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1. Introduction 

Additive manufacturing (AM) is a manufacturing process that creates parts layer-
by-layer from 3D object models. AM provides an opportunity for huge reductions 
in cost for manufacturing parts when compared to traditional subtractive 
manufacturing methods. Significant investments are being made in R&D to 
additively manufacture parts and research new materials and processes. These 
programs generate huge amounts of data on materials, process parameters, and parts 
qualification. 

In January 2021, the Office of Under Secretary of Defense for Research and 
Development released a special report titled Department of Defense Additive 
Manufacturing Strategy, where DoD identified AM as “a versatile technology that 
provides technical advantages across a range of defense applications, essential to 
modernize national defense systems, increase materiel readiness and enhance 
warfighter innovation and capability” (Joint Defense Manufacturing Council, 
2021). The report outlines the vision that “AM will enable a more agile, adaptable 
and aligned defense supply base to outpace adversarial threats. AM will be a widely 
accepted manufacturing technology used across DoD and defense industrial base.” 
The vision statement further identifies that for DoD, “The digital thread, an 
ecosystem of interconnected systems, software and data, will accelerate use of AM 
by connecting information to physical processes more effectively, using advanced 
technologies like modeling and simulation, artificial intelligence, and machine 
learning.” 

This report describes research issues in AM data management that have been 
identified as important to the US Army and the US Army Combat Capabilities 
Development Command (DEVCOM) Army Research Laboratory (ARL) and 
outlines a research plan for addressing these issues.  

Section 2 describes the need for metadata standards for AM and our participation 
in activities addressing this need. Sections 3 describes an AM case study. Section 
4 describes some of the data elements in the Common Data Dictionary (CDD) 
discussed in Section 2.1. These were identified during the case study in Section 3. 
Section 5 describes some research issues that were identified and a research plan 
for addressing these issues in the following years. 

2. Additive Manufacturing Data Standards Development 

The ability to manage the metadata and data of a part throughout its life cycle is 
key to achieving the Army’s vision of a more adaptive, agile defense supply base. 
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The Additive Manufacturing Data Management Working Group (AM DM WG) is 
developing AM data standards. The working group is led by Yan Lu of the National 
Institute of Standards and Technology (NIST). The working group includes other 
members of the NIST Systems Integration Division.* The group includes members 
from ASTM International, which develops and publishes voluntary consensus 
technical standards for a wide range of materials, products, systems, and services.† 
Titles of a number of International Organization for Standardization (ISO) and 
American Society for Testing and Materials (ASTM) standards in AM are provided 
in the Appendix. The working group also includes members of ASM International, 
founder of the Computational Materials Data Network,‡ and SAE International, a 
developer and maintainer of Aerospace Material Specifications and Aerospace 
Standards for AM.§ The ASTM Additive Manufacturing Center of Excellence hosts 
the Annual ASTM International Conference on Additive Manufacturing (ASTM 
ICAM 2021).** The working group also has members from other federal agencies, 
DoD components, the materials and manufacturing industries, and academia, 
particularly in the fields of Material Science, Mechanical Engineering, and 
Computer Science. 

2.1 Common Data Dictionary 

The draft ASTM standard WK72172, New Practice for Additive Manufacturing – 
General Principles – Overview of Data Pedigree, builds on the base of the CDD 
work done by the NIST AM DM WG (forthcoming). The dictionary has identified 
classes of AM data and important terms for data that fit within those classes. The 
scope of this standard is to use this dictionary to create a practice for standardizing 
data elements that are collected during an AM process. The CDD will include the 
data element names, definitions, data types, and ranges needed to establish a base 
for sharing AM data across organizations. The data elements defined in the CDD 
are grouped into 15 information modules as shown in Fig. 1.  

                                                 
*www.nist.gov/el/systems-integration-division-73400  
†www.astm.org/  
‡www.asminternational.org/web/cmdnetwork  
§www.sae.org/works/committeeHome.do?comtID=TEAAMSAM  
**https://amcoe.org/icam2021  

about:blank
about:blank
about:blank
about:blank
about:blank
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Fig. 1 AM module names 

The definition of one of these modules, Build, is as follows (ASTM, forthcoming): 

Build: All the information generated during a single, AM process cycle during 
which one or more components are ‘built up’ in layers inside the process chamber 
of the additive manufacturing system. The Build data module acts as a central 
reference point for all data related to a build. It contains reference links to other 
modules involved in the build process (e.g., Material for feedstock information, 
Parts for information about parts produced in the build). 

Some of the Build data elements are shown in Fig. 2. 
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Fig. 2 Data elements in the Build information module 

2.2 Common Data Model for Additive Manufacturing 

The working group is beginning to develop a common data model (CDM) for AM. 
A precept of the working group is that the data that needs to be collected, managed, 
and preserved is dependent on the subsequent use of the data. Two of the primary 
uses of AM data are process repeatability and part-to-part reproducibility (Kim et 
al. 2017). Maintaining consistency across AM builds is a major challenge due to 
the effect that subtle variations in process, material, and geometry can have on part 
characteristics. Kim et al. (2017) propose the adoption of the concepts of digital 
provenance and digital thread to constrain and manage the variability across the life 
cycle of an additively manufactured part. 

There are many definitions of digital provenance. Perhaps one of the best in this 
context is one in which provenance is based on metadata. Per the Provenance 
Working Group, “[P]rocess-centered provenance [is] capturing the actions and 
steps taken to generate the information in question. For example, a chart may have 
been generated by invoking a service to retrieve data from a database, 
then extracting certain statistics from the data using some statistics package, and 
finally processing these results with a graphing tool” (2013). 
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Understanding the concepts of a digital twin and the digital thread is key to 
understanding the AM data management requirements. As explained in the article 
“What Are Digital Twins and Digital Threads?” (Gould 2018): 

A digital twin is basically a virtual version of a physical entity, whether product, 
factory, or some other type of asset or system. The digital twin unites business, 
contextual and sensor data to represent the physical object. . . . Digital threads refer 
to the digitization and traceability of product ‘from cradle to grave.’ The digital 
thread connects all the various capabilities in the digital twin back to the part 
designs, requirements and software that goes into the product represented by the 
digital twin.  

Digital thread and full traceability across a life cycle are synonymous. 

Based on these concepts, Kim et al. (2017) have identified an AM digital thread. 
They establish data models that will support the manageability and traceability of 
digital data sets with an emphasis on the powder bed fusion process. They present 
an AM information map (Fig. 3).  

 
Fig. 3 AM information map consisting of four tiers 

The AM digital spectrum tier consists of six activities: (A1) generate AM design, 
(A2) plan process–machine independent, (A3) plan process–machine dependent, 
(A4) build part, (A5) post-process part, and (A6) qualify part.  

Figure 4 shows the key attributes for part-to-part reproducibility in relation to A6, 
the testing and qualification process of a part, essential for measuring 
reproducibility. The key attributes are divided into five subcategories: geometric 
dimensioning and tolerancing, defects, microstructure, surface roughness, and part 
properties. From the identified key attributes, they develop conceptual data models 
to support the establishment of digital provenance through a digital thread.  
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Fig. 4 Key attributes of reproducibility in A6 

Figure 5 presents a high-level data package in terms of a product, process, and 
resources model. Reproducibility is the most inclusive and, thus, includes the entire 
data sets from the six processes.  
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Fig. 5 Conceptual data model of producibility, repeatability, and reproducibility 

Figure 6 shows the XML schema of the data package for activity A6, which is 
related to the conceptual data model for reproducibility in Fig. 5 (DataSets I–VI). 
The six data sets form a baseline data model. Three case studies are presented that 
demonstrate the producibility, repeatability, and reproducibility concepts. 

 

Fig. 6 XML schema of data package for reproducibility 
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2.3 Additive Manufacturing Ontology 

The working group plans to develop an ontology for AM. They are currently 
reviewing prior and current research in manufacturing ontologies. An AM ontology 
consists of generic, domain-independent knowledge that applies to all domains and 
encodes expert knowledge specific to the AM domain. Generally, an ontology of a 
domain consists of both generic and specific knowledge. A data model of a domain 
represents the specific attributes and relationships of the domain, and the database 
itself represents the facts of the domain. Since the ontology formally encodes both 
generic and specific knowledge of a domain, it is possible to automatically reason 
about that domain to include facts in the domain. For instance, one might be able 
to reason from the test results of an additively manufactured part the degree to 
which it met the part specification. 

An upper ontology (aka top-level ontology) is an ontology that consists of very 
general terms (such as “object”, “property”, “relation”) that are common across all 
domains. An upper ontology supports semantic interoperability among domain-
specific ontologies by providing a common starting point for the formulation of 
definitions. A number of upper ontologies have been proposed, including the 
Descriptive Ontology for Linguistic and Cognitive Engineering (DOLCE) (Masolo 
et al. 2003) and the Basic Formal Ontology (BFO) (Arp et al. 2015). 

The working group is investigating the use of the BFO as an upper ontology. In the 
BFO there are two primary entities: continuant entities, such as 3D enduring 
objects, and occurrent entities (primarily processes) conceived as unfolding in 
successive phases through time. Interrelations are defined between the two types of 
ontologies. A continuant domain ontology descending from BFO consists of 
entities existing at a time. Each occurrent ontology consists of processes unfolding 
through a given interval of time. BFO is a hierarchy of concepts as illustrated in 
Fig. 7. 
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Fig. 7 BFO hierarchy 

One of the languages used to represent BFO is the Web Ontology Language 
(OWL). The OWL representation can be loaded into the ontology editor Protégé* 
where it can be used to define other ontologies and be combined with other 
ontologies.  

BFO serves as the upper ontology of the ontologies being developed by the 
Industrial Ontologies Foundry, a group of industrial and academic organizations 
that are creating libraries of reference ontologies for reuse (Kulvatunyou et al. 
2018).† Hagedorn et al. (2019) present an ontology based on BFO, Relation 
Ontology‡, and Functional Basis Ontology (Fernandes et al. 2007) for additively 
manufacturing joint prosthesis. Ali et al. (2019) present an AM ontology based on 
BFO, the Information Artifact Ontology§ and the Common Core Ontology** with 
applications in dentistry product manufacturing.  

Sanfilippo et al. (2019) have developed an ontology for AM using the DOLCE 
upper ontology. In the DOLCE upper ontology, there are two kinds of entities, 
endurants and perdurants. Masolo et al. define the entities as follows (2003, p. 11):  

Classically, endurants (also called continuants) are characterized as entities that 
are “in time”, they are “wholly” present (all their proper parts are present) at any 
time of their existence. On the other hand, perdurants (also called occurrents) are 
entities that “happen in time”, they extend in time by accumulating different 
“temporal parts”, so that, at any time t at which they exist, only their temporal parts 

                                                 
*https://protege.stanford.edu/  
†www.industrialontologies.org/welcome-to-the-iof/  
‡www.obofoundry.org/ontology/ro.html  
§www.obofoundry.org/ontology/iao.html  
**www.cubrc.org/index.php/data-science-and-information-fusion/ontology  

about:blank
about:blank
about:blank
about:blank
about:blank
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at t are present. For example, the book you are holding now can be considered an 
endurant because (now) it is wholly present, while “your reading of this book” is 
a perdurant because, your “reading” of the previous section is not present now.  

The taxonomy of concepts in DOLCE is illustrated in Fig. 8. (Masolo et al. 2003, 
p. 14). 

 

Fig. 8 Categories in the DOLCE ontology 

3. DEVCOM ARL Direct Metal Laser Sintering Case Study 

This case study describes an experiment conducted in DEVCOM ARL’s AM 
laboratory (Aberdeen Proving Ground, Maryland); the 3D printing process is 
known as direct metal laser sintering (DMLS) (Khaing Fuh 2000), also known as 
powder bed fusion. The diagram shown in Fig. 9 illustrates the computer-aided 
design file processed to produce the input to the 3D printer, machines used to 
measure and characterize the metal powder feedstock, and the analysis of part 
properties. In this case, an impeller is the part to be produced. 
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Fig. 9 Direct metal laser sintering flow chart 

Figure 10 shows directories containing data from this DMLS experiment. 

+ 

Fig. 10 Directories of the DMLS case study data 

Solid modelling software such as AUTOCAD (AutoDesk 2021), SolidWorks 
(SolidWorks 2010), or CREO (PTC 2020) is used to create digital 3D model 
designs. In this case, the output of the software is a stereolithography (STL) file                   
(Burns 1993). The geometry directory shown in Fig. 10 contains a file defining the 
3D object. In Fig. 11, an STL viewer is used to display the object defined in the 
file. 
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Fig. 11 Image of the impeller 

The STEP file referred to in Fig. 9 is another file format for 3D models, and the 
letters in the name stand for “Standard for the Exchange of Product Data” 
(ISO/ASTM 2021). 

Some 3D printers need software such as Materialise Magic to preprocess the STL 
file to produce a printer-specific file (Materialise 2017). The geometry directory 
also includes a setup.magic file whose content is displayed with a viewer as shown 
in Fig. 12 (FileXT 2021). 
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Fig. 12 Contents of geometry/setup.magics file 

The industry is developing a standard 3MF for input to 3D printers (3MF 
Consortium 2018). 3MF is an XML-based format designed specifically for AM. It 
includes information that cannot be represented in the STL format. 

Each 3D printer has a machine parameter processor that produces a proprietary file 
unique to that printer; the processor contains parameters such as temperature and 
scan speed. In this case, STL files are stored in the file Machine-Process-input-
file/slices/17-4 print_setup.phxsys. The contents of this file are shown in Fig. 13. 
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Fig. 13 Contents of file 17_4_print_setup.phxsys 

The 3D printer is printing 2D slices to fill the 3D model volume. The STL files 
shown in Fig. 13 contain instructions on how to print each slice. The printer is a 
DMLS 3D printer. This printer uses lasers to fuse powdered metal to fabricate parts. 
The powder used in this case is stainless steel. 

There are machines that measure and characterize the inputs to the process. For 
example, a particle sizer measures particle size and outputs a powder particle size 
file, in this case the file powder-size-data/SS 17-4 powder Brandon.xlsx shown in 
Fig. 14. 

 

Fig. 14 SS 17-4 powder Brandon.xlsx file 



 

15 

There is also a machine that measures powder flow. This measurement aids in 
determining the adequacy of the spread of the material. Figure 15 shows a report 
produced by such a machine. 

 

Fig. 15 Powder flow-data/comparison report.pdf 

X-ray powder diffraction (XRD) is a routine analysis for powder characterization. 
“XRD analysis, by way of the study of the crystal structure, is used to identify the 
crystalline phases present in a material and thereby reveal chemical composition 
information. . . . X-ray diffraction is useful for evaluating minerals, polymers, 
corrosion products, and unknown materials” (Element Materials Technology 
2021).  

Dutrow and Clark explain, “The analyzed material is finely ground, homogenized, 
and average bulk composition is determined. . . . XRD peaks are produced by 
constructive interference of a monochromatic beam of X-rays scattered at specific 
angles from each set of lattice planes in a sample” (2020). Figure 16 shows the plot 
for XRD data for the 17-4 steel powder. 
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Fig. 16 XRD-data/17-4 steel powder.xlsx plot 

The diagram in Fig. 9 indicates that a chemical analysis of the powder can be 
performed to determine if it meets the specification for 17-4 stainless steel powder. 
17-4 powder is a type of stainless steel and its specification indicates its chemical 
composition as percentages of iron, carbon, nickel, and so on. We do not have data 
for the chemical analysis of the powder. 

The next steps are to look at the properties of the object manufactured. One of these 
analyses is X-ray computed tomography (CT). This is a nondestructive technique 
for visualizing interior features within solid objects and for obtaining digital 
information on their 3D geometries and properties. A CT image corresponds to 
what the object being scanned would look like if it were sliced open along a plane. 
The gray levels in a CT slice image correspond to X-ray attenuation, which reflects 
the proportion of X-rays scattered or absorbed as they pass through the slice 
(Ketcham 2017). Filenames containing xCT slices are shown in Fig. 17. 
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Fig. 17 File list of the folder for xCT-data/17-4 density/sample2/ 

The CT slices are stored in the dicom file format (NEMA 2021). Figure 18 shows 
the CT image of one of these slices. 

 

Fig. 18 XCT scan of the DMLS specimen file name: I0001.dcm 
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A microscopic optical analysis of the part can be performed. The directory of 
optical images collected for this part is shown in Fig. 19. The images can be 
collected in .tiff or .jpg format files. 

 

Fig. 19 Files in optical images directory 

An example of an optical image of the manufactured part is shown in Fig. 20. 

 

Fig. 20 Micrograph of the DMLS surface specimen file name: ARL 5 20 Rx Random.jpg 
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In addition to the primary part being manufactured, a specimen part is printed that 
is used in destructive testing to determine tensile strength (Fig. 21) and compression 
strength (Fig. 22). 

 

Fig. 21 Tensile-data/SS17-4_summary_properties.xlsx 

 

Fig. 22 Compression-data/ARL ROUND DATA.xlsx 
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Density and hardness tests are conducted to determine whether the part is within 
specification. Results of these tests are illustrated in Figs. 23 and 24. 

 

Fig. 23 Density-data/compression 17-4 samples archemedies.xlsx 

 

Fig. 24 Hardness-data/DMLS Tensile bar hardness Mapping.xlsx
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A digital photo of the additively manufactured part is shown in Fig. 25. 

 

Fig. 25 Image of additively manufactured part 

4. CDD Data Elements and Values from the DMLS Case Study 

While this case study was not conducted to collect CDD metadata, it will be used 
to illustrate some of the issues. CDD data elements were identified by searching the 
text of the CDD for terms from the case study filenames and terms in the content 
of the files. For example, in the Material Module, 17-4 Stainless Steel Powder is a 
value for the data element Material Name. In the AM System Module, Direct Metal 
Laser Sintering is a value for the data element AM System Process Type. The CDD 
does not include specific data elements for the details of AM technologies such as 
DMLS. Some CDD data element values are available for the 
Test/Inspection/Characterization Module (Table 1).  
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Table 1 Case study data elements for TIC module 

CDD ID MAIN/sub bucket Data element File name/data value 
TIC 8-1  Tensile Test 

Results 
 Tensile data/SS17-

4_summary_properties.xslx 
TIC 8-1-1  Ultimate 

Tensile Strength 
See Fig. 21 Ultimate Strength Tab 

TIC 8-1-2  Tensile 0.2% 
Yield Strength 

See Fig. 21 Yield Strength Tab 

TIC 8-1-3  Tensile 0.02% 
Yield Strength 

See Fig. 21 Yield Strength Tab 

TIC 8-1-5  Tensile Yield 
Point 
Elongation 

See Fig. 21 Elongation 

TIC 8-7  Hardness Test 
Results 

Hardness Value Hardness-data/ DMLS Tensile 
Bar hardness mapping.xlsx 

  See Fig. 24 column HV 
TIC 8-9  Density 

Characterization 
Results 

 Density Data/ compression 17-4 
samples Archimedes. xlsx 

TIC 8-9-1  Density See Fig. 23 
TIC 8-10  Particle Size 

Distribution 
Results 

 Particle size data/SS 17-4 Powder 
Brandon.xslx 

TIC 8-10  Particle Size 
distribution 

See Fig. 14 Plot 

TIC 8-10  Particle Size 
distribution 
mean 

See Fig. 14 Mean 

TIC 8-10  Particle Size 
distribution 
median 

See Fig. 14 Median 

TIC 8-10  Particle Size 
distribution 
mode 

See Fig. 14 Mode 

TIC 8-10  Particle Size 
distribution 
Standard 
Deviation 

See Fig. 14 S.D. 

TIC 8-10  Particle Size 
distribution 
Skewness 

See Fig. 14 Skewness 

 
Additional data elements and values were identified by analyzing the contents of 
files. The authors of this report plan to improve on this process by developing a 
user interface to an AM data records management application that captures essential 
information about an AM project. This task will be described in the next section of 
this report. This application will be used in validating the CDM with data from AM 
projects. However, the intended purpose is that it be used in managing the data of 
AM projects. 
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5. Additive Manufacturing Data Management Research Plan 

5.1 Actively Participate in the AM DM WG 

As described earlier, the AM DM WG is a major player in the development of AM 
data standards and data management research and development in the United 
States. Its members are from NIST, other government agencies, manufacturing 
companies, professional organizations, and academic institutions. The research 
activities described in this section will contribute to achieving the working group’s 
objectives. These planned activities will also contribute to the AM data 
management needs of DEVCOM ARL and the University of Maryland (UMD) AM 
research team.  

5.2 Prototype an AM Research Data Records Application 

At the time an AM research project or manufacturing project is initiated, there 
should be an application for defining, capturing, organizing, and maintaining the 
data that will be created during the project. This task is to prototype an application 
with a user interface for capturing the data about an AM research or production 
project. The initial prototype will be based on the types of information that are being 
developed in the AM CDM. The interface will be refined by use in entering data 
from DEVCOM ARL and UMD projects and possibly other AM research and 
production projects.  

ISO/ASTM 52900 defines seven process classifications for AM: Binder Jetting, 
Directed Energy Deposition, Material Extrusion, Material Jetting, Powder Bed 
Fusion, Sheet Lamination, and Vat Photopolymerization (2021). 

Per the SME Additive Manufacturing Glossary (SME.org 2021):  

[Powder bed fusion involves] the selective fusing of materials in a granular bed. 
The technique fuses parts of the layer, and then moves the working area 
downwards, adding another layer of granules and repeating the process until the 
piece has built up. A laser is typically used to sinter the media into a solid. 
Examples include selective laser sintering (SLS), with both metals and polymers, 
and DMLS. Selective Laser Melting (SLM) does not use sintering for the fusion 
of powder granules but will completely melt the powder using a high-energy laser 
to create fully dense materials in a layerwise method. Electron beam melting 
(EBM) manufactures parts by melting metal powder layer by layer with an electron 
beam in a high vacuum.  
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The case study described in Section 3 of this report involves DMLS. The user 
interface will capture data for that process as well as for other powder fusion 
processes. 

The purpose of this prototype is to support the creation of the CDM. It is a research 
tool that will reduce the number of metadata values research and manufacturing 
staff must enter for an AM project. It will be refined to automatically import data 
values from data files or the machine interface if that capability becomes available. 
The evolving prototype facilitates the development of the automated capture of 
metadata. The prototype will not be a single centralized data management 
application, but a data management application for each project. 

5.3 Collect DEVCOM ARL and UMD AM Product and Research 
Data 

AM is an evolving process that is highly subject to R&D. DoD, the National 
Science Foundation, and the National Institutes of Health have started to require 
data management plans for their sponsored research. Because the data is not stored 
and maintained in consistent formats and is not easily accessible, the data is seldom 
reused. In addition to capturing AM data for parts, we plan to collect data from AM 
research projects. 

On 11–12 August 2021, a number of university researchers presented their research 
in AM, material science, and data management to DEVCOM ARL. The UMD 
research topics are shown in Fig 26. 

 

Fig. 26 UMD presentations to the DEVCOM ARL AM Alliance Review  
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We plan to collect data from such research projects as listed in Fig. 26. It is believed 
that the metadata attributes for these projects will be the same as for AM of parts. 
Additional metadata, such as paper titles and citations, will be included as well.  

5.4 Develop a Tool to Support Construction of an AM Data 
Package for Submission to AM Data Repository 

Information developed during AM research projects may be relevant to the 
development of new products, reduce research redundancy, and inform researchers 
addressing similar research issues. An information package will be designed to 
capture data from AM research projects for submission to an AM data repository. 
The package will likely also be the container for the data stored in the repository 
and the data distributed from the repository.  

Java Archive (JAR) files will be explored as an AM dataset packaging option. JAR 
files are zip-compressed files that include a Java-specific manifest file. Jar files can 
also include XML files. Upon creation or modification by approved authorities, 
JAR files can be digitally signed. The JAR itself is not signed, but instead every 
file inside the archive is listed along with a secure hash algorithm value for each 
file. It is these secure hash algorithm values in the manifest that are signed. When 
the Java runtime loads signed JAR files, it can validate the secure hash algorithm 
values. Thus, modifications to files can be detected. Also, unauthorized additions 
and deletions of files from the JAR can be detected.  

The applicability of the Open Document Format (ODF) for packaging xml data will 
also be investigated. ODF is an open standard file format for spreadsheets, charts, 
presentations, and word processing documents using zip-compressed XML files. 
The standard was developed by a technical committee in the Organization for the 
Advancement of Structured Information Standards (OASIS) consortium. In 
addition to being an OASIS standard, it was published as an ISO/IEC international 
standard ISO/IEC 26300 – Open Document Format for Office Applications 
(OpenDocument).*†‡ 

AM research projects generate large volumes of data in Excel, PDF, and proprietary 
file formats. Proprietary 3D design formats, with some limitations,§ can be 
converted to neutral file formats such as STEP, STL, OBJ, AMF, and 3MF. 

                                                 
*https://www.iso.org/standard/66363.html  
†https://www.iso.org/standard/66375.html  
‡https://www.iso.org/standard/66376.html  
§ See the MBx Implementor Forum https://www.cax-if.org/index.php  
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Microsoft Excel can import XML data and map XML elements from an XML 
schema to worksheet cells, and export worksheet cells to XML data.  

The applicability of Adobe XML data packages will also be investigated. An XML 
data package is an XML file format that allows PDF content and/or Adobe XML 
Forms Architecture resources to be packaged within an XML container. 

5.5 Prototype an AM Research Data Repository 

The authors of this report plan to extend previous research by developing an AM 
research data repository prototype based on the DRAS-TIC Fedora architecture that 
supports linked data repositories and petabyte-scale collections (Jansen and 
Marciano 2019). Fedora does not include search indexing for discovery and 
delivery of records in the repository. Apache Solr can facilitate faceted search 
services for the content of a Fedora digital repository (O’Steen 2008). Additionally, 
Blacklight is an open source user interface web application with Solr support.* Solr 
and Blacklight can be used to develop a user interface for searching and using the 
indexed metadata. 

5.6 Create a Common Research Data Web Portal across AM 
Research Data Repositories 

Many different companies produce additively manufactured parts for DoD services. 
Rather than migrating the data sets for producing these parts to a single system, 
there is the option to leave those data sets with the original manufacturers in 
separate AM research data repositories while pooling their descriptive metadata in 
a single Blacklight and Solr web portal. The same holds for data sets of AM 
research projects with different material or processes or product types. A research 
data web portal would support searching for data sets across manufacturers and 
research groups using uniform metadata fields. It would provide standard network 
protocols for data requests, authentication, and authorization, and employ neutral 
data exchange formats. 

Initially, we will focus on AM research data repositories of AM research projects 
rather than data sets for additively manufactured products.

                                                 
*Blacklight: A multi-institutional open-source collaboration building a better discovery platform framework. 
https://projectblacklight.org/ 

about:blank
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6. Summary of Results 

This year, we began participating in the AM DM WG led by Yan Lu of NIST. The 
working group is completing an AM CDD to be published as an ASTM 
International standard. Recently, they began work on a CDM and an ontology for 
AM. Such a model provides common metadata for sharing data about AM 
processes and tests. An AM ontology can provide a common representation for 
sharing knowledge and for automated reasoning about AM process and test data. 

In 2021, the research literature was reviewed to identify issues in managing AM 
metadata. A research plan was formulated for addressing some of these issues. A 
CDM is needed to facilitate sharing and reuse of AM data. We are collecting both 
AM product data and research data, and using the CDD to assist the AM DM WG 
in creating a CDM for AM. 

In future years we will prototype an AM repository for data sets from completed 
AM production and research projects. We will also investigate packaging structures 
for AM data sets. 
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Appendix. Select International Organization for Standardization 
(ISO) Standards Related to Additive Manufacturing
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This appendix lists some of the current (published) ISO standards related to additive 
manufacturing. This is not an exhaustive list.  

ISO 10303-242:2020 

Industrial Automation Systems and Integration – Product Data Representation and 
Exchange – Part 242: Application Protocol: Managed Model-Based 3D 
Engineering 

ISO/TS 10303-442:2019 

Industrial Automation Systems and Integration – Product Data Representation and 
Exchange – Part 442: Application Module: AP242 Managed Model Based 3D 
Engineering 

ISO/TS 10303-1835:2019 

Industrial automation systems and integration – Product data representation and 
exchange – Part 1835: Application module: Additive manufacturing part and build 
information 

ISO 14649-17:2020 

Industrial automation systems and integration – Physical device control – Data 
model for computerized numerical controllers – Part 17: Process data for additive 
manufacturing 

ISO 17296-2:2015 

Additive manufacturing – General principles – Part 2: Overview of process 
categories and feedstock 

ISO 17296-3:2014 

Additive manufacturing – General principles – Part 3: Main characteristics and 
corresponding test methods 

NOTE: Will be replaced by ISO/ASTM CD 52927 Additive Manufacturing – 
General Principles – Main Characteristics and Corresponding Test Methods 
currently under development. 

ISO 22910:2020 

Corrosion of metals and alloys – Measurement of the electrochemical critical 
localized corrosion temperature (E-CLCT) for Ti alloys fabricated via the additive 
manufacturing method 

ISO 27547-1:2010 
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Plastics – Preparation of test specimens of thermoplastic materials using mouldless 
technologies – Part 1: General principles, and laser sintering of test specimens 

NOTE: Will be replaced by ISO/ASTM DIS 52936-1 Additive manufacturing of 
polymers – Powder bed fusion – Part 1: General principles and preparation of test 
specimens for PBF-LB currently under development. 

ISO 28219:2017 

Packaging – Labelling and Direct Product Marking with Linear Bar Code and Two-
Dimensional Symbols 

ISO/ASTM 52900:2021 

Additive manufacturing – General principles – Terminology 

ISO/ASTM 52901:2017 

Additive manufacturing – General principles – Requirements for purchased AM 
parts 

ISO/ASTM 52902:2019 

Additive manufacturing – Test artifacts – Geometric capability assessment of 
additive manufacturing systems 

NOTE: A newer version is currently under development. 

ISO/ASTM 52903-1:2020 

Additive manufacturing – Material extrusion-based additive manufacturing of 
plastic materials – Part 1: Feedstock materials 

ISO/ASTM 52903-2:2020 

Additive manufacturing – Material extrusion-based additive manufacturing of 
plastic materials – Part 2: Process equipment 

NOTE: A newer version is currently under development. 

ISO/ASTM 52904:2019 

Additive manufacturing – Process characteristics and performance – Practice for 
metal powder bed fusion process to meet critical applications 

NOTE: A newer version is currently under development. 

ISO/ASTM 52907:2019 
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Additive manufacturing – Feedstock materials – Methods to characterize metal 
powders 

ISO/ASTM 52910:2018 

Additive manufacturing – Design – Requirements, guidelines and 
recommendations 

NOTE: A newer version is currently under development. 

ISO/ASTM 52911-1:2019 

Additive manufacturing – Design – Part 1: Laser-based powder bed fusion of 
metals 

ISO/ASTM 52911-2:2019 

Additive manufacturing – Design – Part 2: Laser-based powder bed fusion of 
polymers 

ISO/ASTM TR 52912:2020 

Additive manufacturing – Design – Functionally graded additive manufacturing 

ISO/ASTM 52915:2020 

Specification for additive manufacturing file format (AMF) Version 1.2 

NOTE: A W3C XML schema definition (XSD) for the AMF is available from ISO 
from http://standards.iso.org/iso/52915 and from ASTM from 
www.astm.org/MEETINGS/images/amf.xsd. 

ISO/ASTM 52921:2013 

Standard terminology for additive manufacturing – Coordinate systems and test 
methodologies 

NOTE: A newer version is currently under development. 

ISO/ASTM 52941:2020 

Additive manufacturing – System performance and reliability – Acceptance tests 
for laser metal powder-bed fusion machines for metallic materials for aerospace 
application 

ISO/ASTM 52942:2020 

Additive manufacturing – Qualification principles – Qualifying machine operators 
of laser metal powder bed fusion machines and equipment used in aerospace 
applications 
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ISO/ASTM 52950:2021 

Additive manufacturing – General principles – Overview of data processing 

 

There are several subgroups within ISO that have been developing these standards. 
Each of these subgroups have their own scope and their own perspective on 
standards development related to additive manufacturing. The two subgroups listed 
below have produced the majority of published ISO standards related to AM. 

ISO Technical Committee (TC) 261 

ISO TC 261 has developed 19 ISO Standards (including updates), and they 
currently have another 34 standards under development. The scope of their work 
is, “Standardization in the field of Additive Manufacturing (AM) concerning their 
processes, terms and definitions, process chains (Hard- and Software), test 
procedures, quality parameters, supply agreements and all kind of fundamentals.”* 
There are 26 member organizations participating in TC 261 activities, including the 
American National Standards Institute (ANSI) representing the United States. 

ISO TC 184/ Sub-Committee (SC) 4 

ISO TC 184/SC 4 has developed 777 ISO standards (including updates), and they 
currently have another 34 standards under development. The scope of their work 
is, “Standardization of the content, meaning, structure, representation and quality 
management of the information required to define an engineered product and its 
characteristics at any required level of detail at any part of its life-cycle from 
conception through disposal, together with the interfaces required to deliver and 
collect the information necessary to support any business or technical process or 
service related to that engineered product during its life-cycle.”† In recent years 
ISO TC 184/SC 4 has produced several standards that tie additive manufacturing 
into the Standard for the Exchange of Product Data (STEP) family of standards – 
ISO 10303. ISO TC 184/SC 4 has also developed several standards that are 
currently going through the review process prior to publication that should be of 
interest. They are listed on the following page. 

  

                                                 
* International Organization for Standardization, Technical Committee 261, 
(https://www.iso.org/committee/629086.html) 
† ISO/TC 184/SC 4 Industrial Data (https://committee.iso.org/home/tc184sc4) 
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ISO/FDIS 23247-1 

Automation systems and integration – Digital twin framework for manufacturing – 
Part 1: Overview and general principles 

ISO/FDIS 23247-2 

Automation systems and integration – Digital twin framework for manufacturing – 
Part 2: Reference architecture 

ISO/FDIS 23247-3 

Automation systems and integration – Digital twin framework for manufacturing – 
Part 3: Digital representation of manufacturing elements 

ISO/FDIS 23247-4 

Automation systems and integration – Digital twin framework for manufacturing – 
Part 4: Information exchange 
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List of Symbols, Abbreviations, and Acronyms 

3D three-dimensional 

AM additive manufacturing 

AM DM WG Additive Manufacturing Data Management Working Group 

ARL Army Research Laboratory 

ASTM American Society for Testing and Materials 

BFO Basic Formal Ontology 

CDD Common Data Dictionary 

CDM common data model 

CT computed tomography 

DEVCOM US Army Combat Capabilities Development Command 

DMLS direct metal laser sintering 

DoD Department of Defense 

DOLCE Descriptive Ontology for Linguistic and Cognitive Engineering 

EBM electron beam melting 

ISO International Organization for Standardization 

JAR Java Archive 

NIST National Institute of Standards and Technology 

OASIS Organization for the Advancement of Structured Information 
Standards 

ODF Open Document Format 

OWL Web Ontology Language 

R&D research and development 

SLM selective laser melting 

SLS selective laser sintering 

STL stereolithography 

XML Extensible Markup Language 

XRD X-ray powder diffraction  
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