EXP 12: 3D Printing and Rapid Prototyping

Abstract
In this experiment, you will learn the principles of 3D printing. You will learn how to

use SketchUp 3D modeling software to make 3D models. You will learn the different
steps in the process in 3D printing.

Introduction and Theory

What is 3D printing?

3D printing or additive manufacturingis a process of making a three-
dimensional solid object of virtually any shape from a digital model. 3D printing is
achieved using an additive process, where successive layers of material are laid
down in different shapes. 3D printing is also considered distinct from
traditional machining techniques, which mostly rely on the removal of material by
methods such as cutting or drilling (subtractive processes).

A 3D printer is a limited type of industrial robot that is capable of carrying out an
additive process under computer control.

The 3D printing technology is used for both prototypingand distributed
manufacturing with applications in architecture, construction (AEC), industrial
design, automotive, aerospace, military, engineering, dental and medical industries,
biotech (human tissue replacement), fashion, footwear, jewelry, eyewear, education,
geographic information systems, food, and many other fields. One study has
found that open source 3D printing could become a mass-market item because
domestic 3D printers can offset their capital costs by enabling consumers to avoid
costs associated with purchasing common household objects.

Technologies used in 3D printing
1. Fused Deposition Modeling (FDM):

The model or part 1is produced by extruding small beads
of thermoplastic material to form layers as the material hardens immediately
after extrusion from the nozzle. A plastic filament or metal wire is unwound
from a coil and supplies material to an extrusion nozzle which can turn the flow
on and off. There is typically a worm-drive that pushes the filament into the
nozzle at a controlled rate.

The nozzle is heated to melt the material. The thermoplastics are heated past
their glass transition temperature and are then deposited by an extrusion head.



The nozzle can be moved in both horizontal and vertical directions by a
numerically controlled mechanism. The nozzle follows a tool-path controlled by
a computer-aided manufacturing (CAM) software package, and the part is built
from the bottom up, one layer at a time. Stepper motors or servomotors are
typically employed to move the extrusion head. The mechanism used is often an
X-Y-Z rectilinear design.

Although as a printing technology FDM is very flexible, and it is capable of
dealing with small overhangs by the support from lower layers, FDM generally
has some restrictions on the slope of the overhang, and cannot produce
unsupported stalactites.

Myriad materials are available, such as ABS, PLA, polycarbonate, polyamides,
polystyrene, lignin, among many others, with different trade-offs between
strength and temperature properties.
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Figure 1: FMD Process

2. Stereolithography:

Stereolithography is an additive manufacturing process which employs a vat
of liquid ultraviolet curable photopolymer "resin" and an ultraviolet laser to
build parts' layers one at a time. For each layer, the laser beam traces a cross-
section of the part pattern on the surface of the liquid resin. Exposure to the
ultraviolet laser light cures and solidifies the pattern traced on the resin and
joins it to the layer below.

After the pattern has been traced, the SLA's elevator platform descends by a
distance equal to the thickness of a single layer, typically 0.05 mm to
0.15 mm (0.002" to 0.006"). Then, a resin-filled blade sweeps across the
cross section of the part, re-coating it with fresh material. On this new liquid



surface, the subsequent layer pattern is traced, joining the previous layer. A
complete 3-D part is formed by this process. After being built, parts are
immersed in a chemical bath in order to be cleaned of excess resin and are
subsequently cured in an ultraviolet oven.

Stereolithography requires the use of supporting structures which serve to
attach the part to the elevator platform, prevent deflection due to gravity and
hold the cross sections in place so that they resist lateral pressure from the
re-coater blade. Supports are generated automatically during the preparation
of 3D Computer Aided Design models for use on the stereolithography
machine, although they may be manipulated manually. Supports must be
removed from the finished product manually, unlike in other, less
costly, rapid prototyping technologies.
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3. Selective laser sintering:

An additive manufacturing layer technology, SLS involves the use of a high
power laser (for example, a carbon dioxide laser) to fuse small particles
of plastic, metal(direct metal laser sintering), ceramic, or glass powders into
a mass that has a desired three-dimensional shape. The laser selectively fuses



powdered material by scanning cross-sections generated from a 3-D digital
description of the part (for example from a CAD file or scan data) on the
surface of a powder bed. After each cross-section is scanned, the powder bed
is lowered by one layer thickness, a new layer of material is applied on top,
and the process is repeated until the part is completed.

Because finished part density depends on peak laser power, rather than laser
duration, a SLS machine typically uses apulsed laser. The SLS machine
preheats the bulk powder material in the powder bed somewhat below its
melting point, to make it easier for the laser to raise the temperature of the
selected regions the rest of the way to the melting point.[¢!

Unlike  some  other additive manufacturing processes, such
as stereolithography (SLA) and fused deposition modeling (FDM), SLS does
not require support structures due to the fact that the part being constructed
is surrounded by unsintered powder at all times, this allows for the
construction of previously impossible geometries.
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3D Modeling and Software used in 3D printing
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The 3D Design software generates a mathematical 3D model. This model is
converted by the Slicer software into instructions that will be executed by the

Firmware of the 3D printer to drive its actuators (X, Y, Z and extruder motors,
extruder and bed heaters).



1. 3D Modeling
You will use SketchUp software to generate 3D models for later printing, you can
download sketchup from: http://www.sketchup.com/download

Any 3D form (polyhedral or curved) can be approximated by a triangulated surface.
For example: Polygons of 4 or more sides can be divided into triangles.
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Figure 4

An n-gon is represented as n-2 triangles. On a computer they are represented by
listing the three corners for each triangle.

- Each corner (a vertex) has (X, Y, Z) coordinates
- List vertices starting with any of the three
- List counter-clockwise as seen from outside
- “Normal vector” points out from object
- Use “Right-handed” XYZ axes .. &

; 4

Triangle: (1,0,0) (0,1,0) (0,0,1)
or: (0,1,0) (0,0,1) (1,0,0)
or: (0,0,1) (1,0,0) (0,1,0)



Example:
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( 1, :17:1_)7 -

A(111)(-11-1)(-1-11) B:(-1-11)(-11-1)(1-1-1)
C@A11)(1-1-1)(-11-1) D:(111)(-1-11)(1-1-1)

3D Model: File Format:
Different 3D formats describing
- Triangles, polygons, curves,
- Colors, textures, images, lights, animation....
STL (STereoLithography)
- Created by 3D Systems.
- Based on triangles modeling
- Supported by many software packages
- Widely used for rapid prototyping and computer-aided manufacturing.
- Describes only the surface geometry of a three dimensional object without
any representation of color, texture or other common CAD model attributes.
- ASCII and binary representations

el e e o P I structure1.stl - Bloc-notes EWEIS

Fichier Edbion Format Affichage ?

solid structurel.st] A
facet normal 0.0 0.0 -1.0

outer Tloop

vertex 0.0 39.9996 0.0

vertex 5.136% 25.0276 0.0

I
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vertex 0.0 0.0 0.0
endloop

endfacet

facet normal 0.0 0.0 -1.0
outer loop
vertex 5.1369 25.0276 0.0
vertex 0.0 39.9996 0.0
vertex 6.1638 28.81 0.0
endloop

endfacet

facet normal 0.0 0.0 -1.0
outer loop
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outer loop T -
vertex 34.8933 21.0102 15.0
vertex 33.8664 17.2279 0.0
vertex 33,8664 17.2279 15.0
endloop
endfacet
facet normal -0.9651 0.262 0.0
D outer loop
vertex 33.8664 17.2279 0.0
vertex 34,8933 21.0102 15.0
vertex 34,8933 21.0102 0.0
Lt endloop
e endfacet
—— endsolid structurel.stl




2. Slicer:

The slicer is a software that convert the 3D model to instructions to be used by the
firmware of the 3D printer. Slicer generate files with .gcode extension.

The slicer cuts the model into horizontal slices (layers), generates toolpaths to fill
them and calculates the amount of material to be extruded.
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Gcode files:
- G Codes are directives.

layers

- G Codes tell computer numerical control devices how to move and behave.

- The codes that do start with G tell the machine where to “Go”.

- The codes that start with M tell the machine how to behave.

I essail.gcode - Bloc-notes
Fichier Edition Format Affichage ?

ML104 S
G28
ML10S S
GO0 ;
G21 ;

M82

Gl X70
Gl F18

G92Z EO ;

Gl X71.

200 ; set temperature

home all axes

200 ; wait for temperature to be reached
use absolute coordinates

set units to millimeters

reset extrusion distance

use absolute distances for extrusion

Gl Z0.400 F7800.000

.950 ¥6l.236

00.000 E1. 00000

130 ¥61l.056 F540.000 EL.00749
.510 ¥60.716 EL.02248
.130 ¥60.276 EL.04483
.350 ¥60.146 EL.05235
.81l0 ¥59.916 EL.06747
.280 ¥59.726 EL.08238
770 ¥59.576 EL.09745
.020 ¥59.516 E1.10501
770 ¥59.406 EL.12730
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3. Marlin Firmware

This program is executed by the microcontroller embedded in the printer

Hardware Configuration
Regulation parameters
Maximum values

| Control Stepper Control [~

. - L I/0
G CODE interpreter control

Temperature
Control g

L3

v

> Motion —p

| Super- |:
¢| vision ||

Serial
G CcopE ™| communication
control

marlin.ino |

4. Pronterface: supervision and control interface
This program allows

- Downloading the G-Code to the microcontroller.

- Monitoring the printing.

- Executing step by step initializations of the printer.
- Changing parameters in real time.

“p Printer Interface Q@@

File Settings
pot oMt ~]@[115200 v| Connect Reset [V Monitor Printer  Mini made
Load File Compose | lll
mmyfmin A
1 ®y:| 100 j 100 :‘I => Cleaning up the perimeters W
A X N y/ﬁ\ 42 > Generating horizontal shells

=2 Combining infill

=> Generating skirt

)
€06

' =2 Infilling layers

-X +X =2 Exporting GCODE to C:\Documents and Settings|JeaniMes
documents\ARDUINO\REP_RAP_Software\Pronterfacelcilindre
15_export.gcode

Done. Process took O minutes and 3.922 seconds

Filament required: 254.6mm (1.8cm3)

&) Ny zHh 4 253,60025 mm of filament used in this print

the print goes from 86.850000 mm to 113,140000 mm in X

Heater: 200{pla) ¥ | land is 26.290000 mm wide
Bed: [60la) -] the print goes from 86.842000 mm to 113142000 mm in ¥

5 ﬁnm and is 26.300000 mm wide

Send

30 ﬂ“m!min 200 the print goes from 2.200000 mm to 16,900000 mm in 2
- = 150 and is 14700000 mm high
] . =
Heater: 12074
= 100 Estimated duration {pessimistic): 50 layers, 00:06:04 v
\a Bed: T216/688 s0 | —

Loaded C:\Documents and SettingsiJeaniMes documents\ARDUINO\REP_RAP_Software\Pronterfacecilindre 15_export.gcode, 10630 lines Y




Template Selection ( ? )

Procedure

Woodworking - Inches
Units: Inches
Use this template for smaller scale projects such as fumiture design.

1- Open SketchUp Software.
2- Choose “choose template”.
3- Choose “WoodWorking - Millimeters”

4- Press "Start Using SketchUp”, | e i i

5- Explore the different icons and their '
functionalities. Interior and Production Design - Millimeters

6- Select the rectangle tool, starting from the center draw a rectangle with
80x80 Mm Square.

7- Using the push/push tool, pull the square you draw to make a cube. You
should have something like this:

@ SketchUp File Edit View Draw Camera Tools Window Help AP B E DD ¢ T <) E s0x@F MonApr2l 1:37PM Q iE
® 006 Untitled - SketchUp Make 6] Instructor

» G SO DSBS CR LB LU BB

Modifier Keys

Option = Toggles creating new starting
face

Command = Push/Pull while stretching
attached faces

Advanced Operations

@ @ ®|° Select face to push or pull. Option = create new starting face. Distance | -2197.0mm

8- Draw a circle of radius 25mm at the top surface of the cube. Centered in the
center of the top square of the cube. Using the Tape Measure tool.

9- Use the push/pull tool to push the circle to the

bottom edge of the cube to make a hole in the
cube, you must see this:




10-In the same way, draw a polygon on the front end and push it to the other
end of the cube to get this:

@ SketchUp File Edit View Draw Camera Tools Window Help AN B A DD t = 4 = 73%@EF MonApr2l 1:59PM Q =
@006 Untitled - SketchUp Make

"GOOSR LR EBPIZLHAUS BB (rooce o

@ ‘(‘)@ o Drag to orbit. Shift = Pan Measurements

Get yourself familiar with SketchUp. Now we want to design a model for a
component of the 3D printer following the following tutorial.



Sketch-up Introduction
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Fichier Modifier Afficher Caméra Dessiner Outils  Fenétre Aide

TEBOE

" U BY|H OCOI S LCEFP I TEKA|S2ZLENQ o

o @ @ I@ Sélectionnez |'angle opposé ou tapez une valeur.

Cotations 6540
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Xbis - SketchlU T

Fichier | Modifier Afficher Caméra Dessiner Outils  Fenétre Aide
Nouveau Ctrl+MN
Quvrir... Ctrl+0

TEBOE

Enregistrer Ctrl+S ﬁ’ @ cen %‘ .f@ g\ 7 &: '& ‘ $ /2

§ &

L

=

(W%
-

Enregistrer sous...
Enregistrer une copie sous...
Enregistrer comme modéle type...

Revenir

Envoyer dans LayOut (Version Pro uniquement)

Afficher un apergu dans Google Earth

Géoposition
Banque d'images 30
Importer...

Exporter

Export STL...
Ly

Apergu avant impression...

Imprimer...

Générer un rapport...

1 Xbis
Quitter
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i nEthbb Studio W

Edit Part Extras View Settings

— 10000 SVOBQRL| 2 2RO -A- .

Help

Open o #, parts =4
. : E3 Slices =
File preview browser = 4
o
g
Save
Save as

Split large STL file... (Prao)
Print...

Configure Printer...

Exit
Cuts
X 4 r 0.00 mm
¥: 4 o 0.00 mm
7 4 000 mm
(cutal pars v [ Rest ]
[] Show points on cut
Information
Length: 0.00 mm Wolume: 0.00 cm®
Width: 0.00 mm Area: 0.00 cm®
z Height: 0.00 mm Triangles: o
v X
@ rotate/move move and rotate the selected parts by the mouse and the cursor keys
= netfabb Studio Basic
.

Project Edit Part Extras View Settings

e 0000080 SVO0BARL (2 9RO -R-|dPva-

Help

o|B #) Parts &
E @ @ xbis (100%) ®
= slices &
d
o
Cuts
X 4 +  0.00 mm
i 4 +  0.00 mm
Z. 4 r  0.00 mm

[cutan pans »] [ Resst |

[] Show points on cut

Information

Length: 65.00 mm Wolume: 4867 cm®
Width: 54.50 mm Area: 229.74 cm®
Height: 50.00 mm Triangles: 1415

@ rotate/move move and rotate the selected parts by the mouse and the cursor keys
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Project Edit Part Extras Repair Mesh edit View Settings Help

* A

Bo00080 Q4Q|den d40b 444 $+=va-

@ Select triangles Press Shift to add / remove triangles to /from the current selection

Bale paog

éE}- 2 parts

B @ ® Xbis (100%)
Part Repair

Status |Ac1inn5| Repair scripts

Statistics
Edges: 2285

Triangles: 1415

Shells: 9

Border edges: o
invalid origntation: 0

Holes: ]

[ Update

] [F] auto-update

Vigualization
[] Highlight holes

Show edges from

Surface selection
Selection tolerance: |

Show degenerated faces

Triangle mesh

0 45°

Automatic repair

Apply repair I

Project Edit Part Extras View Seftings Help i
AR AOD000080 SVIBQJL 2 2RCPE - AR $+=va- ¥
- |\ § 5 :’ r; ¥bis (fixed) (100%) g
g- slices i

Remove

Y

.y

© 9D

OO T ¢le

@ rotate/move

move and rotate the selected parts by the mouse and the cursor keys

Export part as 5TL (binary)
Duplicate as STL (ASCI)
Rename EY
Change color e=BRl

as 3D
Level of Detail

as ¥3DB
Show triangle mesh

as 305

Move
Rotate

Scale

Show selected parts

Hide selected parts

Extended

Extras

as Compressed Mesh
as Wavefront OBJ
as VRML

as Slice

Cuts

x | « [

v O [ = X

re| | | 1 v 000 mm
[cmau parts -] [ Reset | |F

[] Show points on cut

Information
Length 65.00 mm Volume: 51.11 | cm®
Width: i 5450 mm Area; ) 25314 cm®
Height: i 5000 mm Triangles: ] 1598- FR
4
L DI |
%
1416
29 13
e L



% Slic3r

File Plater Window Help

FrEteT iw t Settings | Filament Settings | Printer Settings
d Add... ] Delete Delete All Arrange Rotate... Scale.. (<3 Split View Settings...
Name Cop... Scale Print settings:
Filament:
DOM 2
Printer:

Export G-code...

Drag your objects here

Export 5TL...

Info

Size: Volume:
Facets: Materials:
Manifold:

Version 1.0.0RC1 - Remember to check for updates at http://slic3r.org/

4 Slicar S
File Plater Window Help "
Plater | Print Settings | Filament Settings | Printer Settings| ;
(5 Add...|[ 5 Delete |[3¢ Delete All | Avange [O][@][@][2][@ Rotete.. | & scate... [ split J[ ) view | s Settings.. (5
Name Cop... Scale Print settings:
Xbis (fixed).stl 1 100% Dom w7 ‘ 5

Filament: .
Printer: | i
DOM - [

| =
_Export G-code... | -
Export STL...

Y =05

r__
[ =
1 . =
X=[115 r——
r—_

FR
Info 3
Size: 65.00 % 54.00 x 50.00 Volume: 5100899 i il
Facetz: 1528 (9 shells) Materials: 1 |El
Manifold: Ves 14:32

Loaded Xbis (fixed).stl |








