80 ], distance = 496.57, fov = 22.50 (1013x1367) OpenSCAD 2021.01
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https://openscad.org/libraries.html

Connect it
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https://www.hubs.com/knowledge-base/how-design-snap-fit-joints-3d-printing/

3D printers can make it

Onl
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https://www.thingiverse.com/thing:145694

