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Focus on FFF Process

Everything in this
presentation is in
relation to the

FFF

(fused filament
fabrication)

method of 3D printing
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Basic Casting Process

-

\ . Molten metal
Master shape pressed into poured into mold
/ sand and removed manually

Master

Master left in core
box to be burned out

Remove the final metal part
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Applies to Various Types of Sand Casting Patterns

One piece or Solid Pattern Split Pattern

Match Plate Pattern Cope & Drag Pattern
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Basic 2-Part Mold Process

Join the mold and pour
in a 2-part mixture

Remove final part
from the mold

Layup over mold master

3D Printed

o -

Quadcopters (2 sizes) by xack
Published on March 25, 2015

wiW. thingiverse. com/things
Greative Commons - Anibution - Nan-
Commereizl
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Advantages of 3D Printing for Casting & Molding

U.S. ARCHITECTURAL

LIGHTING

COMTEMPORARY RELEWAMCE

* Gain competitive
advantage

S50 000

anniialiv =
http://www.usaltg.com/
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But what
about the
surface finish
of fused
filament 3D
printing?

ntents are co ial and may not be u
fi 3DP, or affiliates. Property of 3D Platform
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Surface Finish to Nozzle Size / Layer Height Testing




Surface Finish Check with Profilometer

CAST MICROFINISH COMPARATOR
GAR ELECTROFORMING DIV.

CAST SURFACES

RMS I
olE 20-120
= INVESTMENT 0-200
C...9 SHELL MOLD 120-3%0
CENTRIFUAL - PERM. MOLD _20-300
PERMANENT
NORMAL
NORMAL.
900

Touch Probe
or Laser

3DP CONFIDENTIAL

Avg. size in lin or pum
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Sample #2

Nozzle

Infill

Extrusion Width
Layer Height

Surface Finish

0.6 mm
10%
0.63 mm

0.3 mm

200 Jin

3DP CONFIDENTIAL
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Sample #2

I11

PBG 08/17/2016 08:58:00 AM
LINEAR

A PACIFIC BEARING CO

0.6MM VOLCANO NOZZLE
3D PLATFORM - SAMPLE #2

Meas Result Geo Data X Mag: x122.506 Z Mag: x122.506 <Contour>

Evaluation Condition

Profile=R - Section=[1]
Standard
Kind of Profile:
Smplg Length{le):
Mo of Smplg(nle):
Le
Kind of Filter:
Ewvlin Length{lm):
Pre-Travel:
Post-Travel:
Smooth Connection
Mean Line Compensation

Compensation:

OLDMIX
R
0.25mm
T
0.25mm
Gaussian
1.75mm
0.4mm
0.125mm
Off

Off

Measurement Conditions

Instrument

Meas. Length(X)

Meas. Pitch

Measuring Spead

Z1-axis Range

Sampling Method

Z Gain Adj. Ratio
Symmetric Compensation

Stylus Radius Compensation
Polar Reversal

Inclination All

Straightness Compensation(¥-axis) Mon

SW-C4500
4. 7698mm
0.0005mm
0.50mmisec
0.8000mm
X-axis Pitch
1.000000
Mon

0.005000mem
Mon

Measured Result

Meas Cont  Meaas Value
Roughness 2D<SurfAnalysis_1=
Profile=R - Section=[1]

]

Ra 5.090um

0s

5MM LENGTH MEASUREMENT
7 SAMPLES @ .25MM EACH
**| Ra: 5.09um (200.4pin)

03

0z

I

ik}

- I e —— J S

[mrm]

542 5.3 544 54.5 =6 547 =8 54.0 55.0 551 552

55.7 55.3 55.9 56.0
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Sample #3

Nozzle

Infill

Extrusion Width
Extrusion Height

Surface Finish

0.6 mm
15%
0.78 mm
0.15 mm
146 uin

3DP CONFIDENTIAL
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Sample #3

Measurement Conditions
f f ” - - f
PB 08/17/2016 08:56:19 AM e
Profile=R - Section=[1] Meas. Length{X) 5.8330mm
. Standard OLDMIX Meas. Pitch 0.0005mm
LI N EAR Kind of Profile: R Measuring Speed 0.50mm/sec
Smplg Length{le): 0.25mm Z1-axis Range 0.2000mm
A PACIFIC BEARING CO Mo of Smplginle): 7 Sampling Method K-axis Pitch
Lo 0.25mm Z Gain Adj. Ratio 1.000000
0.6MM VOLCANO NOZZLE Gosson | [oymmetrcCompersation N
Evltn Length{lm): 1.75mm Straightness Compensation(X-axis) Mon
3D P LATF ORM - SA M P L E #3 Pre-Travel: 0.4mm Stylus Radius Compensation 0.005000mmi
Post-Trawvel: 0.125mm Polar Reversal MNon
Smooth Connection Off Measured Result
Mean Line Compensation Crf Meas Cont  Mezs Value
Compensation: Inclination All] 50 0hness 2D<SurtAnalysis_1>
Meas Result Geo Data X Mag: x188.5 Z Mag: x166.5 <Contour= Profile=R - Section=[1]
jmm] Ra 3.713um
22| 7 SAMPLES @ .25MM EACH
Ra: 3.71um (146.2pin)
0z
0.1
P i _—_d_f___\/_—_h AP e i T —
00
o1 —
0.2
|~
0.3
[mm] PLATFOR
36.2 38.3 36.4 5.5 386 367 368 36.9 7.0 w1 arz 73 T4 TR 76 3D TF M
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Sample #3

A PACIFIC BEARING CO
08/15/2016 09:36:31 AM
Meas Result Geo Data X Mag: x105.518 Z Mag: x105.518 <Contour>
[mim] Measurement Conditions
Instrument SN-C4500
10 .
0.6 VOLCANO NOZZLE
) Measuring Speed 0.50mm/sec
CYLINDER SAMPLE PROFILE Camping s P
MeasForce 30.0 mN
oE Z Gain Adj. Ratio 0.EUD6TS
Symmetric Compensation 1.0748mm
07 Straightness Compensation{X-axis) Non
’ Stylus Radius Compensation 0.021130mm
Polar Reversal Non
1]
05
04
03
0.4168m 0.3990mm 0.3989mm_ 0.3923mmy 0.4013mmy
(1
0.1 — e = _F__.___ e — _
0.1064m 0.1063m 0.10% 0.0988m n.1nm
0o s S s M S
0.1
01 80 or 02 03 o4 08 06 o7 08 08 10 11 12 13 14 15 186 17 18 1es 20 21 3D PLATFORM




Sample #4

Nozzle

Infill

Extrusion Width
Extrusion Height

Surface Finish

0.4 mm
10%
0.46 mm
0.1 mm

105 pin

3D Platform — Sample #4
Nozzle- 0.4 mm
Extrusion -

Infill; 109
Width: 0.46mm Height: 0. Imm

3DP CONFIDENTIAL
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Sample

#Ha

Measurement Conditions
f b - -} [
08: 1 ?-;20 IE‘ 08590 I l'aih‘.] Evaluation Condition Instrument SV-C4500
Profile=R. - Section=[1] Meas. Length{X) 5.2011mm
» Standard OLDMIX Meas. Pitch 0.0005mm
LI N EAR Kind of Profie: R Measuring Spesd 0.50mmisec
Smplg Lengthile): 0. 25mim Z1-axis Range 0.2000mm
A PACIFIC BEARING CO Mo of Smplg{nle): 7 Sampling Method X-axis Pitch
Le 0.25mm Z Gain Adj. Ratio 1.000000
0.4MM VOLCANO NOZZLE coussin | [cymmetr Compansation  hon
Evitn Lengthiim): 1.75mm Straightness Compensation|X-axis) Mon
3D PLATFORM - SAMPLE #4 |
Post-Travel: 0.4 mm Polar Reversal Non
Smooth Connection Off Measured Result
Mean Line Compensation Off Meas Cont  Meas Vabse
Compensation: Inclination Alf | oy nhness 2D<Surfanalysis_2=
Meas Result Geo Data X Mag: x334 41 7 Mag: x384 41 <Contour> Profile=R - Section=[1]
] Ra 2.867um
0.14
5MM LENGTH MEASUREMENT
nz| 7 SAMPLES @ .25MM EACH
. Ra: 2.67um (105.1pin)
0.08
0.06
0.04
0.0z
0.00 B T s
P - I g N = | I B e "
<002 —
-0.04
-0.06
-0.08
010
012
014
016 [mm]
4120 4122 4124 41.26 41.28 41.30 41.32 41.34 41.26 4128 41.40 41.42 4144 41456 4148 41.50 41.52 4154 4150 41.58 41.00 41.82 4184 41.60 41.83 4170 41.72 41.74 41.78 41.78 41.80 41.82
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Sample #4

PBC
LINEAR

A PACIFIC BEARING €O
08/15/2016 03:14:51 PM

Meas Result Geo Data X Mag: x183.751 £ Mag: x183.751 <Contour=

[mam] Measurement Conditions

Instrument SN-C4500
0.4 VOLCANO NOZZLE
045 " Meas. Pitch 0.0050mm
CYLINDER SAMPLE PROFILE e e

0.40 Sampling Method X-axis Pitch
MeasForce 30.0 mM

0.35 Z Gain Adj. Ratio 0.2ERETS
Symmetric Compensation 1.0748mm
Straightness Compensation(X-axis) Non

0.20 Stylus Radius Compensation 0.021130mm
Polar Reversal Non

0.25

0.20

0.15

0.10

0.2419mm
" 0.2379m 0.2444mm 0.2322mm

0.05

0.00

.08 \ - foe= .

0.0610m 0.0570m
™| 4 0.0559mm /

010 T

0156

020

0256

-016 -010 -005 OO0 005 D010 0415

020 025 ©030 035

070 075 080 085 020 065

100 105 110

3DP CONFIDENTIAL
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1.2mm Nozzle Testing
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Sample #5

Nozzle 1.2 mm
Infill 10%
Extrusion Width 1.40 mm
Extrusion Height 0.6 mm

Surface Finish 1,666 Hin

Note: 6 top, bottom, outside layers

Nozzle: 1.2mm
Extrusion - Wigth.

mple &
Infill: 10
1.4 mm Height: 0.6mm

6 Top, bottom, 4ng OUtside layers

3DP CONFIDENTIAL
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Sample #5

Measurement Conditions
fi f - - .
09’021 201 6 030932 PNI Evaluation Condition Instrument SW-C4500
Profile=R - Section=[1] Meas. Length{X) 6.7207mm
. Standard OLDMIX Meas. Pitch 0.0005mm
LI N EAR Kind of Profile: R Measuring Speed 0.05mmisec
Smplg Lengthile): 2. 8mm Z1-axis Range 0.3000mm
A PACIFIC BEARING CO, Mo of Smplg{nle): 2 Sampling Method X-aws Pitch
Lc 2.5mm Z Gain Adj. Ratio 0660332
1 - 2 M M VO LCA N 0 N OZZ L E Kind of Filter: Gaussian Symmetric Compensation Non
Evitn Length{lm}: 5.0mm Straightness Compensation{X-axis) Mon
3 D P LAT F 0 RM - SAM P L E #5 Fre-Travel: 1.25mm Stylus Radius Compensation 0.002000mm
Post-Travel: 1.25mm Polar Reversal Non
Smomh_Cnnneﬂ on ) Off Measured Result
Mean Lins t_:nmpen sation Off Meas Cont  Meas Value
Compensation: Inclination Al Roughness 20<SurfAnalysis_1=>
Meas Result Geo Data X Mag: x40.384 Z Mag: x40.364 <Contour> Profile=R - Section=[1]
[mm] Ra 42 327um
14 Rz E_20002
12
2 SAMPLES @ 2.5MM EACH
10| Ra: 42.33um (1,666.4pin)
04
0.8
04— B P E——
02
0.0
02 —1 -
S l_\-"\-\f“"-\-\__'____—— s P P e ————_ |
0.4
0.8
0.8
-1.0
-1.2
-1.4
frmm]
464 466 468 470 472 474 478 478 480 482 494 488 488 400 402 404 406 498 500 502 504 506 S0B 510 512 514 516 518 520 522

3DP CONFIDENTIAL
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Sample #6

Nozzle 1.2 mm
Infill 10%
Extrusion Width 1.40 mm

Extrusion Height 0.3 mm
Surface Finish 1,413 Jin

Note: 6 top, bottom, outside layers

3D Platform - Sample #6
Nozzle: 1.2mm  Infill: 10%

Extrusion - Width: 1.4 mm Height: 0.3mm
6 Top, bottom, and outside layers

3DP CONFIDENTIAL
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Sample #6

Measurement Conditions.
fl f . - f
Dg: 02, 201 6 0308‘ IB PN' Ewvaluation Condition Instrument SV-C4500
Profile=R - Section=[1] Meas. Length{X) 5.5304mm
= Standard OLDMIX Meas. Pitch 0.0005mm
LI N EAR Kind of Profile: R Measuring Speed 0.05mmJsec
Smplg Lengthile): 2.5mm Z1-axis Range 0.3000mm
A PACIFIC BEARING CO, Mo of Smplg{nle): 2 Sampling Method X-axis Pitch
Le 2.5mm Z Gain Adj. Ratio 0660338
1.2MM VOLCANO NOZZLE Kind of Fter Gaussian | |Symmetrc Compensation New
Evitn Length{lm): 5.0mm Straightness Compensation(X-axis) Mon
3 D P LAT F 0 RM - SA M P LE #6 Pre-Trawvel: 1.25mm Stylus Radius Compensation 0.002000mm
Post-Travel: 1.25mm Polar Reversal Mon
Smoeth Connection off Measured Result
Mean Line Compensation OFf Meas Cont  Meas Value
Compensation: Inclination All Roughness 20<SurfAnalysis_2>
Meas Result Geo Data X Mag: x40.284 Z Mag: x40.3584 <Contour> Profile=R - Section=[1]
[mm] Ra 35.800um
18 Rz E_20002
14
2 SAMPLES @ 2.5MM EACH
12| Ra: 35.89um (1,413pin)
1.0
08
08
04
02 ik s e e e Y NP I S S
0.0
-0z
-0.4 M i e h
08
08
-1.0
-1.2
[mim]
454 454 458 460 462 404 406 4863 470 472 474 476 478 480 482 48B4 486 438 400 492 484 406 408 500 502 504 506 G50B S510 512

3DP CONFIDENTIAL
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Sample #7

Nozzle 1.2 mm
Infill 10%
Extrusion Width 1.40 mm
Extrusion Height 0.3 mm

Surface Finish 1,416 Hin

Note: 10 top, bottom, outside layers

Infill: 10%

:1.2mm ;
Nozzle  Height: 03mm

Extrusion - Width: 1.4 m
10 Top, bottom, and outsid

e layers

3DP CONFIDENTIAL
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Sample #7

09/02/2016 02:58:50 PM

Measurement Conditions

432 464 468 468 470 472 474 478 478 480 482 434 4348 483 400 402 404 406 493 500

502 504 506

Evaluation Condition Instrument SV-C4500
Profile=R - Section=[1] Meas. Length{X} 5.7410mm
. Standard OLDMIX Meas. Pitch 0.0005mm
LI N EAR Kind of Profile: R Measuring Speed D.05mmisec
Smplg Lengthile): 2.8mm Z1-axis Range D.3000mm
A PACIFIC BEARING CO, Mo of Smplg{nle): 2 Sampling Method X-axis Pitch
Lc 2.5mm Z Gain Adj. Ratio 0.bG0338
1.2MM VOLCANO NOZZLE i of P Gavmsan | [Symmetic Compensaton N
Evitn Length{lm}: 5.0mm Straightness Compensation|X-axis) Men
3D PLATFORM - SAM PLE #7 Pre-Travel: 0.4mm Stylus Radius Compensation 0.002000mm
Post-Travel: 0.4mm Polar Reversal Non
Smooth Connection Off Measured Result
Mean Line Compensation Off Meas Cont  Meas Value
Compensation: Inclination All Roughness 2D<SurfAnalysis_1=
Meas Result Geo Data X Mag: x40 364 7 Mag- x40.3584 <Comtour= Profile=R - Section=[1]
fmim] Ra 35.881um
Rz E_20002
12| - SMM LENGTH MEASUREMENT
10 s -
Ra: 35.98um (1,416.6pin)
08
0.8
04 — —
0.2
0.0
02 ——————————
0.4
0.8
0.8
-1.0
12
-1.4
[mm]

508 510 512 514 516 518 520

3DP CONFIDENTIAL
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Full Size Part Analysis

W S e s Mk Hordaas) : C

x
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Surface Finish to Print Time Relationship

3DP CONFIDENTIAL

Sample #2 Sample #3 Sample #4 Sample #5 Sample #6

Filament Dia. (mm) 2.85 2.85 2.85 2.85 2.85
Nozzle Dia. (mm) 0.6 0.6 0.4 1.2 1.2
Extrusion Width 0.63 0.78 0.46 1.4 1.4
Layer Height 0.3 0.15 0.1 0.6 0.3
Top Layers 10 10 10 6 6
Bottom Layers 10 10 10 6 6
Perimeter Shells 10 10 10 6 6
Infill % 10 15 10 10 10
Infill Pattern Grid Grid Grid Grid Grid
Default Print Speed (mm/min) 4000 4000 4000 4000 4000
Surface Finish 200 pin 146 pin 105 pin 1,666 pin 1,413 pin

5.09 um 3.71 um 2.67 um 42.33 um 35.98 um
Estimated Print Time 171 hours 24 min 271 hours O min 547 nours 4 min | | 44 hours 48 min| 80 hours 36 min

7.1 days 11.3 days ~22.8 days 1.875 days 3.4 days

3P

3D PLATFORM
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Analytic Methodology

xts\svg- §
Es'r;ai :
83

i

e

it

* Test settings on a section of the part

* Adjust 1 setting at a time

— Layer height, extrusion width,
temperature, etc.

. Simplify3D (Licensed to Mark Huebner)

* Run simulations on the full part

Build Statistics

h Repair Tools Add-Ins Account Help

Feature Type Preview Mode

(] . Build time: & hours 24 minutes Travel
to analyze print times S AR |
Plastic weight: 335.59 g (0.74 Ib) Gap Fill IS
Material cost: 8.39 ol Ly
Infill
r 1 P ® Bridge
Dense S rt
I Sho' Vi Ra;{ge R
. Skirt/Brim
Build table |:| Travel moves Prime Pillar
I:‘ Toolhead I:‘ Retractions Oaze Shield

Coloring | Feature Type -

Real-time Updates
|:| Live preview tracking
Update interval 5.0 % sec

I27
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Design the Part for FFF 3D Printing

* Vertical surfaces produce best
surface finish

* Change curves or shallow angles
to 45° when possible

* Eliminate support material and
minimize scarring printing at 45°




Ways to Use Post-Processing

* Fill and sanding

* Material smoothing |

e ABS with acetone vapor SMDUTHQ

3DP CONFIDENTIAL

* Smooth-On treatment

e www.smooth-on.com

* Automotive techniques /
High-build primer

Video Links:

How to Achieve Mirror Finish in Large Format FFF Prints

I —

3D Print Post Processing - PLA L

Step One:
PPG brand Adhesive promoter DPX 801 ot A

P

Step Two: Fd =<

PPG brand High-Salid Clear DCU 2002 L <
(4 coats applied as a primer) E o
Step Three: = -
Wet sanding in preparation for

opague finish

Step Four:
Apply design, airbrush and final clear

How to Achieve Mirror Finish in Large Format FFF Prints: https://www.youtube.com/watch?v=UA420FMo-SU

I29 Post Processing in 3D Printing: https://www.youtube.com/watch?v=Bc-zTKs4 1Y



https://www.youtube.com/watch?v=UA42OFMo-SU
https://www.youtube.com/watch?v=Bc-zTKs4_1Y
http://www.smooth-on.com/

. U.S. ARCHITECTURAL
Casting Example s

Fill and sand lightly as needed

3D Printed
Master

©3D Platform. All Rights Reserved. All contents are confidential and may not be used without the written permission
I 30 from 3DP, or affiliates. Property of 3D Platform.
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Printed part ready for
prototype shop

SUP
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. U.S. ARCHITECTURAL
Casting Example e

— [\O|ten metal

Sand placed in a temporary core poured into mold
box, the 3D printed master pressed
into sand, and removed manually /

Aluminum Cast Prototype
5 WE O

3DP CONFIDENTIAL
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Y “.—,‘

. U.S. ARCHITECTURAL
Casting Example LGHTING

CONTEMPORARY RELEVANCE P°

* Final sanding on metal cast piece |
before final mold created for high W -D Pﬁr
volume production i o —

 Metal allows for easier use of tools Cast W
S Aluminum Ba
* Die grinder = /

&7
* Power sander

* Plays to metal
working skills

I 32 3D PLATFORM
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U.S. ARCHITECTURAL

The Bottom Line R e

* Old Way

* NEW Way

e Avg. cost - $3,000 per part

Qutside service bureau
Fragile SLA parts
2-3 week lead time

3D print strong PLA parts in house
Lead time cut to 2-3 days
40+ projects completed in year one

Savings - $50,000 annually

Decreased lead time for customer

“In what we saved versus going outside to
have things printed, the machine paid for

i . itself within six months.”
Gained competitive advantage Tim Carraher, Lead Engineer

SUP
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U.S. ARCHITECTURAL
LIGHTING

3D Printed PLA Masters

Cast Aluminum Prototypes
g)r"\ @ \\yyw«\ 7= —

@ ©

"/\(ﬁl &

3D PLATFORM
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U.S. ARCHITECTURAL
LIGHTING

CONTEMPORARY RELEVAMCE

3D PLATFORM




UMBC Mold Application

University of Maryland, Baltimore County

* UMBC chapter of SAE Race Team

* Process used ...

3D printed mold master

Light fill and sanding

Sealed with spray gel coat

Layup carbon fiber reinforced hood
Remove from mold

Trim, sand and paint to finish

3DP CONFIDENTIAL
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UMBC Mold Application

University of Maryland, Baltimore County

* Old Way

* Shape master by hand with a
variety of materials

* Process would take weeks
to months

 Difficult to hold accuracy

* NEW Way
e 3D print PLA part in 2 days
* Had carbon fiber layup in less
than 1 week
* Highly accurate shape due to
controlled print of master
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* PolySmooth™ and Polysher™

* Made smooth in alcohol mist / atomizer
http://www.polymaker.com/shop/polysmoothpolysher/

* PolyCast™
* Can be smoothed with Polysher™
* Complete clean burnout

http://www.polymaker.com/home/polycast-info/

I 38 3D PLATFORM


http://www.polymaker.com/shop/polysmoothpolysher/
http://www.polymaker.com/home/polycast-info/

RC) New and Developing Materials

* Graphene
* Clean burnout with pure graphene
* Testing with graphene blended materials

such as Haydale enhanced PLA

http://www.haydale.com/solutions/3d-printing-solutions/
http://shop.3dfilaprint.com/graphene-enhanced-pla-285mm-3d-
printer-filament-750gms-8527-p.asp

haydale

3DP CONFIDENTIAL

* Wax Filament from MachineableWax.com
* Can be sculpted and shaped after printing

* Clean burnout from mold
http://www.machinablewax.com/product.php?product=52

3D PLATFORM


http://www.haydale.com/solutions/3d-printing-solutions/
http://shop.3dfilaprint.com/graphene-enhanced-pla-285mm-3d-printer-filament-750gms-8527-p.asp
http://www.machinablewax.com/product.php?product=52
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