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First: A disclaimer...Current workflow

GRANTAL]

s K.
JJ Contents

Mi-Additive Manufacturing Template 1.0.0 v You are exporting one record ('2X2301A") from table 'Material Batches'.

- Select an exporter from the list below.
o= = Projects
7-[] =) Reports The number on the right hand side ofthe table is the maximum number of recards that can be exported.
H-[=] (= Part Design Mo exporters for this database and table.

#-[=] =) Machines

H-[=] =) Machine Calibration
H-[=] = Materials

H-[=] =) Material Batches

f-[=] (=) AM Builds

i-[=] = Parts

t-[=] (=) Post Processing

f-[=] (=) Testing Series

f-[=] (=) Test Data: Tensile

]—-E » Test Data: Compression
#-[Z] =) Test Data: Creep

#-[=] = TestData: FCG

#-[=] (=) Test Data: Fatigue

#-[=] (= Statistical Data: Tensile
{-[=] (=) Statistical Data: Craep
H-[=] = Statistical Data: Fatigue
#-[=| = Design Data

#-[=] v Tools

o OO g B e OO g O OO o OO e O e OO ey O e OO OO e OO e OO e O e OO o OO e OO OO e B e OO

Version 1.0.0 of the MI AM template has very few exporters “built-in”.
Granta and the AM working group will no doubt add more in the future.




That’s not to say we can’t already
store useful data!

i Help
A Quick Search =\ Settings

View Tools Units

_' Contents |

{Mi-Additive Manufacturing Template 1. Beam Location with Respect to Additive Material Q in

Projects Three-Dimensional Beam Profile

4

el

Reports

Part Design

Machines

Machine Calibration
Materials

Material Batches

=i+ AM Builds

W () Subset:Builds (Default)

Kl

4

4

“

4

= Beam Diameter at Workpiece (Spot Size) 0.157 in
[=I-‘mal] + Blown Powder (Laser beam
B = Ti-6Al-4Y w Substrate Information
“““ «12013-04-15 CLAD-23
u Substrate Material Ti-6Al-4V

“““ B -~ 2013-04-16 CLAD-23
B +2013-04-17 CLAD-23 Substrate Manufacturer Titanium Metal Supply, Inc
“““ B -2013-04-17 CLAD-23
“““ B - 2013-04-17 CLAD-23,

| (v Parts

~ Post Processing

|| (=) Testing Series

|+ Test Data: Tensile
[T+ Test Data: Compression

={7] (v Test Data: Creep Layer [ m
¥ (v Subset Test Data: Creep (Defg

||+ Test Data: FCG 0 0 02 sensor reading 3 8ppm
||+ Test Data: Fatigue

v Powder Build Parameters

Powder Feed Calibration Date Thursday, March 07, 2013

¥ In-Process Analysis

Build Anormalities by Layer Hide table
'Save To Excel (CSV) Copy To Clipboard

+ Statistical Data: Tensile i i O TEIEET T ST
[Tl = Statistical Data: Cresp
20 1 02 sensor reading 18.6 ppm
<) Statistical Data: Fatigue S
~ Design Data 30 1 02 sensor reading 17.5 ppm, nozzle plugged » |
G|+ Tools
40 1 02 sensor reading 20.2 ppm
50 1 02 sensor reading 21.7ppm el




And there are some extremely basic
exporters already

_, Contents |

|Mi:Additive Manufacturing Template 1.0.0

Projects
Reports
Part Design
Machines
Machine Calibration
Materials
Material Batches
AM Builds
Parts
Post Processing
Testing Series
Test Data: Tensile
Test Data: Compression
Test Data: Creep
Test Data: FCG
Test Data: Fatigue
Statistical Data: Tensile
Statistical Data: Creep
Statistical Data: Fatigue
Design Data
Tools
&Y (v)Subset:Tools (Default)
1423~ Export

[=“@a) (= Creep

[=4m2 (=1 Single Record

B ~ Creep (Imperial)
...l =) Creep (Metric)
[=)%ag| = Relaxation

[=4m2 (=1 Single Record
B ~ Relaxation (Imperial)
..l = Relaxation (Metric)

[+~ Import

|| creep 20f3| A |~ 5]

K inas
QUICK Searcn N\ Settings

View Tools Units

' Part Information

Part ID L13L12

Part of Build 2013-04-15 CLAD-2321 01

~ Build ID

B - 2013-04-15 CLAD-2321 01

Samples from this Part

Cut-off Diagram
LIBLI2AATT
LISLI2AAEM
LI3LI2AAZM
—LISLIZAATT
LI3LI2AAZT
LI3LI2AASM
LI3L12AA4M
LISLI2AAT
LIBLI2AAST
LI3LI2AAI2M
LI3LI2AAN3T
LIBLI2AATOM— LISLI2AAT4M
\I LI3LI2AAIST
—— LI3LI2AATEM
CALED:D
LIBLI2AAL 7T
A
‘ LI3LI2AATEM
] —LI3LI2AAI9T
e - -
LI3L12AA20M
LI3LI2AANT—
Number of Samples Cut from Part 9

Description of Tensile Samples cut from this Part Hide table
'Save To Excel (CSV) Copy To Clipboard

[ specimenip | specimen tocaton

Specimen orientation

.




But: SNL already makes use of GRANTA
Ml data in designh and analysis

= Sierra Mechanics Exporter (J. Dike)

= Supply Temperature Dependent Response

= Multiple Alloys :>

= For use in statics code

= Drafting via Ml:Materials Gateway Tool (A. Machado)

= Direct access to public and SNL-specific materials information

GUARIO, CIICK, (Actiow] - Cross Pachmetrn

= Direct insertion into CAD models TR e s DS EEE A




Envisioned modes of data sharing

= Contribute to external database that uses Granta (e.g. ASM)
" Provide a raw database dump to other Granta users

= Allow web-based access to Ml
= We already do this for users of the SRN (can include non-Sandians)
= We plan to do this for the SON for a “proof-of-principle” project

= |nternally, we will allow integration with CREO

= We will use the export functionality built by the AM working
group and in-house




The MMPDS database gives an
example of the rich export possibilities

204 a Help
~ Settings
Il - Lot - = Do s i

GRANTRAR

1| Gontents || search

The number on the right hand side of the table is the maximum number of recerds that can be exported.

[ 13 results Vi
¥ Abaqus 6
M ! Linear, temperature-dependent, isotropic, Exports temperature dependent, isotropic data to the Abaqus format. If temperature dependent 50
thermal, plastic data is not available then room temperature data will be exported.
Profile

@ ii 3 5 F 50

MIPDS-08 Database - Linear, temperature-independent, isotropic,  £yports temperature independent, isctropic data to the Abacus format
thermal, plastic

Search term 304

» ANSYS MAPDL v15 (ANSYS Classic)

Save search | Refine sear .
| Linear, temperature-independent, isotropic Exports isotropic data to ANSYS MAPDL format. 50

v Results By Table 2 Tabl( s
() Linear, temperature-dependent, isotropic Exports temperature dependent, isotropic data to ANSYS MAPDL format. 50

Hide deta
v ANSYS Workbench v12 onwards

[E](+)MMPDS-08 Data
MMPDS-08 Subset ) Linear, temperature-dependent, isotropic, Exports isotropic data to ANSYS Workbench format. Where temperature dependent data is 50

mnpgggaugaa:ir B thermal, plastic available it will be exported, if not room temperature data will be exported. Where stress-strain

MMPDS.08 Subset curves are available they will be exported to the plastic hardening model

—
() Basic material data Exports basic material data to the MatlL format. 50
() Linear, isotropic Exports linear, temperature-independent, isotropic data to the MatML format 200
) Linear, temperature-dependent, isotropic Exports linear, temperature-dependent, isotropic data to the MatML format 200

() MAT1 (temperature-independent, isotropic, Exports data to the NastranNX MAT1 format. If a record contains a stress-sirain curve it willbe 1000

with MATS1) exported in the MATS1 format.
) MAT4/MATT (temperature-dependent, Exports data to the NastranNX MAT1/MATT1 format If a record contains a stress-strain curve it 1000
isotropic, with MATS1) will be exported in the MATS1 format

* Pro/ENGINEER Wildfire 5.0

@ L : . i 1
- Linear, temperature-independent, isotropic, £y ports temperature independent, isotropic data to the Pro/ENGINEER Wildfire 5.0 format.
thermal, plastic

¥ Pro/ENGINEER Wildfire 4.0

. . i 1
- Linear, temperature-independent, isotropic, £y ports temperature independent, isotropic data to the Pro/ENGINEER Wildfire 4.0 format
thermal, plastic

 SolidWorks 2011

@ Linear, elastic, isotropic Exports isotropic data to a SolidWorks material library file. 50

) Multilinear elastic-plastic hardening Exports temperature dependent, isotropic data to the Sierra Mechanics format. If temperature 50
(temperature-dependent, isotropic) dependent data is not available then rcom temperature data will be exported.

N | Next]

<




The Sierra Mechanics exporter was
built for us by Granta

GRANTARD B B N B0 = L=
oo

Ll Gontents || Search | Exported Data

Exported Data

13 results Vi
[ ) The export file for Sierra Mechanics (model 'Multilinear elastic-plastic hardening (temperature-dependent, isotropic )') is shown below

— #lodal Typa: Linear, temperature-dependant, isotropic 5
v Search Criteria #Unit System: SI (Consistent)

e #Export User: SANDIA\rak
rofe
#Export Date 2@15-04-
MMPDS-08 Database #Database Name:
#Table Name: MMPDS-@8 Data
Search term 304

#laterial Record History Id: 251049
Save search | Refine sear #

- BEGIN PROPERTY SPECIFICATIOM FOR MATERIAL "AISI 384 Annealed Plate Sheet Strip AMS 5513 S Basis™ il
v Results By Table 2 Tabl DENSITY = 7.91845e+3 #kg/m"3

BEGIN PARAMETERS FOR MODEL MULTILINEAR EP

AL YOUNGS MODULUS = 1.99948e+11 #Pa
+MMPDS-08 Data POISSONS RATIO = 2
MMPDS-08 Subset YIELD STRESS =
MMPDS-08 Database BETA = 1
= M,\’),"PPD%%'EOSUQ"S?‘E' o ment HARDENING FUNCTION = hardening_function_"AISI 384 Annealed Plate_Sheet Strip AMS 5513 S Basis” #Pa
JMMPDS-08 Database YOUNGS MODULUS FUNCTION = youngs modulus_function "AISL 384 Annealed Plate Sheet Strip AMS 5513 S Basis” #Pa

El

NS RATIO FUNCTION = on_ratio_function
YIELD STRESS FUNCTION = yield stress_function '
END PARAMETERS FOR MODEL MULTILINEAR EP
END PROPERTY SPECIFICATION FOR MATERIAL "AISI 3@4_Annealed_Plate_Sheet_Strip_ANS_5513_S_Basis”
#

304_Annealed Plate_Sheet_Strip._
I 364_Annealed Plate_Sheet_Strip_/

5513 5 _Basis" #[No Unit]
5513_S_Basis" #Pa

#
BEGIN DEFINITION FOR FUNCTION yield_stress_function “AISI_3@84_Annealed_Plate Sheet Strip AMS_5513_S_Basis”
TYPE = PIECEWISE LINEAR
ABSCISSA = temperature K scale = 1 offset = @
ORDINATE = yield_stress_Pa offset = @
BEGIN VALUES
-1.83333e-1,2.33097e+8
1.89278e+1,2.32756e+8 .
2.208389e+1,2.32272e+8

S Sarnn-.1 A aaron-.o 4

Save To Disk || Copy To Clipboard!




Exporters are coded in XSLT and can
be shared

1 kml version="1.8" encoding="utf-"?>
2 <!--3Rev: 50662 $-->

3 <xslistylesheet version="1.0" xmlns:xsl="http://wwmw.w3.org/1999/XSL/Transform” xmlns:fe="http://wmv.grantadesign.com/Granta-MI/exports” xmlns:xtn="http://ww.grantadesign.com/xnlns/xtension">
4

5 | <xsl:import href="CommonUtilities.xs1"/>

6 <xsl:include href="SierraMechanicsFunctions.xs1"/>

7

& <xslioutput method="text"/>

a

10 | <!--Some useful constants-->

11 <xsl:param name="nSigFigs" select="6"/>

12 ‘[No value]""/>

13 [No unit]'™/>

14

15 | <xsl:template match="tab">

16 <xsl:text>&$@9; </ xsl:texts

17 <xsl:apply-templates select="tab"/>

18 <xslicopy-of select="self::node()[not(tab) and not(*/tab)]"/>
19 </xsl:template>

20

21 <!-- Output the boiler-plate that we put at the start of each record section in the Sierra Mechanics file -->
22 <xsl:template name="writeRecordHeader”»

23 <xsliparam name="modelType"/>

4 #GRANTA Material Mame: <xslivalue-of select="xtn:escapeApos(string(@fullname))”/>
25 #odel Type: <xslivalue-of select="xtn:escapeApos(SmodelType)”/>
1)
7

#Unit System: <xslivalue-of select="xtn:escapeApos(string(/fe:FEAExport/fe:definitions/fe:info/fe:Unitsystem))"/>
#Export User: <xsl:value-of select="xtn:escapeApos(string(/fe:FEAExport/fe:definitions/fe:info/fe:user))"/>

28 #Export DateTime: <xsl:value-of select="/fe:FEAExport/fe:definitions/fe:info/fe:date™/>

29 #Database Name: <xslivalue-of select="xtn:escapeApos(string(/fe:FEAExport/fe definitions/fe:volumeDetails/@name))” />
38 #Table Name: <xsl:value-of select="xtn:escapeApos(string(/fe:FEAExport/fe:definitions/fe:info/festable))"/>

31 #Material Record History Id: <xslivalue-of select="firecordHistoryIdentity”/>

#
33 </xslitemplate>

35! <!-- Writes one of the MI PROPERTIES sections as part of the human readable pedigree attribute: Granta name of the attribue to look up in the initial XML -->
36| <xsl:template name="writePropertyValue">

37 attribute"/>

38 ‘modelAttributeName”/>

39 <xsliparam name="functionName"/>

10

41 <xsl:ivariable name="attrDefinition” select="/fe:FEAExport/fe:definitions/fe:attributes/fe:attribute[fe:Name = Sattribute]™/>
42 <«xsl:variable name="attr" select="fe:attributes/fe:attribute[@attributeID = $attrDefinition/@id]"/>

a3

44 <xslivariable name="outputText">

45 <xsl:value-of select="$modelAttributeName”/><xsl:text> = </xsl:text>

46 <xsl:choose>

a7 <xsliwhen test="$attr/fe:simplevalue"><xsl:apply-templates select="Sattr/fe:simpleValue"/></xsliwhen>

48 <xsliwhen test="$attrDefinition/@CESAttributeType='functional'"><xsl:value-of select="$functionName"/></xsl:when>
49 <xsl:otherwise><xsl:value-of select="$novalue"/></xsl:otherwise>

se </xsl:choose>

51 <xsl:texts>  #¢/xsl:text>

52 <xsl:choose>

53 <xsliwhen test="$attrDefinition/fe:Units/@name”><xsl:value-of select="$attrDefinition/fe:Units/@name"/></xsl:when>
54 <xsl:otherwiser<xsl:value-of select="$noUnit"/></xsl:otherwise>

55 </xsl:choose>

56 <xs1:text>84D;&dA; /x5l text>

57 </xslivariable>

58

59 <xslivalue-of select="xin:escapeApos(string(SoutputText))"/>

6@

61 </xsl:template>

62

63 <xsl:template name="writeFunction”>
64 <xsl:param functionName"/>

65  «xsl:param i
66 «xsl:param
67 <xsliparam

parametervalues”/>
‘ordinateName"/>

69 <!-- Write the yield stress function -->»

76 <xsl:text>BEGIN DEFINITION FOR FUNCTION </xsl:text>
71 <xsl:value-of select="$functionlame”/>

72 <xslitext>Ré#xD;8#xA;</xslitext>

741  <xslichoose>




Summary

= We are not yet exporting AM data

= Nobody else really seems to be either!
= ...But we ARE exporting data in other databases

= We will use this experience to carefully critique the AM
schema and how we add/use data

= The exporters are likely being built, and we may have the
ability to help build them

= |n addition to the technical aspects of coding an exporter that
is most useful to end users, we are cognizant of other modes
of data sharing and of the administrative/permission
concerns

13



