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Formative manufacturing

N - -

What is 3D M M 1 |

Printing?

Subtractive manufacturing

[/ 2

* 3D Printing is an
additive
manufacturing
process that creates a
physical object from

a 3D digital model

* Regardless of the
technology used, 3D
printed objects are

created layer-by-layer
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Pros and Cons of 3D Printing

Pros Cons

* Production runs
(greater # of parts)
are costly

* Less material choices

* Limited part
strength/longevity

e Less precision than
other manufacturing
methods

* Create complex
designs

* |terate quickly and
inexpensively

* Less waste

* No need for tooling,
molds, or fixturing
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The FFF Process Explained
Fused Filament Fabrication

e Also referred to as Fused
Deposition Modeling (FDM)

* A spool of solid plastic filament is
fed into a heated nozzle via motor,
where it is extruded in a melted

»
Wy

filament

form — —
. . X
* Linear motors move the extrusion

head over the build plate in “x”

and “y” directions, laying down

melted filament in the shape of

the 3D model and cooling it on top

of the build plate N — bl olatform
* Alead screw moves the build plate l

in the z-direction

heated nozzle

Z
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What Can | Do With the 3D Printer?

Complex internal
geometries

End-use Assemblies
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Basic Design Considerations

Using Supports
 Overhangs

* “Bridging”
Vertical Axis Holes

Build Direction & Resultant Strength
Warping/Build Plate Adhesion (Cura)
Layer-to-Layer Adhesion (Cura)

9
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Basic Design Considerations
Supports

:\\ //; LAYER 3

LAYER2

LAYER 1

* |In FDM printing, layers of melted plastic are laid down on top of subsequent solid layers and
cooled to form a continuous solid

* In the absence of a preceding solid layer of filament, a support structure is needed to
support the next layer to be laid down

* Essentially, if part of a layer would be printed over “thin air,” it will need a support
structure underneath it to bond to

* Supports can be easily removed once the print is completed
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Basic Design Considerations
Bridging

* Short for “bridging a
gap”

* Without a solid
structure for the
plastic to be extruded
onto, it must be
cooled and solidified
mid-air

* For a shorter bridging
distance, support
structures may not
be needed
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Basic Design Considerations

ﬁitute of Technology

Overhangs

Measured by the angle
between your part
geometry and a vertical
line coming up from the
build plate (like the lead
screw)

As this angle increases
past 459, there is less
material below the newly
extruded layer to support
it

This results in poor layer
adhesion or curling from
differential cooling
Again, supports solve this
problem
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Basic Design Considerations

Vertical Axis Holes

* The compression of extruded
layers is not accounted for by Force applied by nozzle

* Either chase vertical axis hole
with a file or reamer OR

oversize diameter in CAD Post compression
. extruded layer shape
design

our slicing software (Cura) lo compress layersio
. . improve adhesion

e This compression causes B
printed holes to be smaller in | Slicer diameter | 3
diameter than stated in the . 3
. Pre compression [
CAD deS|gn extruded layer shape . Aelsldiametes 2
.%
g

Cross-sectional view of extruded layers
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Basic Design Considerations
Build Direction & Resultant Strength

Tension load -
normal to layers )
Part is weak i ;

Bending load
normal to layers
Part is strong

E
Tension load

parallel to layers T

Part is strong Bending load
parallel to layers

Part is weak
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PLA (Polylactic Acid)
PETG (Polyethylene

Available Materials =~ [cr
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Workflow

CAD Software

STL file

https://ultimaker.com/en/ o
products/ultimaker-cura- Sllcmg Software

software
.ufp file for printing,

.3mf project file

Ultimaker 3

3D Printer

Completed 3D Printed Part

H. _ NEWARK COLLEGE OF ENGINEERING
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Exporting a .STL File

What is an .STL file?

* A STereolithography (STL) file uses
triangle polygons to “describe” the
surface of a 3D model

° 3 p OintS in Spa ce an d an Outwa rd https://all3dp.com/what-is-stl-file-format-extension-3d-printing/#pointone
direction (normal vector)

* This file will be interpreted by our slicing software, Cura
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Exporting a .STL File

Coarse vs. Fine

‘ 5 SOLIDWORKS il O-FrE-2-9 "; 8 =i Intro to 3D printing example part SLDPRT
a 9 I sweptboss/base @ @ Bswercw B B Jrb Egwep WY O

Extruded Revolved gL Lofted Boss/Base  Extruded Hole Revolved [l Lofted cut  Fillet Linear B prafe (DX Intersect Reference Curves instant3p
Boss/Base Boss/Base cut  Wizard  cyt Pattern ! Geometry
@ Boundary Boss/Base . @ BoundaryCut . . (W shell B Mirror . .
‘Fe“atures ‘ Sketch ‘ Eva[uate‘ DlmXpert‘ ¢“§' d ,;é @ﬁ @ N t] -®- e ﬂ -l
SIERS@ >

& @ Intro to 3D printing exam|

v [@]History

Sensors
4 Annotations
855 Material <not specified>
m Front Plane
[Q Top Plane
[ Right Plane

&l

I_, Origin
~ @] Boss-Extrude1
C (-) Sketch1
~ @) Boss-Extrude2
[ Sketch2

@80

 “Export” or “Save as” is typically where you can export as an .STL
* Most programs will have options for how your .STL will be created...
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Exporting a .STL File

Coarse vs. Fine

System Options - STL/3MF/AMF

{é} sead-[[S- 8 =245~ ntro to 3D printing example part.SLDPRT
| B @ Bswetcw B Jrb Egwep L RS

System Options  Document Properties

Drawings ~ | File Format: fed \:-ded Revolved (Jfl Lofted Cut ~ Fillet PL"“eaf B Draft 0 Intersect Reference Curves jngtant3p
izar attern eomet

Display Style STL - £ O Boundayct . - (W shell BH Mirror v

Area Hatch/Fill PLEEPB-O-o-@&-2-

Performance
ol Output as

(¢} . -
- @ Binary O ASCII Unit:  Millimeters i

Relations/Snaps
Display Resolution
Selection @® Coarse Deliatish
Performance
Assemblies O Fine Ly
External References O Custom Tolerance: | 0.00760821in
Default Templates SOLIDWORKS X
File Locations
FeatureManager Aldle l Triangles: 136

) = File Size: 6884 (Bytes)
Spin Box Increments File Format: Binary
Vi Tol : | 30.00000d :
A — Show STL info before file saving olerance: eg i;\;iﬂcﬁtgiiii\.gil;R\ONEDRIVE - NJITEDU\MAKERSPACE\INTRO TO 3D PRINTING
Hole Wizard/Toolbox [7_| Preview before saving file
File Explorer — Yes No
searth Triangles: 136 File size: 6884 (Bytes)

Collaboration

* The “Coarse” setting will create an .STL with the fewest number of triangles
* This decreases file size, but is a less accurate representation of 3D model
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Exporting a .STL File

Coarse vs. Fine

System Options - STL/3MF/AMF
) @ Seary.| E - Intro to 3D printing example part. SLDPRT
System Options  Document Properties g L=
. : @ @w [8 swept cut ke A rib Wrap LR
Drawings ~ | File Format: Holed Revolved (1 Lofted Cut  Fillet Linear B praft (0 Intersect Reference Curves jngtant3p
. v e Geomet
Display Style STL v T Boundaycut .o Wshel BMiror oL
- Area Hatch/Fill PLAPE-©-o-@R-2-
Performance
Eolors Output as
o
Bina ASCII Unit:  |Millimeters v
Sketch © Y O
Relations/Snaps
Display Resolution
Selection OCoa!se Deviation
Performance
Assemblies @ Fine
External References O Eustom Tolerance:  0.0029316in
Pefault Te.zmp!ates SOLIDWORKS X
File Locations S
ngle
FeatureManager g | Triangles: 184
Spin Box Increments E::z i::;:seg::xes)
e Show STL info before file savin Tolerance:  10.00000deg Save C:\USERS\TSUR\ONEDRIVE - NJIT.EDU\MAKERSPACE\INTRO TO 3D PRINTING
Backup/Recover 9 EXAMPLE PART.STL?
Hole Wizard/Toolbox
File Explorer o Yes No
S Triangles: 184 File size: 9284 (Bytes)
Collaboration

* The “Fine” setting will create an .STL with more triangles
e This increases file size, but is a more accurate representation of 3D model
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Exporting a .STL File

Coarse vs. Fine & Effect on Holes

e e

= e
*‘..-.-.1:%: --.‘
N L
____H___“CADModel \

||

* Curved lines from a CAD model are represented with straight lines in a .STL
 The more straight lines in your .STL, the more accurate your circle will be
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Ultimaker

I

Ultimaker

Ultimaker
NINWOKGL
]

* Open source, 3D printer slicing
application

* Cura “slices” .STL files into layers to
determine the optimal printing method

. d ts this int hi ifi
What |S Cu ra ? g?co(cjznver s this into machine specific

* This g-code is ultimately sent to the
printer for fabrication

NEWARK COLLEGE OF ENGINEERING
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Cura Main User Interface

G Ultimaker Cura
File Edit View Settings Extensions Toolbox Preferences Help
curda.

Prepare Monitor

R O

Adjustment Tools

Virtual Workspa

New Jersey Institute of Technology

ce |

LR

’ View Modes

| Extruder @

X
| Extruder @ ‘

Print Stats

Ultimaker Cura

Material [PLa v
e Print core [An04 v
- l Check compatibility
Print Settings Print Setup [ Recommended | custom |
Profile: [ Normal * v ]
| [ search. | =

°) = Quality

Layer Height
Skirt/Brim Line Width
J§ Sshell
Wall Extruder
Outer Wall Extruder
Inner Wall Extruder
Wall Thickness
Top/Bottom Extruder
Top/Bottom Thickness
3 Infill
Infill Extruder
Infill Density
Infill Pattern
Gradual Infill Steps
il material

%
3
I (

0.15

o
w
a
3
3

Not overridden O v

Not overridden O v

% % %

Not overridden O v

%

- -
3 3
< |3 | <

Not overridden O v

& | Not overridden O v
)i |15 %
) | Grid

Raadieta.cli

UM3_Intro to 3D printing example part V4
76.2 x 119.8 x 78.7 mm

00h 00min
0.00m / ~ Og

i

Prepare
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Adjustment Tools

Open File

Move

Scale

Rotate

Mirror

Per Model Settings

Support Blocker

Print Selected Model with Extrude 1

Print Selected Model with Extrude 2

H- 24 NEWARK COLLEGE OF ENGINEERING
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Adjustment Tools
Open

e Select your .STL file and it is placed on the
virtual build plate

 More than one .STL file can be placed on the
build plate at once

 Try opening a .JPEG!

H. 25  NEWARK COLLEGE OF ENGINEERING
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Adjustment Tools

Move

* Part can be moved in the X
& Y directions on the build
plate

* A positive or negative
number can be entered to
move the part relative to
its original position, or the
part can be dragged via
the red and green arrows

* The part will always snap
to the build plate (Z
direction)

A. NEWARK COLLEGE OF ENGINEERING
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Adjustment Tools

Scale

* The size (scale) of the
model can be uniformly
changed

e The size ratios defined in
the CAD model will stay
true if Uniform Scaling is
selected

* Scaling can also be
adjusted by percentage
value

H. NEWARK COLLEGE OF ENGINEERING
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Adjustment Tools

Scaling Issues
1 inch =25.4 mm

 Sometimes your .STL will be imported into Cura at a scale
corresponding to standard units!

* Determine a maximum dimension of your partinthe X, Y, orZ
direction from your CAD model (within your CAD software)

* Convert this dimension to millimeters

* Enter this value into the corresponding scale entry box

P S X [752 mm

Y [ 78.6911 mm

Z | 119.7993 mm

H. NEWARK COLLEGE OF ENGINEERING
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Adjustment Tools
Rotate

* The part can be rotated by
clicking on a dragging 1 of the
3 circles around the part

* The left button resets the
rotation back to its original
position

* The right button lays the
surface nearest to the build
plate flat to the build plate

* Snap Rotation snaps the
rotation to 15° increments

k,Tf NEWARK COLLEGE OF ENGINEERING
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Part Control Tab

Support Blocker

e Using the Support Blocker,
clicking on parts of the model
will create a cubic area where
no supports will be placed

* Clicking this area again will
remove it

». NEWARK COLLEGE OF ENGINEERING
ew Jersey Institute of Technology




Layer View

Cross-sectional View of Part by Layer
. swoed
| [

Extruder 1 Materi
Extruder 2 ®

Print ¢
I:I Show Travels

Show Helpers
el

Print

Profile

e Select this view in the drop down menu to the right of the preset view angles
e The vertical bar on the right can be moved to show each layer of the print

H. NEWARK COLLEGE OF ENGINEERING
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Configuration

Settings
Menu




Configuration Settings

Printer & Extruder Selection

Ultimaker 3 v

Extruder @ Extruder @

Material PLA v

Print core AA 04 v

Check compatibility

* The “self-serve” printer station has only Ultimaker 3 printers (default)
* The part on the virtual build plate should be printed with Extruder 1
 The material to be printed in can be selected, as well as the print core in the
Extruder 1 slot on the print head
* Don’t change print core settings! PLA must be extruded with an “AA” core

k,Tf NEWARK COLLEGE OF ENGINEERING
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Configuration Settings
Print Setup

Print Setup | Recommended I Custom |
Profile: | Normal * v |
= = * Inthese drop-down menus,
= Quality v the print settings can be
| Layer Height & | 0.15 mm | d . t d
i Skirt/Brim Line Width 1035 mm | adjuste
I shel v * These settings are linked
Wall Extruder & | Not overridden O v | a n d | nfl ue n Ced by a Profi Ie
Outer Wall Extruder & ot overridden O v .
e Lo retifln O | * Profiles are sorted by the
Inner Wall Extruder & | Not overridden O v | . .
s Tiiess [ | layer height of each layer in
Top/Bottom Extruder &P | Not overridden O v | th e p ri nt Vs
Top/Bottom Thickness | 1 mm |
EX Infill v
Infill Extruder & | Not overridden O v |
Infill Density ) | 15 %
Infill Pattern L® | Grid v |
: Gradual Infill Steps | 0 |

H- NEWARK COLLEGE OF ENGINEERING
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Layer Helght

‘..m-u--.-—--—*

High Quahty f — Low Qualltv

._.—,m---.--ru--v i e '-""""_

,__,..........“-u—---

Low Speed == e High Speed

NEWARK COLLEGE OF ENGINEERING
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Anatomy of a 3D Print

Top Layers

Infill

Outer Shell m

Bottom Layers

36
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Configuration Settings
Print Setup: Shell

- 4 shel _ * The shell makes up the
Wall Extrud Not idd v .
- o = outside surface of the part,
s Outer Wall Extrud & | Not idden O v . .
T . —— e"O and has a defined thickness
& Inner Wall Extruder Not overridden (U v .
| e The Wall Thickness should
Wall Thickness 1 mm .
: always be a multiple of the
g Top/Bottom Extruder & | Not overridden O v . .
< _ printers nozzle diameter
Top/Bottom Thickness 1 mm

8 _ * Increasing shell thickness
2 shells 5 shells will increase strength of
S the part (but use more
material)

* If you are drilling/tapping

10 shells 15 shells holes in the part, make

sure the walls are thick

enough
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Configuration Settings
Print Setup: Infill

* Infill makes up the volume

inside the shell of the part £ Infill v

* The Infill Density controls Infill Extruder & | Not overridden O v
the overall density of the Infill Density ) |15 %
part, and thus its weight Infil Pattern " [aria »
and stre ngth Gradual Infill Steps 0

* A higher infill density will
take more time to print and
use more material!

 There are various Infill
Patterns to explore, with

different strength
characteristics and build

times!
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Configuration Settings
Print Setup: Material Related

Il Material

Printing Temperature
Build Plate Temperature
Diameter

Flow

Enable Retraction

%imte of Technology

200

o

°C

2.85

mm

100

%

 The temperature that the
nozzle reaches while
printing can be adjusted

* The temperature that the
build plate reaches while
printing can also be
adjusted here

* These settings are linked to
the print material and
typically DO NOT need to
be adjusted (but can be!)
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Configuration Settings
Print Setup: Support

e Supports will be generated if

the box is checked L. Support v
 The Support Pattern can be Generate Support 2" [v
selected via drop down menu sipoi Exties & | e @Y
* (Zlg Zag is quite effeCtive) Support Interface Extruder o | Extruder 1 Qv
* Support Density would —— & [2g 220 9
control, in this case, how many _
Support Density & |15 %
zigs and how many zags are
used to support the printed
part
Concentric Lines Triangle Zig Zag

Q) \\\\ @ %
NJLT
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Configuration Settings
Print Setup: Build Plate Adhesion

*  Build Plate Adhesion creates additional
structures not present in the .STL file to ‘

i i } , ) = Build Plate Adhesion v
assist the first printed layer’s adhesion
to the build plate Build Plate Adhesion Type & | Brim v
*  Brim, Raft and Skirt are the types Build Plate Adhesion Extruder & |Extruder1 Ov
offered by Cura
. : . . Brim Width F |7 mm
*  Brim prints a single layer surrounding

the part’s first layer to prevent warping
on edges of part — should be used for
longer prints that might warp

* Raft builds a thick interface structure
between part and build plate,
particularly useful for ABS prints

e  Skirt prints a line around the part to
prime the nozzle before a build — should
be used for short prints with little risk of
warping

Bl Vodel
B skirt

<~ Skirt distance

. Model
. Brim

<~ Brim width

- Model layers

B Raft layers
Build plate
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Sending File to USB

Final Steps

AL ST 2 o / o

PR S SR /’ ]
s R Z Ready to Save to Removable Drive

~ / o / = R // = /

UM} Intro to 35pantln¢ e)(ample part /““‘“‘ 22h 03min
o Z# Save to Removable Drive v
s SRR 76 X 78 7 X 1} 19.29m / ~ 153¢g

e ol \‘“R.._ s,

* The estimated time of print is displayed at the bottom of this menu, as well as
the length of solid filament to be used and the expected weight of the print

* These numbers are a result of your print settings! Make changes accordingly!

* The file name and the dimensions of the bounding box of the print are also
shown in the bottom left corner of the virtual build space

e The file name can be changed. This will later show up on the Ultimaker 3’s
screen when selecting the print job

* When a USB flash drive is inserted, Save to Removable Drive appears. Click this to

save your machine program to the external USB, then click “eject”
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Don’t Forget to Save Your Project Too!

Final Steps
G Ultimaker Cura
File Edit View Settings Extens
New Project... Ctrl+N I
Open File(s)... Ctrl+O
Open Recent Ny

Save Selection to File

Save As...

Save Project...
Reload All Models F5

Quit

e Saving your project settings and not just the print job itself can be helpful if your
print fails and you need to make changes or you would like to revisit the print at a
later date
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Filling Out a Router

Before You Start Your Print!

NJLT | Makerspace 3D Printing

Maker Information
First Name

Last Name
UCID@nijit.edu

Print Job Start
File Name

Print Time (hh:mm)
Print Weight (g)
Print Material

Filament Color

Date (mm/dd/yy)

Total Paid ($2/hr)

Maker Approved

Staff Approved

Print Job Pickup
Date (mm/dd/yy)

Maker Signature

Staff Approved

ﬁitute of Technology

Rate: $2.00/hr

You will need to fill out a Makerspace 3D
Printing Router card!

This card will be attached to the printer to
signify that you are an authorized 3D
printer and your print is paid for

Once you are done slicing on Cura, a
Makerstaff staff member will mark down
the print time associated with your print
job and you will be charged accordingly
Mount the Maker and Staff approved
router card to the side of the 3D printer
you are using

Without this card attached to your printer,
your print job will be stopped!
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The Ultimaker 3 Printer &
Starting a Print

w_ ‘ Makerspace




Preparing the Ultimaker 3 for a Print
Quick Checklist

1. Insert USB drive with exported print job on it into
‘ Ultimaker 3 printer
2. Remove solidified plastic residue from both nozzles
on the printer

3. Make sure that the glass build plate is free from
hairspray residue and fingerprints/oil (using I.P.A.)

4. Select the “Print” option from the Ultimaker 3 top-
level menu using the jog wheel and select your print
job, which should be at the top of the list

5. After the Ultimaker 3 has automatically levelled the
build plate with both nozzles, it will pause to continue
heating the build plate. Spray the build plate with
hairspray evenly for less than 1 second

y VETwr g 025120 8
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F.A.Q.

 What if my print fails?
* The Makerspace will work with you to determine the cause of the print failure.
If the print failing was a result of steep overhangs or long bridging sections
that were unsupported (meaning your part wasn’t designed for additive), then

-
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F.A.Q.

e PLA or PETG?

PLA PETG

* Quick prototype prints « Durable, strong, slightly

« Painting or gluing as a post- flexible prints
processing step * Chemically and

* The print requires support environmentally resistant
structures prints

« Environmentally friendly « High temperature tolerance
prints required

« PLAIs not as durable as PETG has a temperature
PETG tolerance of about 75° C
 PLA supports are much
easier to break off than PETG
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F.A.Q.

 How do |l print with PETG filament?
* Let the Makerspace staff know you would like to use our engineering filament,
PETG. Also make sure to select the PETG material profile for nozzle 1 in Cura
while slicing your print
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F.A.Q.

* What other filaments do you have that can be used?

Ultimaker
Filament Name Diameter Color CRiantity
i i .
(Spools) These materials can only be
REd 1 . )
T : used via a Quote Request in
TPU S5 A 2.85mm .
Blue 1 the 3D print lab!
White 1
PVA 2.85mm Matural 85
PC (Polycarbonate) 2.85mm Black 1 MﬂfkfﬂrgEd X7
PP (Polypropylene) £.59mim Natural 2 Markforged X7 Spool length Quantity
e av On 800 cm’ 4
2.85 mm White 7 e 3
PLA : Keviar 150 cm 2.5
Silver 1,5 - -
195 mm St 7 Carbon Fiber 150 I:m] 3
White 1 HSHT Fiberglasses 150 cm 2.5
PLA XTR 2.85 mm pratiEs 1 Fiberglasses 150 cm” 2
2.85 mm Translucent Blue 2
PETG Translucent Red 1
3 mm Clear 2 Formlab
Silver 2 Formlab Resin Color Quantity
BCTG Lo ; Photopolymer Resin Black 2
PCTG + 2. 85mm 2t Flexible Photopalymer| Black 2
Silver 1
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F.A.Q.

* How do | remove my supports and brim structures?

e Carefully! For supports, these can typically be broken off by hand by
gripping the supports and slowly bending them from the part until
they snap off. Work your way around the part slowly. For stubborn
supports, use a pair of pliers from the tool chests.

* For brim structures, these can also be removed by hand but have a
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F.A.Q.

* | came to pick up my print and it isn’t in the printer...where is it??
e After your print is completed, if you are not here to remove it from the build
plate, a Makerspace staff member will remove the print for you, placeitin a
red plastic bin with your router card and store it at the front desk for you to

pick up. Please present your student ID when you pick up your print from the
front desk!
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Available Training Sessions
After this training, consider attending...

Intro to CO, Laser Cutting
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