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Overarching Goal

« Make Additive Manufacturing (AM) data FAHRindable, Accessible,
Interoperable, and Reusable

« Lack of a common vocabulary, common representation, and common
exchange formats all hinder these goals

* According toGO FAIRthe FAIR Principles include:

Findable: “Metadata and data should be easy to find for both humans and computers.’

Interoperable: “(Meta)data use a formal, accessible, shared and broadly applicable
language for knowledge representation.” and

Reusable: “... metadata and data should be wdel$cribed so that they can be replicated
and/or combined in different settings.”


https://www.go-fair.org/fair-principles/

Common Data Model in context of CDD and CDE

Common Data Dictionary >>

build ID —globally unique identifier
of a build, of type string

powder lot ID —globally unique
identifier of a lot of powder, of type
string

powder reuse number —the
number of times the powder has
been reused, of type int 0

ASTM F34921

Defines terms, but no
structure/relationships —good
for humans, not machines

Common Data Model >>

Build is a class,
defined by buildID with a single
value of type string,
defined by powderLot with values

of type PowderLot. // by saying “with
values” I am stating that a single build
could use multiple powder Lots

PowderLot is a class,
defined by powderLotID with a
single value of type string,
defined by powderReuseNumber with
a single value of type int.

Defines logical structure and
relationships in a human - and
computer -readable format

Common Data Exchange Format

{
"Build": {
"buildID": “abe123-build”,
“powderLot": [
{ "powderLotID": “def456-powder”,
"powderReuseNumber": 2 },
{ "powderLotID": “ghi789-powder”,
"powderReuseNumber": 0 | ]
J
j

Defines format for systems to
share data, aligned to the CDM
in both structure and terms

The CDEF is built to exchange data modeled by the CDM, which puts structure around the CDD.
So, the CDEF builds upon the CDM, which in turn builds upon the CDD.



https://www.astm.org/f3490-21.html

Making Additive Manufacturing Data FAIR through a Common Data Model
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Excerpts from CDM (written in SADL)

ri "http://kdl.ge.com/AM-CDM-base” alias AM-CDM-base version "$Revision:$ Last modified on SDate:3".
Document (note “File of any type.”) is a class,
described by documentName with a single value of type string,
described by documentlocation with a single value of type string,
described by documentClassificationlevel with a single value of type string,
described by documentClassificationIPClass with u
described by documentURI with a single value of g rT MEH

/kdl.ge.com/AM-CDM-material” alias AM-(DM-material version "SRevision:$ Last modified on  SDat

Organization (note *An organization of various typesd "POTt “Mttp://kdl.ge.com/AM-COM-base".
3225:1523 Ei 3:g:::::::Z:;ZML”E;;ET"%:”;:;: ;? PouderLot (note “Unique lot of powder material used in one or more builds.

) is a type of Material,
described by organisationlype (nate *The type o :zz:zz: Ey virginor ssgtd (note “If the powder lot is new (virgin) or been used previously.”) with a single value of type strin
: R s % y reuseliumber (note "The number of tigasth D vcad__15 0 — -
described by organizationQualification (note "Def http://kdl.ge. Con/ A COM- system” alias AM-CDM-system version "$Revision:$ Last modified on  $Date:§".
described by organizationAddress (note "The addre . Eom—— - 3
described by organizationPhoneNumber (note “A ph “““;;::rEEZ;Ehysﬂ::TIZI;SS::::: °£niq'::tj:::11:§:]r' import "http://kdl.ge.com/AN-CDM-material”.
described by organizationPointofContact (note "I Gencribed by materialType (note “Gameric materis
- . . described by materialGrade (nots "Standard grade|oYStem (note "System information.”) is a class,
OrganizationType is a class, must be one of {eMateri deccribed by actuslchemistry (note "Chemistry chi :escqze: Ey systend (nwtet U::ﬁue 1dem;f1:r- of equiprent.”) with s single value of type string,
S ori : Look For Pink : o described by materialStock (note "Stock informati escribed by systeakiame (note EHliCKEscll T hen /kdl /M—(m— Tine AN-COM “SRevision:$ Last modified Date:s"
//orientation - look for Pink comments in Google § described by measurediaterislpropertics (note M described by systemtodel (note "Model name of a p: -ge-com process” alias process version "$Revision:$ Last modified on  $Date:s”.
mcsm“‘\{s specified by third partics, such @ described by systemManufacturer (note “The manufl, .. .
Person (note "Individuals and their primary credentic Jdescribed by specifiediaterialpropercies (notel described by systemType (note "The type of equips imPert "http://kdl.ge.com/AN-COM-systen”.
described by personID (note "Unique identifier Gescribed by predictediaterialProperties (";tg 1 described by systemserialNumber (note "The seria X »
described by personFirstName (note "First name described by parents (note "Parent or parents of described by systemPurchaseDate (note "The purch Occurent is a class. // defined in 60
described by personlasthame (note "Last name of P P described by systemOwner (note "The owner/organi n -
//described by personRole (note "Role of indivi i i E i K i o o - e = -
/described by personfole (note "Role of individll .. .. .0 ciockHistory MaterialPurchaseristory described by systeslocation (note BEpcgioeabioy P'"“iﬂ (r.‘;t: b" ‘S‘Ege;" s Eﬁ;“””g s Uri "http://kdl.ge.com/AM-(DM-build” alias AM-COM-build version "$Revision:s Last modified on  SDate:s".
described by personEmail (note "The email for thi " described by systemdodel (note "The model name of escribed by processStep (note "Sequence of even
: = MaterialStock (note "Information about a stock of mal i el (no T GLTS
described by personPhoneNumber (note "The phone described by materialStockForm (note "Form of a described by systemcalibration (note "Calibratiof ‘ . import "http://kdl.ge. com/AM-CDH-process”.
described by personQualification (note "Qualific described by materislStockouner {note “Owner/org described by maintenanceEvent (note "Maintenancel// Should Processstep be o :,fpe gg Process? i
described by personOrganization (note “Links per described by materialstockLocation (note "Physici described by software (note "Computer programs rf P"“‘izzi:fges”E;E“::::;zjmbzl"":nuiz E’:g;u:m: e{Praject (note " temporary endeavor undertaken to create one or more unique AM products or AW services. Links to all other informat]
irati ificati e - described by materialStockStorageEnvironment (n : ) i = described by projectID (note “Reference to the associated Project that produced this build. Links to Project record.”) with a s
OrganizationQualification (note "Details of qualificd e s ¢ SystemType is a class, must be one of {AMSystemType, SEK”EES Ey processID (note t'"mue lder‘h‘;ler N described b:l: s,‘o ect[le;(ol‘ (note "organization 2 4 a ‘)
. . escribed by processStartTime (note "Time when pr : : K htep://kdl ey Tins AM-CON-testInspectionCharacterizati ion "SRevision:$ Last
L o L described by materialpackagingRequirenents (not i 3 t < j described by projectSponsor (note "Provider of mduri p: -ge- com, estInspectionCharacterization” alias estInspectionCharacterization version "$Revision:§ Last
PersonQualification (note "Details of qualification/ ereniped bi 'mEl‘ialsm‘agﬂgwglmems ("5“ & lsystencalibration (note "calibration information.") :sscqge: Ey processEndTine (note hTmE‘whin le:t oo e b§ sro E(toﬁni“goréanimuw (note "0y
described by personQualificationNumberOftiours (n described by materislProductSpecification (note described by calibrationId (note “ID of a calibr Geseried [y 2semiorganization with 2 Sinele VAlMl  described by projectDistributionstatement (note §imPort "Wttp://kdl.ge. con/An-CoN-buil
described by calibrationDate (note "Date of mach: e Y FBenIRersoane Wi U ues of Bpe //described by projectdistributionControl (note
Qualification (note "Details of qualification/certif: described by materialPurchaseorderNumber (note I described by calibrationOperator (note described by processMachine with a single value described by projectRequirements (note "Documentd TestInspectionCharacterization (note "Any test, inspection, or characterization performed on any part or material specimen from any
described by qualificationType (note "The type deccribed by materislsupplior (note "Name of the described by calibrationPassFail (note described by processData with a single value of described by projectPlan (note "Document describ /7 acronyms bad :-(
described by qualificationLevel (note "The levell described by materialManufacturer (note "Name off described by calibrationResults (nete "The resull described by processparameters with a single valu described by projectStart (note "Start date of pl described by ticID (note "An identifier of the test, inspection or characterization type.") with a single value of type string,
described by qualifyingOrganization (note "The of " Tt described by machineCalibrationNotes (note "Comme described by processStandard (note "Standards us o5 o ; described by ticName (note "A short description of the test, inspection, or characterization.”) with a single value of type stril
described by vendorManufacturinglot (note "Uniqu ! ! fbrati Gememibed b controlpl o Fy described by projecténd (note “End date of proje
described by materialStockQuantityPurchased (not described by machineCalibrationReport (note "Teck escribed by processControlPlan (note Flocimen described by projectsuilds (note "Build(s) assod described by ticType (note “Type of test/inspection/characterization, such as test, fatigue test, etc.”) with a single v
Address is a class, described by projectStandard te "Set of st described by ticstandard (note “An identifier of the correspending standard used.”) with a single value of type string,
described by addressLinel with a single value of! ProcessParameters (note "Process parameters used for escribed by projectStandards (note "Set of stand | =~ G85cr e ticspecimen Wit lue o type Specime
described by dressline? with o i gl e 8 described by materialStockCertificate (note “LinfNORAMSYStem (note “Non AM system equipment/devices re described by processparameterid (note "Unique id described by projectQualityControlPlan (note "Dod// described by ticSpecimen with a single value of type Specimen,
escribed by addressline2 with a single value o described by materialStockCertificationDate (no . . | vP q described by projectQualityProcessControlPlan (n ) . . . ) . . .
described by city with a single value of type st Amsystem (note "Additive Manufacturing System Machine d bed by projectdeliveryDat, te "Request described by ticMaterialspecimen with a single value of type Materialspecimen,
described by stateProvince with a single value of] d ibed b hineA 't Dat: te "Date wh ProcessData (note "The direct/derived output that is Es{r‘l = y projectbeliverybate (note equestiy d ibed by ticPartExtract with ingl 1 F ot PartExt: +
: : : MaterialstockForm (note "Form of a material stock.™) escribed by machineAcceptancebate (note "Date Gescribed by processMonitorineDatar te B described by projectdistributioncontrol (note "L escribed by ticPartExtract with a single value of type Pa rac
described by postalCode with a single value of & described by systenProcessType (note "Process caf  described by processtonitoringbataType (note "TYBJ 4 ipd by projectDataset (note "Datsets generd  described by ticart with a single velue of type Part,
described by country with s single value of typell . Gies for mixing/blending - part of Material described by systemsubprocessType (note "Sub Praf it e iz’"ri;:g?:zg(ﬂggia Sampling freduen described by projectReport (note "Reports of the ) . . . . . " o ;
ParentMaterial (note "Parent materials used to gener: described by machineElectricvoltage (note "Voltag g e bY 8! e tometadat, B g o described by projectDataManagementPlan (note "Da described by ticStartTime (note "Start time and date of the test, inspection, or characterization.”) with a single value of type
PhoneNumber is a class, described by parentMaterial (note "The parent m described by machinePowerIntensity (note "Current escribed by processDatafietadata with a single va
described by phoneCountry with a single value of described by parentMaterialPercent (note "Perce: described by machinePowerFrequency (note "Power
described by phoneNumber with a single value of &

described by ticEndTime (note "

d time and date of the test, inspection, or characterization.") with a single value of type dat
L evervihing chat Fol Lo Ld be Fleched out Build (note "A Build is an action to make one or morg
described by systemInstallationQualification (nofj// Everything that follows should be fleshed out based (

described by ticlocation (note "The physical location where the test was conducted.”) with a single value of type Address,

H 2 eshe described by buildID (note "An identifier for an described by ticotes (note "Itemized descriptions of observations relating to the individual test, inspection, or characterizaty
aterialType (note “Generic/ideal material type.”) i described by systemOperationQualification (note §PreProcess (note "Pre-processing steps.”) is a type described by buildType (note "Description of the described by ticOperator (note "Identifier of the operator who facilitated the test, inspection, or characterization linking to
Country is a class, . ) described by materialane (note "Name of materia  described by systemfacility (note Name of the fl L L erial described by buildsinulation (note "Reference to described by ticPointOfContact (note "The name of the point of contact for the task being performed, if not the person performing

described by countryName with a single value of § 4 0 4 ) ) materialTypeDescription (note "Dese  described by machineHazmatRequirements (note "A P ( g g described by feedstockuaterial (note "Material d described by ticVendor (note “Identifier of Vendor/Supplier/Contractor who physically performed the test, inspection, or charact:
325@523 Ey mumyaip:azzo:e w1t: a 51ng%e vai described by basetlement (note "Base clement of described by machineCapability (note “Vendor praf L eoperations to prepare an M| described by quantityofeedstockiaterialused (na described by ticEquipnent (note “Identifier of Non-AN Equipment used during the test, inspection, or characterization.”) with a
escribed by countryAlpha3Code with a single va described by materialspecification (note "Ideal described by inSituMonitoringSystem with values P: P PR described by processingMaterial (note "Ancillaryl described by ticSoftware (note "Identifier of any Software that was used during the test, inspection, or characterizatien.") witl
described by countryCallingCode with a single va described by specificSubsystem with values of tyd . . . described by buildPlatform with a single value of described by ticProcedure (note “The procedure used if it is not from an existing standard.”) with a single value of type Docume:
rialSpecification (note "The ideal specification BuildPlatfornPreparation (note “Description of how the described by part (note “Parts built from this b described by ticDestructureVshonDestructive (note "Indication of whether the test, inspection, or characterization irreversibly
described by specChemistry (note “The chemistry 4 1nSituMonitoringsysten (note "The technology, includd =~ - tote: Th ot described by buildlan (note "Document that desd described by ticDurstion (note "The time that the Test took (Test only).”) with a single value of type Measurement, )
described by predictedProperties (note "The pre described by insituMonitoringSystemTechnology (ngPOStProcess (note CEMInER=CopeRuigpas B OtEsE described by buildSoftware (note "Software used described by ticEnvironment (note "The atmespheric conditions of the test environment.”) with a single value of type TICEnvironmd
ase described by inSituMonitoringSystemSensingType (f  described by postProcessType (note *Type of a po: described by buildorganization (note "Production|  described by ticResult with a single value of type TestResult.
MaterialProperties (note "Base class of material pr described by inSituMonitoringSystemSamplingRate . 5 = 0 described by buildlayout with a single value of
,. described by specificSubsystem with values of tyf HOtIsostaticPressing (note "Hot processing,) i i i TICType is a class, must be one of {Tensile, Creep}
escribes by orapirtyReorenceStantard (nece. 48 T i | desertbed by hotssostaierressingrrocessearaneterd (TS B L
InsituMonitoringsystemTechnology is a class, must be . . . /) described by buildSpecificsubeysiens (note "equig TestTYPe is a class, must be one of {Destructive, NonDestructive}.
. HotTsostaticPressingProcessParameters (note “Nominal §'/ © bed by anTneiouDat e Y
SpecificSubsystem (note "Describes equipment that caj ~ described by inertGas (mote "A non-oxidizing gas Generibed by :':i;d;u:f;ii“('(‘:uie e od dunmedTestResult is o class,
I described by vesselpressure (note "Pressure measull | Z 1. Co b gl scation (note "Place of an AM described by ticPassFail (nete "Indication of whether the results of the test, inspection, or characterization passed or failed
SpecificsubsystenType is a class, must be one of {Bus described by vesselTemperature (note “Temperature] 12000 50 |0 00l dommburation (note “Time fi described by ticResultMeasurement with a single value of type Measurement,
described by ticReport with a single value of type Document
//Build Specific Subsystems HeatTreatment (note "Heat treatment process.”) is a

) g — : described by ticMaterialProperty with values of type MaterialProperties.
described by heatTreatmentProcessParameters (nota| 2"t (note "Instances of part designs in the as-buil

described by partID (note “Identifier for the bul . . . N . . Fail}
= d esultStatus is a class, must be one of {Pass, Fail}.
S; ySte m HeatTreatmentProcessParameters (note "Neminal process described by partiase (note EEcHNeNSTonaln-megg

described by controlInstrumentType (note "rype of|’/ Wt does process mean in this context, how do m

muf
: ; . NonPedigreedTestResult (note "Vendor-provided extrinsic or intrinsic material properties.”) is a type of TestResult
: = described by pre th le value of t -
described by furnaceTemperature (note "Temperaturt o e b D i (n:tzlﬂgezi”: e described by testedMaterial (note *Material that was tested by the vendor of the material.”) with a single value of type Materia
described by inertGasRampUpRate (note "Ramp up ral Y P! & g 2
described b (note "Ramp dowt described by partCoordinateonbuild (note "The loflc, ;nen (note "Information specific to an individual specimen
d described by partorientation (note "The orientatdl P! ( P P

") with a single value of type string,
described by buildPlatformID (note "Identifier ;e“"?ieg EY specinentiass with a single value of type Measurement
described by buildPlatformiaterial (note Materis i i specinenProcessistory (note
described by buildPlatformMaterialGrade (note "S escribed by
described by buildPlatfornHeight (note "Height

A specimen refers to the actual coupon used for a test, inspection,
described by specimenId (note *The identifier of the individual specimen.”) with a single value of type string,
en BuildPlatfor 1 described by specimenDescription (note "A description of the specimen.
€ncy f rocess " descrsbed by bt

events in chronological order that occurred to a specimen after it existed in the bas
specimenDeviations (note "Description of any differences from recommendations made in the standards for specimen cor

/Partspecimen (note "A specimen that is extracted from a Part. Not to be confused with MaterialSpecimen”) is a type of Specin
B . | PartExtract (note "A specimen that is extracted from a Part. Not to be confused with MaterialSpecimen”) is a class,
l l I d / unique identifier...

described by parentPart with a single value of type Part,

described by specimenCoordinate (nete "The locatien that the specimen was extracted from the original part.”) with values of typ
. . . . described by specimenTestlocation (note "Location of the test, inspection, or characterization relative to the specimen.”) witl
Semantic Application Design Language (SABL)
https://github.com/SemanticApplicationDesignLanguage

Futurt

ork: more robust definitions of orientations with respect to each other

Test—lnspectionCharacterization °



https://github.com/SemanticApplicationDesignLanguage

Build-centric view (visualized ivemTHK

Document (note “File of any type.”) is a class,
described by documentName with a single value of

described by documentClassificationIPClass with

Organization (note "An organization of various types
described by organizationID (note "The unique id
described by organizationName (note "The name of
described by organizationType (note "The type on
described by organizationQualification (note "Del
described by organizationAddress (note "The addr
described by organizationPhoneNumber (note “A ph
described by organizationPointofContact (note "I

OrganizationType is a class, must be one of {eMateri

Orientation - Look for Pink comments in Google

Person (note "Individuals and their primary credentis
described by personID (note "Unique identifier o
described by personfirstName (note "First name o
described by personLastName (note "Last name of

jescribed by personfiole (note "Role of individ

escribed by personEmail (note "The email for th
described by personPhoneNumber (note "The phone
described by personQualification (note "Qualifici
described by personOrganization (note “Links per:

OrganizationQualification (note "Details of qualifica

PersonQualification (note "Details of qualification/s
described by personQualificationNumberOftours (ni

Qualification (note "Details of qualification/certif:
described by qualificationType (note "The type o
described by qualificationLevel (note "The level
described by qualifyingOrganization (note "The of

Address is a class,

described by addressLinel with a single value of
described by addressLine? with a single value of
described by city with a single value of type st
described by stateProvince with a single value
described by postalCode with a single value of ty
described by country with a single value of type

PhoneNumber is a class,
described by phoneCountry with a single value of
described by phoneNumber with a single value of

Country is a class,

described by countryName with a single value of
described by countryAlpha2Code with a single vall
described by countryAlpha3Code with a single vall
described by countryCallingCode with a single va

uri *http://kdl.ge.com/AM-CDM-base" alias AM-CDM-base version "$Revision:$ La

described by documentLocation with a single value of type string,

described by documentClassificationlevel with a single value of type str
described by documentURI with a single value of U™t NEtps//kd ‘mf’

type string,

import “http://kdl.ge. co

PowderLot (note "Unique
described by virginoi
described by reuseNus

Material (note "Specific,
described by material
described by material
described by material
described by actualch
described by material
described by measures

properties specifi

lescribed by speci
described by predicts
described by parents

iateriglstockHistory
MaterialStock (note "Infe
described by material
described by material
described by material
described by material

described by material
described by material
described by material

described by material
described by material
described by material
described by vendorMé
described by material

described by material
described by material

MaterialStockForm (note
// procedures for mixing]
ParentMaterial (note "Par
described by parentMs
described by parentis

MaterialType (note "Gener
described by material
described by material
described by bascEles
described by material

Base

erialSpecification (n
described by specChes
described by predicts

MaterialProperties (note
described by deriveds
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stInspectionCharacterization version "$Revision:§ Last n

on performed en any part or material specimen from any

terization type.”) with a single value of type string,
or characterization.”) with a single value of type stri
h as tensile test, fatigue test, etc.”) with a single w
rd used.”) with a single value of type string,

imen,

ion, or characterization.”) with a single value of type
or characterization.”) with a single value of type dat
conducted.”) with a single value of type Address,

ng to the individual test, inspection, or characterizaty
d the test, inspection, or characterization linking to
r the task being performed, if not the person performing
o physically performed the test, inspection, or charact
ng the test, inspection, or characterization.”) with a
during the test, inspection, or characterization.”) wit]
existing standard.”) with a single value of type Docume
the test, inspection, or characterization irreversibly
) with a single value of type Measurement,
envirenment.”) with a single value of type TICEnvironmg

test, inspection, or characterization passed or failed

properties.”) is a type of TestResult,
of the material.”) with a single value of type Materia

fers to the actual coupon used for a test, inspection,
") with a single value of type string,
with a single value of type string,

that occurred to a specimen after it existed in the bas
bn recommendations made in the standards for specimen cor

fused with HaterialSpecimen”) is a type of Specimen,
ed with MaterialSpecimen”) is a class,

Semantics Toolkit$emTH -
https://github.com/ge-semtk/semtk

described by spe(]menfeleo(al)on (note "Location of the te;t, inspection, or characterization relative to the specimen.
robust definitions of orientations with respect to each oti

B e ) uith value: of tyn

Test—lnspectlonCharacterlzatlon


https://github.com/ge-semtk/semtk

Material-centric view (visualized itvemTHK

uri “http://kdl.ge.com/AM-CDN-base” alias AM-CDM-base version "$Rew:

Document (note “File of any type.”) is a class,
described by documentName with a single value of type string,
described by documentlocation with a single value of type string
described by documentClassificationLevel with a single value of
described by documentClassificationIPClass with

uri "http://kd:

described by documentURI with a single value of

Organization (note *An organization of various typesf POt "Mt/ I:ID MaterizlStoc
described by organizationID (note "The unique id -
described by organizationtane (note "The name of |POMdertet (not O =
described by organizationType (nete "The type or! d“‘”fd o
described by organizationQualification (note "Det Sscribe
described by organizationAddress (note "The addre

described by organizationPhoneNumber (note "A phg @te|ial (MOte

N . . . - described

described by organizationPointOfContact (note "I described

. . . . described

OrganizationType is a class, must be one of {eMaterii described
Orientation - Look for Pink comments in Google 0 described =
described m

propert

Person (note "Individuals and their primary credentis
described by personID (note "Unique identifier of

ooooooooooo
g

described
described

described by personFirstName (note "First name of
described by personLastName (note "Last name of
jescribed by personfiole (note "Role of indiwidy
escribed by personEmail (note "The email for th
described by personPhoneNumber (note "The phone

ialstod
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