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 What is 3D printing?
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3D Printing in the Worlo

« 3D printed houses, cars, planes, bicycles, cakes & decorations,
antennas (using dielectric resin), things that go bang!

e Armed forces using them to print parts
e |SS has one
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Print organs - human liver - eliminates re
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What's available

Printers vary from kits you can
build to fully assembled models

Vary in price (<$300 to
>$3000), size (4inch build area
10+ inch build area) and
functionality (dual extruders,
heated beds, LCD panels.)

B&H Photo (NY) listed over 25
printers from $200-$2000

Most now come with software
el
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What can | print at home”

e Toys for your Grandkids
* New tools or adapters for existing tools

* Replacement parts for broken stuft. ..

e Christmas/Easter/Halloween Ornaments




Ham 3D Prints




What is 3D Printing”

o SImply put, it’s the ability to print a real object that
you can hold, play with, attach, paint, glue, wear,
or use that object to create more objects...”




What was 2D printing”?

 What was 2D printing”? Did | miss it?

e 2D printing prints in 2 directions or dimensions
which we will call X, Y! (First technical terms!




Demo

This is an example of 2D printing. The text came across left to right (X

Then the text moved up (Y).

Remember typewriters or XY Plotters?




2D to 3D Printing

e S0 if we can print in 2 dimensions (X & Y) how
can we print in 3 dimensions - Z? ( Next
technical term!




3D terms

e What does X, Y and Z axis mean?
 What is an extruder?

e Heated Bed
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Extruder

e Sometime called the Hot End.

e Comprised of:

Liquefier with Heater
and thermocouples

e A heater

: «—— ThinPlastic Beads

. Temperature SENSOr

3-D Printer Extruder

* Gear mechanism to push the plastic through
* Some extruder have heater/motor/gears in one module.

e Others just the heater to cut down on mass for more accurate
movement.



Delta Printer

Auto-leveling updated extruder

Optional Bl
heating




Filament

 ABS
« PLA

e Carbon Fibre

e \WWood texture - bamboo




More Terms

« CNC/CAD/CAM
« G-Code
s STl

e Brim, raft, support
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3D Printing Process
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G-Code

;Layer count: 1198
;LAYER:©@

M107 5
GO F3000 X50.458 Y50.997 Z0.300 == | ) anc/ posItioNs
; TYPE: SKIRT

Gl F2100 X51.194 Y50.261 E@.05193
G1 X52.083 Y49.439 E0.11234

G1 X52.141 Y49.401 E@.11579 XX, pOSitiOn and

Gl X52.673 Y48.906 E@.15205

G1 X52.818 Y48.832 E0.16017 Extrude COmmaﬂd

G0 F3000 X59.367 Y95.289

Gl F2100 X54.714 Y90.635 E466.75338
;LAYER:1

M106 S127

GO F3000 X54.826 Y90.919 Z0.400

; TYPE:WALL-INNER

Gl F2460 X54.639 Y90.681 E466.75841

For Reference: http://reprap.org/wiki/G-code


http://reprap.org/wiki/G-code

Printer setup G-Code

[ ) Machine Settings
Printrbot Play

Printer Extruder 1

Printer Settings Printhead Settings M104 S0 ;extruder heater off

M140 SO ;heated bed heater off (if you have it)

G91 ;relative positioning

Gl E-1 F300 ;retract the filament a bit before lifting the nozzle, to release some of the pressure
Z (Height) 130.0 mm X max mm Gl Z+0.5 E-5 X-20 Y-20 F9000 ;move Z up a bit and retract filament even more

Build plate shape Rectangular v Ymax mm G28 X0 Y0 ;move X/Y to min endstops, so the head is out of the way

Origin at center Gantry Height d mm M84 ’ StePpe rs Off

G90 ;absolute positioning

M82 ;absolute extrusion mode

Heated build volume Apply Extruder offsets to GCode M104 SO

G-code flavor g End of Gcode

;SETTING_3 {"global_quality": "[generall\\nversion = 4\\nname = Fine #2\\ndefini
;SETTING_3 tion = printrbot_play\\n\\n[metadatal\\ntype = quality_changes\\nqual
621 ;metric values M104 SO jextruder heater off 3 ;SETTING_3 ity type = normall\\nsetting_version = 21\\n\\n[values]\\nadhesion_typ

G90 ;absolute positioning M140 S0 ;heated bed heater off (if you have it)

M82 ;set extruder to absolute mode 691 ;relative positioning 3 ;SETTING_3 e = brim\\nsupport_enable = False\\nsupport_type = buildplate\\n\\n",

M106 ;start with the fan on for filament cooling G1 E-1 F300 ;retract the filament a bit before lifting t

G28 X0 YO ;move X/Y to min endstops G1 z+0.5 E-5 X-20 Y-20 F9000 ;move Z up a bit and retract ;SETTING_3 "extruder_quality": [ [general] \\nversion = 4\\nname = Fine #2\\ndef

G28 Z0 ;move Z to min endstops G28 X0 Y0 ;move X/Y to min endstops, so the head is out c

629 ;run auto bed leveling M84 ;steppers off ;SETTING_3 inition = printrbot_play\\n\\n[metadatal\\ntype = quality_changes\\nqg

G1 715.0 F9000 ;move the platform down 15mm G90 ;absolute positioning

692 E0 ;zero the extruded length ;SETTING_3 uality_type = normal\\nsetting_version = 21\\nposition = @\\n\\n[valu

Gl F200 E10 ;extrude 10mm of feed stock

692 EO ;zero the extruded length again ] ;SETTING_3 es]\\ninfill_pattern = gyroid\\ninfill_sparse_density = 10.0\\n\\n"]}

X (Width) 100.0 mm  Xmin - mm

Y (Depth) 100.0 mm Y min - mm

Heated bed Number of Extruders

Start G-code End G-code

s G-code for 3mm Sguare Model

;Filament used: 0.436859m
;Layer height: 0.2

Sliced and printed by Cura.

iMAXZ:2.9 : 2
;Generated with Cura_SteamEngine 5.3.0 O I < e
M104 S200 u

M105
M109 S200 —
M82 ;absolute extrusion mode 1

O~NO UL WN

G21 ;metric values
G90 ;absolute positioning
M82 ;set extruder to absolute mode

M106 ;start with the fan on for filament cooling 3

G28 X0 Y@ ;move X/Y to min endstops

2 [he line number count
G29 ;run auto bed leveling L

Gl Z15.0 F9000 ;move the platform down 15mm
G92 EQ@ ;zero the extruded length

Gl F200 E10 ;extrude 10mm of feed stock

G92 EQ ;zero the extruded length again

Gl F9000

;Put printing message on LCD screen

M117 Printing...




Words of Caution!

e You are melting plastic - ~210 C

Al * YOU may have a heated bed - ~120 C

DO NOT TOUCH

KEEP HANDS
OUT OF
MOVING PARTS

/N

Danger

Electrici




Words of Caution!

 [he process heats up and melts plastic - it will
smell.

* ABS is quite strong




Anatomy of a 3D Printer

X Axis for left to right
movement

e Y axis for back and front
movement

Copy link for animation
https://youtu.be/xuEENIHbbrA



https://youtu.be/xuEENIHbbrA

Anatomy cont...

 Power supply

e Controller board




Getting started

e |t all depends what you want to do...
e Add to an existing hobby - Ham Radio,model planes, trains, cars..

e Jewelry - mockups, molds

e Prototypes - cases, holders, adapters, fasteners




Getting started

e To buy or not to buy?
 What else will | need beside the printer?
e Supplies
* Filament
e [ape ( painters or Kapton




3D Printing Process
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Where can you find stuff to
orint”?

thingiverse.com youmagine.com

OctoPrint 3d extruder image - Google Search Thingiverse - Digital Designs for Physic OctoPrint 3d extruder image - Google Search YouMagine - Where makers collaborate on 3D desigi

Thingiverse DASHBowoa EXPLORE LEARN CREATE Q ) Designs Ideas Collections Blog & Login

Thingiverse
Featured

3DBrooklyn's SD Card Mountain is simple,
stylish, and functional. It stores your SD cards
in a configuration that looks like snow capped
mountains. Print a bunch of these things and
give them to your friends.

Sign up for YouMagine

Featured design
Fallout 4 Mini Nuke - Redicubricks

Global Feed Featured Collections

g Coretrax started using Customizer '
SteelLegions liked Battered Barrel -

There's something for everyone

Repaired + ST... Recent Popular Trending

rala82 collected B1 Battle Droid - Spaceships Fashionista Loubie
1/4 scale -

caas1496 started using Customizer

tabicat started following
ShadyRabbit

335476529 started following iPhone Pi Zero Customizer
jinnyoh143

wo Popular sites - but use the web...
se your smartphone as a 3D Scanner (123D Catch



Software

e Usually you will need some
kind of software to make your
designs/models

* Prices and features vary

* Free to expensive license
based

* Easy to very complex

* Jext based to graphical
based



Text based - scientific modeling style
- OpenSCAD

O O OpenSCAD - example006.scad

module example@@6()
{
module edgeprofile()
{
render(convexity = 2) difference() {
cube([20, 20, 150], center = true);
translate([-10, -10, @])
cylinderCh = 80, r = 10, center = true);
translate([-10, -10, +40])
sphere(r = 10);
translate([-10, -10, -40])
sphere(r = 10);

}

difference()
{
cube(10@, center = true);
for (rot = [ [0, @, @], [1, @, @], [0, 1, @] 1D {
rotate(80, rot)
for (p = [[+1, +11 0]9 ['11 +1s 90], ['ls '1) 180]3 ["‘11 '11 270]]) {
translate([ p[@]*50, p[1]*5@0, @ 1)
rotate(p[2], [0, @, 11D
edgeprofile();
1
1
for (1 = [
Lo, o, [[e, 0]]]1,
L %, o, [ [-20, -20], [+20, +20] ] ],
[ 18e, o, [ [-20, -25], [-20, @], [-20, +25], [+20, -25], [+20, @], [+20, +25] ] 1,
E;?oée?’[[tgg;’m_és][’zié’ ;3;],’[522?’+2§§]j ][’25’ +251, [+25, +251 1 1, Compiling design (CSG Tree generation)...

Rendering Polygon Mesh using CGAL...
[ e, -9, [ [-25, -25], [+25, -25], [-25, +25], [+25, +25] ] ] PoWSewlncacﬁe:13
D1 Ec(;alg,/g‘sl_e'tD cat;‘he size in bytehs: 251720
rotate(i[@], [@, @, 1]) rotate(i[1], [1, @, ©]) translate([@, -50, @ olyhedrons in cache: 9
*Fo(r* E-]= E[Z]) 4) i, 2 & 3) CGAL cache size in bytes: 99158232
J . . Top level object is a 3D object:
translate([j[@], @, j[1]]) sphere(10); Simple: yes
Vertices: 10684
Halfedges: 44538
Edges: 22269
Halffacets: 23216
Facets: 11608
example@06(); Volumes: 2
Total rendering time: 0 hours, 8 minutes, 24 seconds
Rendering finished.

Viewport: translate = [ 0.00 0.00 0.00 ], rotate = [ 45.90 0.00 249.90 ], distance = 1045.38




Graphical Online based

tinkercad.com

Dave Robinson | Codecademy GitHub 3D design Lesson: Die on the workplane result |... Inspire V1.5 Assembly Instructions - Aloum on ... Print Quality Troubleshooting Guide | Simplify3D

Edit Help Exit lesson » ) ”%:' i ‘\\\“ A 1 *

Adjust

Tinkerplay
Geometric
Holes
Letters
Number

Symbols




Blender

Blender

A -

File Render  Window

¥ Print3D

Statistics:

Volume Area

Checks:

=l e e e
Fo e e
0.00010 :
- % -
0.001 | - e

~ ] ¥ Render i
Edge Sharp :
Check All : Displa m

Cleanup:

Isolated

; “Render Pres... y [ (=
Distorted 45° *

: \ Resoluti...  FrameR...
Non-Manifold : P

Scale To:

Export Path: AspectR... FrameR...

{ 41.000 *

Time Re...

¥ (De)select All i 9 ! i O . £

Action
. Toggle

;
:

Grease Penci

¥ Dimensions

‘Uploa

3D Printin

¥ €4 Anti-Aliasing -
5 [J1116f mitchell
@ Fullsa (<1.000 »)
» @ Sampled Motiet:
P Shading

» Performance
(1) Class Sign 3 » Post Processing ::::
() View Select Add Object (LTI , » Metadata
N ¥ Output
-20 P L tmp/

ré
i View Marker Frame  Playback i ) % £4
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Very powerful CAD system - can be got free and can export to 3D Printers.



Microsoftt 3D Builder

[ ~ PDF
3D Builder X

Olive Oil PCWA

Recent Library Olders - Approved...

5 s -
Vet NG
Xmas Card Social
2016JPG  Security R...

Linda Debbie
Videos.xls

Horseshoe
Bar Sewer...

WildTan
Games A

5:40 PM

- Search the web and Windows (h 4. AGED 8 2/20/2016




FreeCAD

FreeCAD 0.20.1

£ % . @v R&P = Start “ ‘ /

& 3 &
@‘. 5%‘.&'...%@ B @

0 Combo View

m Tasks

Labels & Attributes Description
Application
@ PartDesignExample

& Body

&1 Pocket002

Property

See https://www.youtube.com/watch?v=KgfU8BRpOrAc
B preselect FOr demo by KO6TH 241.29 mm x 189.37 mm



https://www.youtube.com/watch?v=KgfU8RpOrAc

|[deas on Modeling

Parts fit together...

* Print as one part..

Parts glue together...

Screw threads for fixing or mounting holes...




Component Models!

 Companies such as McMaster-Carr, Adafruit are
Resing S g s olibe L components




JULY 5, 2018 AT 2:30 PM

3D Models of Adafruit Parts on Github

@ Circuit Playg...

N Joy Feather...

P Crickit CPX

P Trinket MO ...

Adafruit

@ cherry mx

1048 1.2in 8x8 Matrix Backpack
1054 Laser Diode
1092 Tactile On Off Switch

1119 Tactile Switch 12mm (B3F-40...

1143 Micro Servo - High Torque Me...

1145 16mm button

1185 Massive Arcade Button 100mm
1214 PermaProto Small Mint

1221 Adafruit 2020 Extrusion

1253 Aluminum Timing Pulley

1304 MicroLipo Charger

1313 Speaker 3in 80hm 1W

1317 150mAh Lipo Battery

1321 Battery 9V

1374 Capacitive Touch Breakout AT...

1376 NeoPixel Strip

1400 Push Button Power Switch
1426 8x NeoPixel Stick

1438 Adafruit MotorShield

1455 LED driver TLC59711

1.2in 8x8 LED Matrix backpack
PyGamer and laser diode

Big commit!

1119 Tactile Switch

updating mounting hole

Moar parts!

Big commit!

Adding PermaProto Small Minty
Big commit!

Big commit!

Adding 1304 MicroLipo Charger V2
Big commit!

Adding 1317 150mAh Lipo Battery
Big commit!

Adding Capacitive Touch Breakout ATA42QT1010
Big commit!

Adding Push Button Power Switch
Big commit!

Big commit!

Adding LED Driver TCL59711




Alloy Steel Socket Head Screws

With a tensile strength of 170,000 psi, these alloy steel screws are stronger than Grade 8 steel screws. Length is measured from
under the head.

Black-oxide steel screws are mildly corrosion resistant in dry environments. Zinc-plated steel screws resist corrosion in wet
environments. The screws with a blue-dyed finish are easy to distinguish. Zinc-flake-coated steel screws are 20 times as

Fully Threaded . . .
y corrosion resistant as zinc-plated screws and comparable to Dacromet-coated screws.

Coarse threads are the industry standard; choose these screws if you don’t know the pitch or threads per inch. Fine and extra-fine
threads are closely spaced to prevent loosening from vibration; the finer the thread, the better the resistance. They are not
compatible with coarse threads.

Screws that meet ASTM A574 ASTM A574M and ISO 898-1 comply with specifications and testing requirements for material
quallty Screws tha 8.3.1M, ISO 21269, and I1SO 4762 (formerly DIN 912) comply with specifications

Partially Threaded

J\C‘AD For technical drawings and 3-D models, click on a part number.

Head
Min. Thread Drive Tensile Specifications Pkg.
Lg. Threading Thread Lg. Spacing Dia. Ht. Size Strength, psi Met Qty. Pkg.
0-80
Black-Oxide Alloy Steel
116" Fully Threaded Fine 0.096" 0.06" 0.050" 170,000 ASTM A574 50 91251A051  $16.94
Black-Oxide Alloy Steel Socket Head Screw, Packs of 50
0-80 Thread Size, 1/16" Long
ADLU U URDU R
In stoc
Pog#fict Detail _[CAD | 3-D Solidworks al [ Downloa
. 3D Models

3/32" Fully Threaded Fine 0.096" 0.06" 0.050" 170,000 Ay "3 0 EDRW 31 9.14
1/8" Fully Threaded Fine 0.096" 0.06" 0.050; 170,000 Ay 5D IGES 52 4.26
5/32" Fully Threaded Fine 0.096" 0.06" 0.05 170,000 Ay 2D PDE 15  15.24
3/16" Fully Threaded Fine 0.096" 0.06" 0.09p" 170,000 AS 54  4.40
14" Fully Threaded Fine 0.096" 0.06" 0.0§0" 170,000 Ay 3DSAT 55 443
5/16" Fully Threaded Fine 0.096" 0.06" 0.0§0" 170,000 Ag Y 3-D Solidworks 2 9.93
3/8" Fully Threaded Fine 0.096" 0.06" 0.09p" 170,000 Ay 3-DSTEP D3 8.88
716" Fully Threaded Fine 0.096" 0.06" 0.05Q" 170,000 Ag 3-D STEP no threads 17 10.16
12" Fully Threaded Fine 0.096" 0.06" 0.05 170,000 A4 2D Drawings 59 855
/16" Fully Threaded Fine 0.096" 0.06" 0.050" 170,000 Ay 2-DDWG 19 1270
5/8" Fully Threaded Fine 0.096" 0.06" 0.050" 170,000 AY 2-DDXF 78 579
3/4" Fully Threaded Fine 0.096" 0.06" 0.050" 70,000 A§ 2-DPDF 72 8,
7/8" Fully Threaded Fine 0.096" 0.06" 0.050" 1 00 AS  2-D Solidworks b7 24

1" Fully Threaded Fine 0.096" 0.06" 0.050" 170,0 ASTM A574 10 91251A7 9.26



Slicing




Overhangs




Overhangs...




Cura Software Supports
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Printer Software-Cura

@ ® PP_Epic Bojo-Gogo - Ultimaker Cura

File Edit View Settings Extensions Preferences Help

Ultimaker Cura PREVIEW MONITOR |Marketplace| 233 [signin]

-0— et

D Printrbot Play v @ Generic PLA =% Fine-0.2mm B 10% |<>| On
\

~  Object list

/  PP_Epic Bojo-Gogo

65.1 x5.3x16.9 mm

OwWOIBOo




rinter Software-Simplity3D

l:l Sl MPLI FYzoF SOFTWARE BUY NOW SUPPORT BLOG COMMUNITY ACCOUNT

-""
r":-_

TUm)
\'7‘\},‘
Q

ADVANCED TOOLS TO IMPROVE YOUR 3D PRINTS

Import, scale, rotate and repair your 3D Apply customizable settings for Preview and perform countless Use an SD card or USB to initiate your

model until it is just right. complete control over your print. iterations with our super-fast slicer. stunning print!




Printer Software MakerBot

0 9 W

Explore Library Prepare Store Learn

M makerBot

1 0‘"
LY B :
. !
class_sign SETTINGS ADD FILE UPLOAD TO LIBRARY EXPORT PRINT FILE

+

Replicator (Dual)



OctoPrint

£ OctoPrint: Ultimaker F Settings O System ~ & "admin” ~

Machine State. Printing from SD
File: gear.gco (SD)

Filament (Tool 0): -

Estimated Print Time: -
Timelapse: -

Height. -

Prnt Time: 00:32:13

Pnnt Time Left: 00:26:03

Printed. 2.MB / 5.SMB

R ~

Tool (E) General

Motors off
Fans on

Fans off




FInishing Prints

 ABS can use acetone to produce a smooth finish
e Sandpaper




Hargware

Printers vary from kits you can
build to fully assembled models

Vary in price (<$300 to
>3$3000), size (4inch build area
10+ inch build area) and
functionality (dual extruders,
heated beds, LCD panels.)

B&H Photo (NY) listed over 25
printers from $200-$2000

Most now come with software
bt




Printing without the
Computer

Usually the printers come with an SD card slot.

Download the final g-code (after slicing) to the card and
then print.

o |f your pnnter has an LCD screen use the menu to

. / ' ¢




How to 3D print without a 3D printer.

* 3D Hubs

e The UPS Store ( Nearest- Mountain View, Pleasanton, Campbell




Things to consider Using a
ervice

 Most services will check your model can be
porinted, but...




| ove/Hate Relationship

Overhangs with no
support

Incorrect profile for
your printer

Power fluctuations
during printing.

Model not water tight

- filament/nozzle size

Sliced wrong - wrong

“moving parts

Cables snagging on




Problems You WIill Encounter

 Stiction - or lack off
* The first layer of the print fails to stick to the surface.

* ABS - heated bed not hot enough

* Extruder too high




-irst Layer Issue




~irst Layer Issues




e None

o SKirt

e Brim

e Raft

First Layer Solutions




First Solutions

e VVendor “Glue’




oldilocks!!

PRINT BED

Too High - The tip is just Too Low - The tip is "digging” into Just Right - The tip is pressing
“dropping” filament onto the bed. filament as it is extruded. the filament down onto the bed
Set M212 Z value further Set M212 Z value further positive for a good "stick”.
negative. or reposition probe closer 10 the Happy printing!
print bed.

The Perfect "Bead"




Avallable Resources

* The Internet (you may have heard of it!

 http://3dprint.com

» https://learn.adafruit.com/category/3d-printin

e Definitions:



http://3dprint.com
https://learn.adafruit.com/category/3d-printing
http://reprap.org/wiki/Glossary
http://www.3dgeni.us/jargon-buster/
https://www.simplify3d.com/support/print-quality-troubleshooting/#holes-and-gaps-in-the-top-layers
https://www.simplify3d.com/support/print-quality-troubleshooting/#holes-and-gaps-in-the-top-layers
https://www.simplify3d.com/support/print-quality-troubleshooting/#holes-and-gaps-in-the-top-layers

