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Additive Manufacturing Processes
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Powder Bed Fusion (PBF) Process
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Applications and Potential Markets
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Challenges: Thermal Distortion and Build
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Many Tools: NONE optimize orientation
automatic support structures...
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A Solution from Atlas3D

Change
orientation

Generate support

Optimization loop
~100 iterations

= Final goal: optimize part
and support to minimize ther
and distortion.
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» Require fast & reliable
physics models!




Physics Models in Literature
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Thermal circuit network (TCN)



TCN: an example

Temperature distribution in 1 layer [OC]

1600

Temperature distribution in 1 layer

1400
0.03
0.025 F 11200
0.02
= 11000
g
£ 0015
1800
600
400

0.04
y(m)
Model Horizontal Vertical part
part
FEM 14 h 10 min 41 h 15 min

TCN 2 min 18 min 43 sec




Quasi-static thermo-mechanical (QTM)
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Thermal distortion: simulation vs. experil
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Optimization Algorithm

-~

DIRECT
optimization

« DIRECT: pattern search / non-gradient method (Finkel 20
DIRECT Optimization Algorithm User Guide)

« Assumption: rotation about z has no influence on the

Build orientation
(part rotation about
x and y axes)

S
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Objective function
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A Short Summary:

stl file: new STL file at optimal
build orientation

.cli file: slicing file of optimal
support structures

Change
orientation

Generate support
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DIRECT Optimization




User Interface (3 clicks)

Please clear your browser cache to ensure you run with the latest Sunata™ updates! Dashboard  Logout a

Files Upload new file Create nested job

View Archived Jobs

. :1_handle_fixed_remeshed.s C||

B5 engine bracket.stl v
e | Repair it oowniead | KRN B1 handle fixed remeshed.stl v
X B3 carburetorst [ Repai ite || oowntoxd | EERTEN 65902 1 A C70301061 A 2-SRC06 Transition left SLM.stl v
X B4engine piston remeshe [Repair Fite || Downlosd | RSN 3923160 am 2019 04 11.stl v
X B6_turbine_wheel.st| | Repair File || Download | [[EENSEA chipmunk_remeshed.stl v

110419Displaypart remeshed.stl

X B7 JnJ sample.stl l Repair File “ Download |




User Interface (3 clicks)

CREATE JOB FOR
B1 handle fixed remeshed.stl:

CHOOSE MATERIALS:

Advanced Options

[] Remesh your file for better resolution (Original geometry will be preserved)
[] create an additional job result that includes design modifications that compensate for thermal distortion (remeshing is required)

[ use this job's specifications for the next job

Prepare file for print run:

You can choose to orient your part manually. Sunata™ will automatically add support structures where you need them.
Caution - we do not guarantee a successful build when using this option.

Click 2

CHOOSE PRINTER:

EOSM290 v

Orient Manually




User Interface (3 clicks)

Start Job: choose your orientation optimization

Use the experience of “Design for
Additive" experts by weighing each of
the following 3 factors:

In order to select weights, please deselect
“Minimal distortion is most important".

aterial Consumptio

Use Atlas 3D's proven ability to
computationally minimize thermal
distortion.

Minimal distortion is most important

Use Atlas 3D's ability to find the least
amount of build time within a
constraint.

. Set a limit on maximum thermal

distortion

D Constrain the optimization to a range of orientations and/or specify faces of the part where supports should not be attached

Click 3 0




Job Results

Please clear your browser cache to ensure you run with the latest Sunata™ updates! Dashboard  Logout a

B1 handle fixed remeshed.stl

Optimization for minimum support

removal —— o View Archived Jobs
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$2780.84




Job Results

B1 handle fixed remeshed.stl

Optimization for minimum support
removal

test2
6/19/2019, 4:33:57 AM

Support Structure

Oriented Part

Optimization for minimum support
volume

test2
6/19/2019, 4:33:57 AM

Optimization for minimum build time
test2
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Optimization for minimum thermal
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Job setup i
fprinter: EOSM250
Material: Tié4
bowder layer thickness: 40 um
File name: B1_handle_fixed remeshed.stl
nit of STL file: mm

scaling of STL file:

STL dimensions before rotation:
input orientation:

Flement size:

p-ofeset:

kompensation flag:

support flag:

support size:

kritical angle for support:
Build plate temperature:
fLaser speed:

Laser diamster:

fLaser power:

Attempt Run time orientation
P 0 1 0.72 min -89.9 -131.
P 2 1 0.72 min -89.9 -131
P 7 1 0.72 min -89.9 -131
P S 1 0.72 min -89.9 -131
P 2 1 0.72 min -89.9 -131
2 1 0.73 min -89.9 -131.
P 4 1 0.73 min -89.9 -131.
P 1 1 0.73 min -89.9 -131.
P 3 2 0.66 min -89.9 -11.
P 1 2 0.71 min 30.1 -131
P 0 2 1.15 min -209.9 -131
P 2 2 1.22 min -89.9 -251
P s 2 0.52 min -89.9 -91
2 2 0.54 min -89.9 -171
P 3 3 1.05 min -49.9 -131.
P 0 3 1.22 min -209.9 -251.
2 3 1.27 min -129.5 -131.
P 1 3 1.62 min -209.9 -11.
P 2 4 0.53 min -129.9 -171
P 1 4 0.56 min 30.1 -11
P 2 4 0.57 min -129.9 -951
P 0 4 0.93 min 30.1 -251
P 3 5 0.57 min -209.9 =91
P 2 5 0.58 min -209.9 -171.
P 7 2 0.69 min -129.9 -118.

Job output information:

1
162.144 x 16.7411 x 59.735 mm
0.0 0.0 0.0

0.5 mm
40.0 degree
80.0 degreecC
500.0 mm/s
100.0 um

400.0 W

Objective Function Result

4 0.0 Max z disp.: 0.51 mm; Max y disp.: -0.43 mm; Max x disp
.4 0.0 Max z disp.: 0.51 mm; Max y disp.: -0.43 mm; Max x disp
.4 0.0 Max z disp.: 0.51 mm; Max y disp.: -0.43 mm; Max x disp
4 0.0 Max z disp.: 0.51 mm; Max y disp.: -0.43 mm; Max x disp
4 0.0 Max z disp.: 0.51 mm; Max y disp.: -0.43 mm; Max x disp
4 0.0 Max z disp.: 0.51 mm; Max y disp.: -0.43 mm; Max x disp
4 0.0 Max z disp.: 0.51 mm; Max y disp.: -0.43 mm; Max x disp
4 0.0 Max z disp.: 0.51 mm; Max y disp.: -0.43 mm; Max x disp
4 0.0 Max z disp.: 0.58 mm; Max y disp.:  0.75 mm; Max x disp
.4 0.0 Max z disp.: 0.30 mm; Max y disp.:  0.27 mm; Max x disp
4 0.0 Max z disp.: 0.64 mm; Max y disp.: 0.27 mm; Max x disp
4 0.0 Max z disp.: 0.31 mm; Max y disp.: -0.54 mm; Max x disp
4 0.0 Max z disp.: 0.32 mm; Max y disp.: -0.43 mm; Max x disp
4 0.0 Max z disp.: 0.62 mm; Max y disp.: 0.74 mm; Max x disp
4 0.0 Max z disp.: 0.33 mm; Max y disp.: -0.34 mm; Max x disp
4 0.0 Max z disp.: 0.31 mm; Max y disp.: -0.33 mm; Max x disp
4 0.0 Max z disp.: 0.72 mm; Max y disp.: -0.41 mm; Max x disp
4 0.0 Max z disp.: 1.36 mm; Max y disp.: -0.56 mm; Max x disp
4 0.0 Max z disp.: 0.95 mm; Max y disp.: -0.48 mm; Max x disp
4 0.0 Max z disp.: 0.68 mm; Max y disp.: -0.32 mm; Max x disp
4 0.0 Max z disp.: 0.35 mm; Max y disp.: -0.36 mm; Max x disp
4 0.0 Max z disp.: 0.42 mm; Max y disp.: 0.38 mm; Max x disp
4 0.0 Max z disp.: 0.33 mm; Max y disp.:  0.26 mm; Max x disp
4 0.0 Max z disp.: 0.86 mm; Max y disp.: -0.25 mm; Max x disp
0 0.0 Max z disp.: 0.38 mm; Max y disp.: —0.35 mm; Max x disp

-1

-1.
.93
-0.
-0.
-o.
-o.
.35

.28
-o.
-o.
-o.
-o.
-0.
-0.
-o.
-o.
-o.
-o.
-0.
.16
.92
-0.
.38
-o.
.06

28
28
28
28
28
28
28
81
39
52
32

37

51

04

32

55

39
93

;.

istol

Max

Max

Max

Max

disp.:
disp.:
disp.:
disp.:
disp.:
disp.:
disp.:
disp.:
disp.:
disp.:
disp.:
disp.:
disp.:
disp.:
disp.:
disp.:
disp.:
disp.:
disp.:
disp.:
disp.:
disp.:
disp.:
disp.:
disp.:

EEEERER R R RN RR RN RN T



Job Results: Support Structures
o lattice cylinder



What’s happening behind the scene...
—

Database

Payment Service
(Stripe)

v
-~
- Job Event

- User, Subscription, Job Job Results — Name Only S
g Purchase Job Submitted Management, Ik P
e Subscription Status Metadata Records

Orientation Viewer

Access Submitted File
—————————————————————— (Name Specified in Config Json — — — — — — —
With UseriD)

E N
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h
File Uploaded (Graphcool) _——
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I— ) > I With Config.json .
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Job Results Buckets




Code Acceleration: CPU (MPI) + GPU (

Sunata Processing Times
(Average simulation time during optimization)

e CPU Processing Time (Dec 2018) e GPU Processing Time (Jan 2019)

Amazon EC2 P3 Instance Product Details

GPUs - GPU 1-yr Reserved 3-yr Reserved
. GPU Peer Memory Network EBS On-Demand . .
Instance Size Tesla Memory vCPUs . R R Instance Effective Instance Effective
to Peer (GB) Bandwidth Bandwidth Price/hr*

V100 (GB) Hourly* Hourly*
p3.2xlarge 1 N/A 16 8 61 Upto10Gbps 1.5 Gbps $3.06 $1.99 $1.05
p3.8xlarge 4 NVLink 64 32 244 10 Gbps 7 Gbps $12.24 $7.96 $4.19
p3.16xlarge 8 NVLink 128 64 488 25 Gbps 14 Gbps $24.48 $15.91 $8.39
p3dn.24xlarge 8 NVLink 256 96 768 100 Gbps 14 Gbps $31.218 $18.30 $9.64

PROCESSING TIME

4.4 minutes

0.08 minutes 3 minutes
23x 43 x 54 mm with Low complexity 162x 64 x 107 mm with Medium complexity 248x233x201 mm with High complexity
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Case Study: An Orthopedic Part

Horizontal build




ase Study: An Engine Bracket
Min Distortion P&

Optimization: % r mir.n v n supoort voluma Create a distortion compensated STL file ) timization: for m nivnum thermal d's: >rtior, Create a distortion compensated STL file

l

Total distortion (post-support Total distortion (post-support
removal to stl) removal to stl)

Distortion due to residual Distortion due to residual

stress (post-support removal
to as-built part)

Distortion due to build
process (as-built to stl)

Z-Direction Displacement

stress (post-support removal
to as-built part)

Distortion due to build
process (as-built to stl)

Z-Direction Displacement

Y-Direction Displacement N Y-Direction Displacement
X-Direction Displacement > X-Direction Displacement

Displacement normal to part 3 Displacement normal to part
surface \ surface

I T e
\» \iMS -045\422 0.0000, 0.5422 1

Ui§tortion [mm]

Reset View Show Support Reset View Show Support
| = I 4

Optimizat:>a: fo- wi=ivum build time Create a distortion compensated STL file Optimization: fo- mini~—~un» support removal Create a distortion compensated STL file

Total distortion (post-support
removal to stl) \ / removal to stl)

Distortion due to residual ( ) g O Distortion due to residual |
stress (post-support removal z stress (post-support removal
to as-built part) to as-built part)

Distortion due to build @ Distortion due to build

process (as-built to stl) process (as-built to stl) I
N\ > < _ ~\

Z-Direction Displacement ol . O Z-Direction Displacement
Y-Direction Displacement 4 . O Y-Direction Displacement
X-Direction Displacement I\ — O X-Direction Displacement

Displacement normal to part ' @ Displacement normal to part
surface surface




ase Study: An Engine Bracket (Min. Supg

Reset View Show Support

—
Optimization: for minimum support volume Create a distortion compensated STL file

Total distortion (post-support 1

O
1 removal to stl)
O Distortion due to residual
stress (post-support removal
N to as-built part)
K

Distortion due to build
process (as-built to stl)

Z-Direction Displacement
Y-Direction Displacement
X-Direction Displacement

Displacement normal to part
surface

1 \ X L
1.0845 -0.5422 0.0000, 0.5422
Di,;tortion [m'm]




Successful build with right orientation... -

Atlas3D Free Trial: https://atlas3d.xyz

Chad Barden Brent Kephart
CEO Executive Vice President

brent@atlas3d.xyz

chad @atlas3d.xTz



