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What is TRACEAM?

3Degrees’ TRACEAM software is a streamlined platform designed to effectively
organize, analyze, and deploy critical technical data packages related to
Additive Manufactured parts. It is a secure and customizable interface ideal for
use in development and sustainment operations, enabling rapid and qualified
part solutions across DoD and its supply base. Engaged with several
commercial customers and have been part of five funded America Makes
projects.

Current Challenges

« 3D Printing materials qualification is SLOW (>18 months) and EXPENSIVE
(S1.5 million) per part per material per parameter set.

e 3D Printing technical data has become unmanageable due to the quantity,
speed, and variety of information coming through the AM workflow.

* Research, production improvements and technology adoption are limited
by disparate data sources, little coordination, no reproducibility

e Centralizing the collection and storage of this data improves data reliability
and frees up engineers time for higher impact activities
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Industry Listening Tour

* We’'ve completed over 100 customer discovery interviews
of potential commercial users. 96% of these organizations
had no formal structure for managing their AM data.

* Rather, they used basic spreadsheet tools (Excel) and had
no centralized strategy for leveraging this information.

* This was true not only for small companies (1-2 production
printers) but also the case for large organizations (3+
printers) that had already invested over a million dollars
into hardware

e Estimated $1-1.5 million dollars and 18 months to qualify a
single material on a single machine
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Initial Case Study

Problem Statement:

Currently, when users log into the America Makes Digital Storefront they see a
text-heavy dashboard listing historical projects, with project data is stored in a
variety of formats (e.g., Word, Excel, PDF). Although this is perfectly suitable for
accessing certain types of data (e.g., project final reports, TRX PPT
presentations), it makes it difficult for a member to see comparative data or
trend analysis.

Objectives:
We proposed to build a functional database utilizing 3Degrees’ TRACEAM

software, which is specifically designed to collate 3D Printing data according to i :
the workflows of the 3D Printing process A e
" Yoasbas

;E&-_Hﬂ.w-:ﬂ'_

| @ e

Team: |@ =
a ﬁ:\'ﬂl S L

- ‘Z‘Iilﬁil‘lfllb
D < =oecrees Deloitte. };ﬁi
SENVOL -

@ I v

eqxs aEIWMJ-
, d ar?':l!nllrz'q_

M N7 - atoration o _

NORTHROP
GRUMMAN |

g A | e e e, Wy

.q IR 001 - P
q BIha. B - aerebvwn
- -
a 1911 - Rt Liset
a i} - el Demars
Ay K1 v
- -
q BT - Rl Fary e
w

M K Manuration of

America Makes

@ NCDMM

Digital Storefront

........



@ 3SDEGREES TRACEAMI

Industry efforts to build AM data sets are already underway

* NASA is working with various industry and academic partners (led by
Auburn University) to help in the development of an initial database

of key properties from a number of alloys to help accelerate feasibility AM Alloys and Processes In-work
properties (not A-basis) and modeling efforts through the NASA
Material | = Process |~ Material - Process - Material = Process =
RAMPT program Haynes 282 L-PBF NASA HR-1 L-PBF Monel K500 LP-DED
Haynes 282 LP-DED RS PR Ll Monel K500 L-PBF
Hastelloy X L-PBF ﬁg L;'f::n GRCop-42 L-PBE
* Several AM alloys of interest have been characterized by various Hastelloy X LP-DED Cotr P8 GRCop-&2 LP-DED
. ) .. . . Inconel 625 L-PBF Colr LF-DED GRCop-84 L-PBF
commercial companies, however a majority of the data is proprietary Inconel 625 LP-DED —— R C-18150 LPBF
d t H bl Inconel 625 LW-DED Stellite 21 LP-DED TigAl-4v L-PEF
and not accessible nconel 625 N DED — T TeALay 06D
Inconel 718 L-PBF 155 LP-DED TiGAl-4v LW-DED
. . . Inconel 718 LP-DED 17-4 L-PBF TiBAl-4V EBW-DED
* Best practices applied from NASA MSFC-SPEC-3717 (along with MSFC- Inconel 718 AW-DED L2 LEDED Ti6242 L-PBF
Incomel 939 L-PBF R = Tib242 LP-DED
STD-3716) S B 1 RAr2 LPer GRX-810 L-PBF
Haynes 230 L-PBF E0G1-RANE LP-DED:
eCharacterization and evolution of the materials during heat Haynes 230 LP-GED 357 P8 GRX-810 LF-DED
Haynes 214 L-PBF Fis7 LP-DED Haynes 214-005 L-PEF
treatments Haynes 233 L-PBF 1000-RAMID L-PBF c-103 LP-DED
. 733 LP-DED Al 10Mg L-PEF
eRecommending heat treatment schedules ragnes AlSi oMg LP-ED
. . . . 55+ Alloys in characterization TATT L-PBF
eComplete basic mechanical and thermophysical property testing
eTensile from -320F through 1800F + *Data courtesy NASA and Auburn

eLow Cycle Fatigue at various strains from -320F through 1600F
eHigh cycle fatigue testing as allows at various strains
eThermal conductivity, CTE
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Currently developing lessons learned from digitally tagging and curating the NASA MSFC data
using TRACEAM in collaboration with the CDME at the Ohio St University
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Additivaly manufaciured Haynos 230 by laser powdar directod anorgy daeposition
(LP-DED): effoct of heat tre on mic ture and tensile properties

Murtabid Mubammad'?, Rera Ghisasiaan'" Paul R Gradl®, Shuai Shao'?, Nima
rm——

TraceAM

CDME &

“Natanal Conter for Additive Manulacturing Excallonce (NGAME), Aubum Uinbersity, p TR e Dby DR T pr Lot LD e o
Aubum, AL 36848, USA P P i
*Departrent of Mechanical Engineering. Aubum Univgrsity, Aubum, AL 36849, LUSA

INASA Marshall Space Flight Center, Propulsion Depariment, Hunsvilie, AL 35812, USA '
*Comesponding author: Ang, prais sie
auurm_edy : = l':lb.'l"-"ln‘iﬂr T
TRACE

Frhons: [334) B44-4830
Abstract

The micostructure and tensde mechanical properies of Haynes 230 fabricated
throwgh laser powder direcied enengy deposition (LP.DED) were mvestigated, warying
lemperabre heat trealments between S00°C 10 1177°C folkowing deposilion. Scanning
alectron micicacopy [SEM) was employed for microstruciural analyais, whitst lemsde lesting
wih ulilized o evaluabe the room emperature mechanical propares of the alloy, In an as-
deposied state, the initial microstructure consisted of callular y and MaC-WaCs carbides. The
onliular regions seem o be fully dsscohmd upon solutionizing at 1177°C for 3 hows, Following
post-deposition heat-reatments, the carbides were observed 1o precipiale and grow along

the: grain boundaries as well as in the inberior of grains. Solutionizing at 1177°C for 3 hours
following stress-relieving yelded beller ductiity and had anm insignificant effect on the
srength.
* : o
Data courtesy -

NASA and Auburn
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Additive Manufacturing Qualification Data Generation
AM Data SOUI'CQ DoD Labs, DoD Centers of Excellence, Existing Manufacturing Data Sets

Enabling the DoD AM Supply Chain

TRACEAM

Commercial Extension:

We are building on the work of our Phase Il DoD SBIR
by partnering with the DoD supply chain. Our aim is to AM Data User Part Part Part
create a path for federated, pedigreed, and validated Manufacturer Manufacturer Manufacturer

AM digital data and workflows that can extend to DoD

suppliers.
TRACEAM

AM Data Quality/Regulatory Organization

Reviewer Customer requirements/specification, industry standards, regulatory
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Discussions Points

File Edit View Bookmarks Settings Help

"members":[{"username":"LatimelJ","role": "Manager"},{"username": "mccreavi","role": "Manager"}
"},{"username":"sa-traceam","role":"Member"}], "resources":{"id":"/api/workspace/749edc7e-8b6
$ ./get-workspaces.rb | jq
% Total % Received % Xferd Average Speed Time Time Time Current
Dload Upload Total Spent Left Speed
0 0 0 0 0 (0] O o= ——i--i— =i (0]
663 100 663 O o 881 [} S mefes Qe ernpnogas  Gagl

1. What data are you wanting to manage (PDFs, text, numerical, graphs, etc.)?
2. How are teams interacting with the information (various stakeholders)?
3. How can we help people articulate a security strategy that makes sense?

4. What are the key insights that we want this data for? (ie Show me the last ten
builds and the average elongation at break.)
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