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https://www.3dhubs.com/what-is-3d-printing 

Additive Manufacturing Processes
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Powder Bed Fusion (PBF) Process

rocket motor throat 
(animation from Lawrence Livermore 
National Labs)

Apply a new layer

Melt the new layer

Platform movement
ITAMCO
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http://www.eos.info/press/case_study/additive_
manufactured_hip_implant

https://www.linkedin.com/company/intech-
dmls

http://www.turbocam.com/direct-
metal-laser-sintering-dmls

automotive biomedical aerospace

(Guo and Leu 2013)race car gear box (Guo and Leu 2013)

Applications and Potential Markets
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Challenges: Thermal Distortion and Build Failure
Gu, Meiners et al. 2012)

Layer Delamination

(Hudák, Šarik et al. 2013)

Thermal Distortion

(Zäh and Lutzmann 2009)

Crack Formation
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Many Tools: NONE optimize orientation with 
automatic support structures…

.STL 
File

Orient & 
Support

(30-45 min)

Simulate
(4-24 

hours)

Printer 
Planner

Software
(30 min)

Print 
the Part
(10-60 
hours)

The BLACK 
ART:  

Correct 
Orientation 
and Support 
Structures

Trial & Error
(Repeats 2-3x)

+/- $20,000

?

The linked image cannot be displayed.  The file may have 
been moved, renamed, or deleted. Verify that the link 
points to the correct file and location.

40% 
Failure 
Rate!

$15K+ / 
year

$50k 
software + 

$50k 
hardware
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A Solution from Atlas3D

Change 
orientation

Generate support

Physics 
model

Optimization loop
~100 iterations

§ Final goal: optimize part orientation 
and support to minimize thermal stress 
and distortion.

§ Require fast & reliable predictive 
physics models!
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Physics Models in Literature
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[1] Khairallah and Anderson, 2014
[2] Hussein, Hao et al. 2013
[3] Jamshidinia, Kong et al. 2013
[4] Dai and Shaw 2005
[5] Ammer, Markl et al. 2014
[6] Paul, Anand et al. 2014

our goal

Domain: 1000 x 300 x 50 µm
Time: ~1,000,000 CPU min

[2]

[3] [6]

Meso-scale Part-scale

[4]

[5]

3DSIM

Non-FEM approach
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Thermal circuit network (TCN)

group 3

group 2

group 1
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4th super layer

3rd super layer

2nd super layer

1st super layer

gr
ou

p 
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[°C]

Model Horizontal 
part

Vertical part Relative error

FEM 14 h 10 min 41 h 15 min <15%
TCN 2 min 18 min 43 sec <15%

TCN: an example
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Quasi-static thermo-mechanical (QTM)

Step I

Step II

Step III

Step IV TL: thermal loading

1st layer 2st layer 3st layer

Quasi-static
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Digital image correlation (courtesy of Wu and et al. at LLNL)

5 cm

316L 
stainless 
steel

Thermal distortion: simulation vs. experiment
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• DIRECT: pattern search / non-gradient method (Finkel 2003 
DIRECT Optimization Algorithm User Guide)

• Assumption: rotation about z has no influence on thermal distortion

Optimization Algorithm

(TCN + QTM)
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A Short Summary:

Change 
orientation

Generate support

TCN & QTM

.stl file: new STL file at optimal 
build orientation
.cli file: slicing file of optimal 
support structures

DIRECT Optimization
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User Interface (3 clicks)

Click 1
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User Interface (3 clicks)

Click 2
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User Interface (3 clicks)

Click 3
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Job Results
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Job Results
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Job Results: Support Structures

lattice cylinder
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What’s happening behind the scene…
Front End

AWS Back End

Core Algorithm
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Code Acceleration: CPU (MPI) + GPU (Kokkos)
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Flatness: 447 μm Flatness: 109 μm 
(A reduction of 
76%) 

Horizontal build Optimal build
Case Study: A Rectangular Bar
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Horizontal build

Optimal build

Case Study: An Orthopedic Part
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Case Study: An Engine Bracket
Min Supp. Vol.
Distortion: 1.08 mm

Min Distortion
Distortion: 0.4 mm

Min Build Time
Distortion: 0.99 mm

Min Supp. Rev.
Distortion: 1.01 mm
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Case Study: An Engine Bracket (Min. Supp. Vol.)

After post-processing:



27Distribution is Limited to America Makes Members & Government Partner Members

Successful build with right orientation…
Atlas3D Free Trial: https://atlas3d.xyz

Chad Barden
CEO 
chad@atlas3d.xyz

Brent Kephart
Executive Vice President
brent@atlas3d.xyz


