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1 About this document

This document describes the GRANTA Ml schema and is intended as a reference source for GRANTA
database administrators who manage the back-end organization of data. The content is compatible
with and updated with the latest versions of all Granta products referred to in the document.

1.1 What is covered in this document?

The focus of this document is on the GRANTA MI data schema, and how to ensure that your
company's materials data can be captured, maintained, analyzed, and deployed effectively. This
document covers:

e Data schema objects—all of the objects defined and/or managed in the MI:Admin Schema
tool, such as Tables, Attributes, Subsets, link groups, templates.

e Some system-level schema objects—databases, currencies, Profiles.
This document does not cover:

e Access control. System and database security group setup, and the different options for data
access control (Attribute-based and Permission-based) are covered in the GRANTA MI Access
Control and Security Guide.

e Home Page definition and configuration. See the GRANTA MI:Viewer Home Page Author
Guide.

1.2  Using this document

You can read this document straight through, or simply jump to a specific topic directly. To introduce
yourself to the key concepts in data schema design for GRANTA Ml, we suggest you look at sections
in this order:

e Tables

e Attributes

e Record Link Groups

e Schema design best practice

e layouts
e Subsets

1.3  Examples in this document

Most of the examples used in this document are based on the MI:Training database, a lightweight,
tutorial database that contains a small selection of Granta data, suitable for use in training classes
and for users who wish to familiarize themselves with GRANTA MI.

7
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2 GRANTA MI Schema overview

The GRANTA MI schema defines the special data structures and objects that make up a GRANTA Ml
database, and the rules that govern them.

GRANTA MI Schema

SYSTEM-LEVEL

MI:Viewer
application
Home Page

System System System
Databases Profiles Currencies

Security Access Control
Groups Rule Engine

(Attribute-based
Access Control)

DATABASE-LEVEL

DATA SCHEMA

TABLE-LEVEL SCHEMA OBJECTS

Attributes Layouts Subsets Expressions
Table
Meta-attributes Search Templates Report Templates
Data Link Groups Excel Template Definitions
Record Link Groups Standard Names Search Masks
Discrete Types Files Quality Ratings Systems
Constants Units Replacement Strings
Parameters Unit Systems Access Control Categories

(Attribute-based Access Control)

ACCESS CONTROL SCHEMA (Permission-based Access Control)
Categories

Permissions

8
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The following GRANTA Ml tools can be used to view/modify the schema objects shown above:
Tool Capabilities

MI:Admin e View and modify system database properties
e View and modify the data schema objects in each database.
e Define System Profiles.
e Define a Permission-based Access Control schema for a database. See
the GRANTA Ml Access Control and Security Guide.

Ml:Server e Add databases to your GRANTA Ml system and remove them; set/modify
Manager the database server connection properties
e Manage System Currencies and update exchange rates
e Define system security roles and database security roles. See the
GRANTA Ml Access Control and Security Guide.
e Configure the Rule Engine for Attribute-based Access Control. See the
GRANTA MI Access Control and Security Guide.

9
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3 Schema design best practice

The database schema defines how your data is structured, in order to make it accessible, meaningful
and useful. The GRANTA MI database schema:

e Organizes data into a hierarchy of Tables containing folders and records, and defines how
data is linked

o Defines capabilities such as Units and Unit Systems, and Standard Names for FEA Export.

e Defines user experience (UX) elements for application users, including Subsets, datasheet

Layouts, and templates for searching and reporting.

When designing the schema of a GRANTA MI database, the Database Admin needs to consider four
objectives:
e Efficiency & maintainability—Reduce duplication and make easy to maintain.

e User experience—Does the schema represent the end-user's view of the data effectively?
Can the data be understood by users with little training and interpretation?

e Capabilities—Can the database support your business processes?

e Traceability—Does the schema make it possible to track the trail of data generated during
product development? People need to be able to answer questions like “How was this design
allowable made?”, “Where did this alloy batch come from?”

Design decisions for GRANTA Ml databases fall into 3 main categories:

e Defining the database Tables and the links between them

e Defining the data hierarchy—how records in the database are organized into folders and
subfolders for easier access.

e Selecting the best data types for your data.

3.1 Tables and links

When making decisions about what Tables are needed in your GRANTA Ml database, you need to
consider:

e What data do | need to store? Legacy data could be in various forms, such as specifications,
or declarations from suppliers.

e How should the data be linked?

3.1.1 Example: Materials in Medical Devices Reference

The ASM Medical Materials database is one of Granta's reference databases, used to screen, analyze,
select, and source candidate materials and coatings for medical devices. In this database, medical
devices use specific material grades, which are examples of a generic material. A device might also

10
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use a coating, an adhesive, or be associated with/used to deliver a drug. Each device is made by a

producer.

«

Materials

«

Specific Grades
Coatings

Drugs
Adhesives
Medical Devices
Processes

€ € € € £ «

Producers

«

References
Authors

v VvV VvV VvV VvV VvV VvV VvV Vv v

«

Medical Devices Table
Cardiovascular Devices

Orthopaedic Devices

Neurological Devices

Surgical Devices
=
o |

:=

Materials

3.1.2 Example: Composites Template

This Composites Template database contains design, materials pedigree, and supporting test data in

15 separate, linked Tables:

«

Composite system

«

Design data

Report

Pedigree: Reinforcement
Pedigree: Polymer matrix

€ € € K«

Pedigree: Intermediaries

«

Pedigree: Laminate
Pedigree: Coating
Test data: Tension

€ € K

Test data: Compression
Test data: Interlaminar shear
Test data: In-plane shear

€ € K

Test data: Bearing

«

Test equipment

«

Y VY Y Y VY'Y Yy "V

Test specimen

» Reports » Composite System
|
Material Pedigree
» Reinforcement ] [b Polymer matrix
» Design Data
» Intermediaries Mean, A-Basis, B-Basis
[, Coating » Laminate

Test Information

» Tensile
No hole, OHT, FHT

» Test Equipment

» In-plane Shear

V-notched beam

» Compression » {Dtertaminar » Bearing
No hole, OHC, Short Beam
FHC CAl

» Test Specimen

11
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3.1.3 Making design decisions

Tables store "similar data". Consider this example where test data for tensile tests and test data for
fatigue tests are stored in 2 separate tables:

v [=] ¥ Test Data: Tensile v [=] ¥ TestData: Fatigue
Y Subset Test Data: Tensile (Default Y ¥ SubsetTestData: HCF (Default
» [T7 ¥ High alioy steels » [ ¥ Aluminum alloys
¥ [3 ¥ Titanium alloys ¥ [3 ¥ Titanium Alloys
v [ ¥ TieAl4V ¥ [ ¥ Ti-8A-1Mo-1V
¥ [ ¥ Plate ¥ [ ¥ Sheet
» O ¥ -110°F v [ ¥ LT direction
» [ ¥ -321°F P O ¥ 70°F
» [ ¥ -423°F v 3 ¥ 400°F
» [ v 73F v [ ¥ K=t
v [ ¥ 400°F ¥ [ ¥ R=0.1
B v mrs-6s657 Bl v 30001
Bl v mrs-65667 Bl v 30002

Bl v wrs-65678
Bl v wrs-65687

Could this tensile and fatigue data could be merged into different records in the same table, or even
into the same records in a single Test data table?

* [=] ¥ TestData: Tensile I | Ie rge7
T Subset Test Data Tensile (Default v [=] ¥ TestData: Fatigue
» [ ¥ High alioy steels - E ¥ Testdata T si Data: HCF (Default
= ¥
¥ [3 ¥ Titanium alleys - P 3 = Aluminum alloys
v [7 ¥ ThBAN4V Y ¥ SubsetTestdata (Default = [ = Tianium Alloys
T v [ ¥ Titanium alloys v v A
. -
Oy = -10°F ¥ > [ ¥ Shest

»

» OO ¥ 321F hd D ¥ Ti-6Al-4V ¥ [ ¥ LT direction
P [ ¥ -423°F . » O3 ¥ T0°F

» OO ¥ \ v o Flate / v [ ¥ 400°F

D ot \ [ ¥ Fatigue - D1 ¥ ket
¥ MTS-85657 - ¥ R=0.1
g 3 ¥ Tensile -

Bl ~ mrs-eseer B = 30001
B = mrsssere B » 30002
Bl = mrs-sseer

In order to make the right decision in this case, the Ml Database Administrator needs to balance the
objectives of efficiency and maintainability, display (user experience), capabilities, and traceability.

Reasons to keep the data in separate tables Reasons to merge the data into a single table
User experience. Because key attributes are Efficiency and maintenance. Many Attributes
different in these two data sets, merging the are the same in these two Tables. Merging
tables would result in more Attributes, them will help to avoid duplication in the
potentially leading to users having to scroll schema, making the database easier to
through long datasheets to find the data they maintain (e.g. when creating new Attributes,

managing customized importers...).

12
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Reasons to keep the data in separate tables

are interested in, and also making it harder to
select Attributes for searching a reporting.

Traceability. Separation of the two different
types of test data ensures clearer traceability
paths.

User experience. Having the data organized
into two, parallel data 'trees' makes it easier for
users visualize the "shape" of the data
hierarchy, and easily spot where folders or
records are 'missing' from one tree.

Reasons to merge the data into a single table

Capabilities. Comparing and combining data is
easier when the data is in the same table, but in
this case, you are never likely to need to
compare or combine tensile and fatigue data).

Capabilities. To perform an Attribute search
across the test data, all of the data must be in
the same table.

Large databases with many tables present a usability challenge, potentially overwhelming database
users. However, there are some steps you can take to mitigate this in GRANTA Ml:

e Use consistent and logical table naming conventions to help to clarify what type of data is in
each table, and how one table relates to another. For example, in this database, related

tables have a similar naming format:
¥ Microstructure

“ Test Data: Tensile

&

Test Data: Compression

LA

Test Data: Creep
Test Data: HCF
Test Data: LCF
Test Data: FCG

LA

L 4

LA 4

&

v v v W W W W W W ¥ ¥
(DD [0 [T [T} D) LT Lo o0 0 [T
&

Test Data: Relaxation

Test Data: Fracture Toughness (E1820)
Test Data: Fracture Toughness (E399)
Test Data: Fracture Toughness (E561)

e Provide a useful database Home page with information to help users understand how the
database is organized, such as a schema diagram. For example:

13
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m Composites QED Home  Help/ Contact

Overview Content Map

Map
2

Reports Composite System

e

Material pedigree 9 Test results

Polymer
matrix

Intermediaries

Reinforcement Tensile Compression

Interlaminar
shear

Bearing

Laminate In-plane shear

In-Plane Shear

e Show only the data that's relevant to specific groups of users:

- Use Profiles to provide a selective view of your data. Profiles can include Tables from one
or more databases, for example, an Aerospace profile could include specific Tables from
your alloys, composite test data, coatings, and creep/fatigue data databases.

- Subsets and Layouts can be used to filter the Tables, folders, records, and data available
within a database to Ml:Viewer and MI:Explore users, so they only see the data that's
relevant to them.

- The Ml:Explore application provides simple, single-table search/edit capability, with users
selecting a "data view" to access specific data; different data views may be defined to
provide access to other data in the same or in different tables.

Links between tables

Links typically represent the "flow" of data in a database and provide traceability. For example, in the
database below, supplier information in the Metals Pedigree Table below is linked to data from tests
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performed on the specimen, and this data is then rolled up with analysis in the Statistical Data Table

and into the Design Data Table:

/

MI:Training Metals

Metals
Pedigree

\

S
Design Data
./

S —
Statistical Data

=
= Test Data

\

There are five different ways of providing between records in different tables in GRANTA Ml:

e Static record links

e Smart record links
e Datalinks

e Tabular data links

e Associated records

Static record links

These are simple record-to-record links implemented via Record Link Groups.

Advantages

e Simple to set up - no rules
required

e Users can search on
Attributes in linked tables

Disadvantages

e Links are added manually

e Links need active
maintenance if record
values change

e Record-to-record only

e Links are not "data, and
so are not included when
exporting data from
records

15

Use when:

e Linking records where
rules are complex, or not
well defined

e Linking is static

e Where records are
imported, and auto-
linking can be used
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Example: the static links in this Design Data Record Link Group provide fixed links between test
records and corresponding design data records:

Tensile Statistical Data table Design Datatable

e

Strain Rate:

Test Temperature: | Design Data
Young's Modulus (11-axis) | Record Link Group
Design Data

Common Mame:

Thickness: | Design Data
Density: . Record Link Group

. 250 Grade Maraging, Maraged at 900°F, Plate

Strain Rate:

Test Temperature: | Design Data
| Record Link Group

Young's Modulus (11-axis)

Design Data
. 250 Grade Maraging, Maraged at 200°F, Plate

rTen:ai le Statistical Data

B 2MSE520, Plate, 300°F

B ~MS 8520, Plate, GOOFF

Il ~MS 8520, Plate, B00°F

I A5 6520, Plate, 1000°F

B ~MS 8520, Plate, Room Temperat..

1

In Ml:Viewer, static record links are listed under a heading as shown here, and users can click on the
link to open the datasheet for the linked record, as well as add linked records to the Record List, copy

them to the clipboard, and export them, as required:

Further Information

¥ Tensile Statistical Data
E ¥ AMS 6520, Plate, 300°F
E ¥ AMS 6520, Plate, GOO°F
§’?IAMS 6520, Plate, 300°F

=]
E Add to list
=]

E= Copy to clipboard
E % Export Data to Excel lire

+— Find substitutes for this record i

Mo warranty i

ensy Watch record

In Ml:Explore, linked records are simply listed on the datasheet:

Further Information

Tensile Statistical Data B AMS 6520, Plate, 300°F
B AMS 6520, Plate, 600°F
B AMS 6520, Plate, 800°F
B AMS 6520, Plate, 1000°F
B AMS 6520, Plate, -110°F "

16
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See also Static links for more detailed information about how Static Record Link Groups are defined
in GRANTA MI.

Smart record links

Smart links can be used to provide dynamic links to records in other Tables based on the value of key
Attributes in the source and target records: when the values match, the Records are linked. Smart
links look the same as Static links on datasheets, but are set up in a different way, with Smart link
criteria specifying the conditions that must be met for the link to be made.

Advantages Disadvantages Use for:
e Never need populating or e Only simple linking rules e Linking records where
updating (A=B AND C=D) rules are well defined
e Allow searching on e Record-to-record only e When records are created
Attributes in linked tables manually (in MI:Viewer or
e Up to 3 linking Attributes MI:Explore)
can be specified e When linking values may

change often

Example: this Record Link Group provides smart links between a panel record and the relevant
tensile test data records by matching on the panel number in the two records:

Tensile Test Data table

|| Specimemn: LBJ1311A

Test type
c te Pedi tabi Testing standard
omposie ree [able
[] Panel: LBJ13 Further panel information -‘I Tensile test data
[ Panel: LBJ13 ) Record Link Group
Material de=ignation -

Laminate name [ | Specimen: LBJ1312A

Panel number LBJ13
Test type
Tensile test data Testing standard
[ Specimen: LBI13114 Panel number LBJ13
O Specimen: LBJ13124 |
Further panel information ‘I Tensile test data
2 [ Panel: LBJ13 J Record Link Group
Tensile test data '
Record Link Group [ ] Specimen: LBJ1412A
Test type

Testing standard

Panel number LBJ14

Further panel information
[ Panel: LBJ14

17

Ansys GRANTA MI 2021 R1- © Ansys, Inc. All rights reserved. Contains proprietary and confidential information of Ansys, Inc.
and its subsidiaries and dffiliates.



GRANTA M| Schema Guide—Schema design best practice

In both Ml:Viewer and MI:Explore, smart record links look and behave exactly the same as static links
on datasheets.

See also Smart links for more detailed information about how Smart Record Link Groups are defined
in GRANTA MI.

Data links

Data links provide links from an Attribute to another Record or to specific data in another Record. For
example, a mean value could be linked to the source values used to generate it, or statistical data
could be linked to the relevant test data.

Advantages Disadvantages Use for
e Data-to-data or data-to- e Staticonly e Data value sourcing;
record e Linked values are not reference citations
e Users can see the linked searchable (populate on import)
data e No access via Scripting
Toolkits

Example: the Data Link Group in the design record shown below provides links from the Young's
Modulus with Temperature functional data in the Design Data table to the source data in the Tensile
Statistical Data table.

Design Data table Tensile Statistical Data table

.(-,"? Young's modulus with temperature Testing series 1D
_n & Young's modulus 124
: &
i : Strain rate
¥ .
. ¢ Testtemperature 208
L1
! "
“
: | meswpmir
an
i ‘: Testing series 1D
ey ¢@ Young's modulus 148 |
T Strain rate
el Origin of data
. 1 J & Testtemperature 200
Datalink ¥ [ Ti-5414V, Plate, 700°F
group Voungs moduius (17-axis) 1248
B Ti-5A4Y, Plate, 400°F e _ _
Young's moduls (17-axis) 148 Testing series ID
Test temperature 00 & Young's modulus 1123
B Ti-5A4V, Plate, 00°F / Strain rate
Youngs moduius ((17-axis) 123 e & Testtemperature @0
Test temperature 00
Y -

See also Data links for more detailed information about how Data Links are defined in GRANTA MI.
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In MI:Viewer, Data links appear on the datasheets under the Attribute data; in MI:Explore
datasheets, Data links are not displayed.

Tabular Attributes

Tabular Attributes are a complex data type that can combine both local data and data from other

records via Tabular data links.

Advantages

e Logical, clear display of
linked data

e Can blend linked and local
data

e Users can search on linked
(and local) values

Disadvantages

e Very simple linking rules .
(1 attribute)

e Data storage is expensive
(every row is a hidden
record)

e Links are unidirectional
(unless you use
Associated Records)

e Can’t add linked records
to record list in this form
(see Associated Records)

Use for

Test summaries,
substance queries,
complex material
pedigrees...

Example: this Tabular Attribute in a material record summarizes data about substances associated
with it, and it includes linked data from the relevant records in the Restricted Substances table:

Restricted Substances table

MaterialUniverse table

W Nickel-Cr-Co alloy, IN-939, as cast

Restricted substances associated with this material

Substance  CAS Amount erire Legislation  Linking value

name number (%) Legislation name rating [CAS number)
ETUC Priority List = Caution

Tungsten | 7440-33-7 2 Dodd-Frank Act Caution 7440-33-7

Tantalum | 7440-25-7 | 14 Dodd-Frank Act Caution 7440-25-7

- W

B Tungsten
Chemical name Tungsten
CAS number TH0-33-T7

Legislations restricting its use

a Legislation
Legislation name rating
ETUC Priority List Caution
Dodd-Frank Act Caution

M Tantalum
Chemical name Tantalum
CAS number T440-25-7

Legislations restricting its use

S Legislation
Legislation name rating
Dodd-Frank Ad Caution

See also Tabular Attributes for information about how Tabular Attributes are defined in GRANTA Ml,

and for more examples.
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Associated Records (via Tabular Attributes)

For records that include Tabular data, another type of link can be provided on datasheets in
MI:Viewer—Associated Records. Associated Records are a Layout feature that allows a record
datasheet to automatically list all of the records that are linked to via a specific Tabular attribute in

the record.
Advantages Disadvantages

e Can add to record list o All the disadvantages of

e Reverse links Tabular data (data heavy,

e The linked records are simple linking rules)
visible on datasheets at-a- ® Conceptually complex
glance, without having to e Depend on (multiple)
open/view the Tabular record IDs being properly
data from which the links filled in
are derived. e Ml:Viewer only;

e Multiple hops in 1 click Associated Record links
e.g. design data -> are not shown in
(statistical data) -> raw datasheets in Ml:Explore

test data. If you have
tabular links A->B and B-
>C, you don’t need to
make an extra link A-
>C. You can build up
complex linkage with
relatively few “link
groups” (tabular
attributes).

Use for

Test summaries,
substance queries,
complex material
pedigrees...

Alternative to smart links

Example: the list of associated test records in this tensile statistical datasheet is derived from the
data in the Tensile data used in this rollup Tabular Attribute:
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Tensile Statistical Data table Tensile Test Data table

M Titanium alloys, Ti-6A1-4V, Plate, -110°F

N Tensile test Ti-6AI-4V-Plate, -110°F, Specimen: MTS-65655

Material type Testing series |D
Form Testtype
Alloy ¥ oung's modulus [171-axis)

Tensile test data used in this rollup

i = ‘foung's modulus W Tensile test Ti-6AI-4V-Plate, -110°F, Specimen: MTS-65665
Specimen ID | Confrol mode temperature (°F) | (11-asis)
Strain 110 16.5 Testing series |0
Strain -110 17.1 Testtype
Strain -110 17.6 ¥ oung's modulus [171-axis)
LTS Strain -110 17.7

Associated Tensile Test Data W Tensile test Ti-6AI-4V-Plate, -110°F, Specimen: MTS-65675

—
M Tensile test: Ti-BA4V-Plate, -110°F, Specimen: MT5-65655 Testing series D

W Tensile test: Ti-6A-4V-Plate, -110°F, Specimen: MTS5-55665 Testtype
B Tensile test: TiBAL4VPlate, -110°F, Specimen: MTS-65675 r—-"‘"‘-—-'

¥ oung's modulus [171-axis)
h.._- Tengile test: Ti-6A4V-Plate, -110°F, Specimen: MT5-55685

W Tensile test Ti-6AI-4V-Plate, -110°F, Specimen: MTS-65685

Testing series |D
Test type

¥ oung's modulus [171-axis)

In the datasheet below, the associated records are visible when the Tabular data from which they are
derived are not shown by default, for example, because the Tabular Attribute is configured to initially
hide the full data:

Further Information
Tensile test data used in this rollup Number of records 6
Most recent date Monday, December 2, 2002

Average temperature ("C) 538

Show full table

¥ Associated Tensile Test Data
B v mrs-615721
¥ MTS-615731
¥ MTS-615741

=
=
B v mTs-615751
=
=

¥ MTS-615761
w MTS-615771
¥ Design Data

Associated Records can also be bidirectional: in this case, the Tensile Test records can link back to the
statistical rollup record, via another Associated Records item on the layout.
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Associated Records can even follow a chain of more than one tabular link: if Design Data is linked by
a tabular attribute to Statistical Data, and Statistical Data is linked to Test Data, you can make an
Associated Records item from Design Data to Test Data (and from Test Data to Design Data). This

provides comprehensive linking without maintaining several link groups.

Links summary

Static Smart Data Links Tabular Associated
Record Links Record Links Attribute Records
Yes
Can force one-to-one links? No (referential No No No
integrity)
¥ A Yes, but Yes, but
Auto-create links on e e i €5 DUE may
import? (by rules or Not necessary {by rules ar need need
port: GUID) GUID) multiple imports | multiple imports
Granular (link |nd|\._r|dual - - - Linked att.rlbutes -
data points)? can be viewed
o
% Flexible (not rules-based)? Yes No Yes Yes Yes
=
K4
c Pulls linked data onto
= No Mo Yes Yes MNo
= datasheet?
Blend linked and local Yes, on
No No Yes No
data? datasheet
Multiple hops in one click? No No No No Yes
Yes
Display notes on links? Yes No Yes (local data No
column)
Medium
= Fast setup for the admin? Fastest (must define Fast Not fast Mot fast
£ rules)
2
. . Heawvy . . .
Link maintenance burden? Light Hea Light Light
(manual editing) e vy € e
Y - Mo more than
¥ c Impacts database size? Yes Smallest . Yes tabular attribute
& g (big impact)
& E alone
= 0
2 £ | Impacts datasheet loadin Yes
g P eing No Yes No - Yes
time? (big impact)
Add to record list from
Yes Yes No Mot in this form Yes
datasheet?
Search on attributes in
t Yes Yes No Yes No
g linked tables?
k-
L - -
pe Export links to Excel with - - . - .
'E the record?
m -
g Export links to text/FEA
No Mo Mo Yes MNo
@ with the record?
Scripting Toolkit access? Yes No No Yes No
22
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3.2

The way that data is organized into records and folders in your database can be used to model the
way that the data is categorized, such as by internal or external industry standards. In the MMPDS-12
Granta reference database, for example, the organization of alloys data follows the structure of the
MMPDS handbook:

Data hierarchy

> [5] ¥ MMPDS-12 Data

Cantents T ¥ SubsetAl materials (Defaull)
P [ ¥ 2 Steel
. MMPDS P 3 ¥ 3. Aluminum
- ¥ 4 i
D Summary Table of Contents D Magnesium Alloys
1 | | * [ ¥ 2. Magnesium-Wrought Alloys
0] MMPDS consists of: » D ¥ 01 AZHE
4 MMPDS: CHAPTER 1 - INTRODUCTION '
+ MMPDS: CHAPTER 2 - STEEL ALLOYS P [ ¥ 02 AZB1A
: + MMPDS: CHAPTER 3 - ALUMINUM ALLOYS
d 4 MMPDS: CHAPTER 4 - MAGNESIUM ALLOYS ¥ [ ¥ 03.WEdIC
+ MMPDS: CHAPTER 5 - TITANIUM ALLOYS » w
+ MMPDS: CHAPTER 6 - HEAT-RESISTANT ALLOYS O ¥ 042504
D # MMPDS: CHAPTER 7 - MISCELLANEQUS ALLOYS AND HYBRID MATERIALS P [ ¥ 3 Magnesium Cast Alloys
4 MMPDS: CHAPTER B - STRUCTURAL JOINTS
> # MMPDS: CHAPTER 9 - GUIDELINES F 3 ¥ 5. Titanium
b [ ¥ 6. Heal-Resistan! Alloys
b 3 ¥ 7. Miscellaneous Alloys and Hybrid Materials

Folders may also be used to group together Records that often need to be accessed at the same
time, for example, for reporting, analysis, or manipulation:

¥ [C7 ¥ High Alloy Steel
Browse
v [ ¥ AMS 6520 Lo
D JEais X| Home Search Recordlist Plots DataStats Plot1X
- ¥ Database. MTraining -
D ¥ Plate _— ] Test Temperature vs 0.02% Offset Yield Stre o)
[ Addto st festc sunmacaons B T T
[ Uni system Metric = 2200 Curve fiting All Data
= Copy to clipbdufd H ¥ =- 864806 + 0.00406%C - 1.42° + 1.88+03 (o0 =
— 2000 Pearson's comrelation R=0 996384
& Edit [ Tensite Statistical Dot = o ) AllData
@ Additive i = \ All Data poly3 r=l  subsers
= 7 High Alloy Steel w 1800 < —
énsy Watch folder © 07 AMs 6520 8 T~
&[0 it 5 s
[%] Download Excel Tem @ o 5 1600 T
B o0r = S
1= Ed T 1400 —
IR = [0 & \
- w00 S
B Room TemperatureF || 32 1200
g AN ==
S
1000 |Red B Aoy
e ancestors:
800
400 0 100 200 300 400 500 600
Test Temperature (“C)
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Another way in which Folders can also be used is purely for (permission-based) access control, for
example:

Nationality Nationality
Read  Wiite v ¥ Tensile Test Data Read  Write
L ¢ UK Y ¥ SubsetTensile Test Data (Default) UK
: :che }__,I ¥ [ ¥ ITAR Export-controlled :::nce
o » [1 ¥ High Alloy Steels ——
Division Iv D ¥ Non-ITAR
Read  Write > ¥ AM Mechanical benchmark testing fead e Desigi
o S:gn » [ ¥ Epoxy/Glass FEA
- - Matorials Materials

Decisions about whether a deep or shallow data hierarchy is preferable will have a significant impact
on usability for application users who need to browse the data. For example:

Deep structure — slow browsing:

- ¥ AM Mechanical benchmark testing
v [ ¥ L13L12
~ 7 ¥ 2013-04-15 CLAD-2321 01
v [J ¥ 2x2301A
* [[7 ¥ ASTM Standard ES
CO¥L
v [ ¥
* 3 ¥ L13L12AA1T
3 ¥ Approved
* 3 ¥ Unreleased
v [7 ¥ 2018

H v LiaLizaaT

7 ¥ L13L12AA3T

7 ¥ L13L12AAST

7 ¥ L13L12AATT
3 ¥ sT

O ¥ 150

3 ¥ 2x2301B
L13L12AA1T
13L12AA3T
13L12AAST
L13L12AATT

® « « «
— —
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Moderately structured — optimized for faster browsing (5 - 20 items per folder):

hd ¥ Test Data: Tensile
T ¥ SubselTestData: Tensile (Default)
» [ ¥ High alloy steels
* [O3 ¥ Titanium alloys
¥ ] ¥ Ti-8Ak4v

¥ [ ¥ Plate

» 3 ¥ -10°F

P [ v -321°F

P [ v -423F

» [0 ¥ 7FF

¥ [3 ¥ 400°F
B v wrs-es657
Bl v wrs-es667
Bl ¥ wrs-85678

B v wrs-e5687

Shallow structure — slow browsing:

¥ Acetic aod 2.2 2°{Imenyistanerydyne Srshio iris- trisoocth! ester [54849-33.5] |v11)

ACHC 800, 24(3 5 S-icrore-2 oyt eay ], ity ester $50825-27-8) v2|

Acet pod 2{(5-cHoro-S-gumolimiaxy |, 1-meSyitet ester [99007-70-21 v3|

Acetic a0d. 2.ciorn., 1.3, Lamenvcycoheytietnyt ester [477213.59.0) 2

ACHEC 00, 2-mathaxy-, maltyl ealer (52304091 [v2)

Acetc aod. 2-Gx0-2+4(2.2 6 S-letrametyt-4-pipandmylaminof-, hydrasde [12203571-4] [vZ)

ACHC 00, [ enedrstiotetra. Madi2e) sodum 538 (1 12) [22904-40-1) (vi&}

Acet p0d. baryBum ta8 (58)-07-7) v10]

Acttc 20d bisl gamma. « omega -0erfuoro-CE.20-alky i) carvs 7 1608.37.20 v2]

ARt RO betl QRTINS - StMegd -DAMutro-CE-20- iy 1IN0 Garve | COMOas with Sithanclamies [T1608-28-31 [v2)
Acetc 20d. bish gamma - onega Derfuore-CE-20-aity[Eho] Genvs . Me esters [71008-38-4] [v2]
ACREC DO Des, QAN - OMO%d -Dartiucro-C3-20- 3y (o) Senve | S00wm saly [71502-40-7] 2}
ACAtC 00, tromo- CoDAN Y« ) sall [S3005-4)-4) vl

ACSbc 900 chioro:, marcury(2+) sait [2671907.3] v16]

ARG BOO. CODMI SAT (1.7)15031-20.5] hve|

Acebc pod. lead 3R [15347-57-4 (v10)

ACetic 200 J0ad sakt, basic (51304-60.4] (v21]

ACANC a0 e | sl ity Srate |B080-55-4) (v 20)

Acatic 200 10204+ ) salt [595-67-8] Iv16]

ACHUC A0, redvcary sait [SB2463-2] [vi§)

Acetc oo mercuny1+) t3R [835-80-71 vIN}

ACetic pOg, nickei2+} Sall, pofymer wilh fommaidonyde and 441,13 3 evamettyyDaty(phenct [7 10505722 [v13)
ACAbS $00 0d- SOGUM Sa, Achon (raducts with el enechinmins 0od phancs #on sodum ey [88500-55-00 2|
Acetic p0d. 10CHON DIOSUCTS with lead gride, TRCH and suunc sod 58337053 vy

ACIC 200, 1BUSIO-, matcury 1+) sal 12023.15-1) [vid]

ACHC 000 WRUNID-. merturyide) S50 [13257-55-7) (vit)

Acetic anhydnde [108-24.T] [vG)

ACHOMCMINAGN, 2 713 T-Cmethoay-4 4'-Dptenytyiene D20 [l £ -ci0- [17453-T3-5] [vy)
Aceione [57.-44-1) VT

Aceione cyanamyoon [75-85-5) 7]

Acktone toitee [127-060] Ivh)

Acelone thiosemcarbande [1752-30-3] [v5]

Acstontrie [7505-8] [vi1)

Acatophenone [¥3-85-2 vl

Acety! beomate |506.96.7] [v4]

Acety| Crionoe [75-38-5] v8)

Acety! lode [50702-3] [v3)

ActtyNand [T4-85-2) o8}

€ 4 €« « « «

€ ¥ « € « «

4« € € 4 € £ «

°

d €« € « € € €« € ¥ «x

€ € « &£ «

<
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In Ml:Explore, users work with lists of records that are filtered by data values, and never see the data
"tree", so the folder hierarchy is not relevant.

3.3  Choosing the right data type

GRANTA Ml supports 15 data types, and choosing the correct type to store your data is crucial.

3.3.1 Simple numerical data

Simple numerical data in GRANTA MI may be one of 3 data types:

Data Type Symbol Code Use to store

Integer | INT Numbers without a decimal point

Point L PNT Floating point numbers

Range 4 RNG A pair of numeric values representing the upper

and lower bounds of the value range

Simple numerical data

. Min—Max or open
2 ~
Muttiple valuas? Yes range? Yes
Mo
[} Mutti-value Point
Requires units? Yes

Mo

Must be a whole

Yes Integer
numober g

[o]
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3.3.2 Mediadata
Media data in GRANTA MI may be one of 3 data types:

Data Type Symbol Code Use to store
File | FIL Entire data files e.g. text files, Office documents, PDF
files, video files.

Picture & PIC Image files such as photos or schematics
Hyperlink Ed HYP Hyperlinks (URLs, email links)

Meda data

=500MB? Yes

Mo

Regularly updated

on server wehske? [ °° Hyperlink

Mo

Image file type?

. Yes Picture
(*jpg, *.png, etc)

Mo

File

27

Ansys GRANTA MI 2021 R1- © Ansys, Inc. All rights reserved. Contains proprietary and confidential information of Ansys, Inc.
and its subsidiaries and dffiliates.



GRANTA M| Schema Guide—Schema design best practice

3.3.3 Graphical data
Graphical data in GRANTA MI may be one of 2 data types:

Data Type Symbol Code Use to store

Float Functional [F] FDA Numerical data that is a function of one or more
Parameters.

Equations and Logic [Fa] MAFN Numerical data calculated from other Attribute

values using an equation.

Graphical data

v Data is searchabie

v Data can be compared

v More than one parameter

v Y-axis, Xx-axis &or other parameters have unis

v Data can be plotted or viewed as a table

v S0ime parameters are descriptors (ie Test Data / Fitted Data)

Data is summarized

as an equation? Yes Equations and Logic

Mo

Functional

3.3.4 Text data
Text data in GRANTA MI may be one of these 3 data types:

Data Type Symbol Code Use to store
Short text t STXT Text up to 255 characters (including spaces and
punctuation).
Long Text T LTXT Text up to 1,048,576 characters.
Discrete = DCT A discrete set of non-numerical data values.
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Text data

=286 characters?
Flexible formatting?

Mo

Finte set of values?
£.g. Lusers sefect
value from
dropdown st

Mo

Short Text

Yes Long Text

& Cannot be used for autoplacement,
linking, or Record List paste operations

Yes Discrete

& Cannot be used for tabuwlar data linking values

3.3.5 Complex data

Complex data that needs to be displayed in rows and/or columns, can be stored in a number of
different data types. For example:

Functional data

2 0.2% proof stress Hide Table ‘ EZ  Vickers hardness Hide Table
View The Data ‘ View The Data
Reference Code|0.2% proof stress (MPa) i load (kg) Reference Code|Vickers hardness (HV)
i

A 281 ‘ 30 A 140

B 302 ‘ 30 B 140

C 306 i 30 c 152
View The Data ‘ View The Data
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Tabular data

Elements in this material
Save as CSV| Copy To Clipboard

Element Abundance Sourcing and Environmental Price Conflict Element Elemental

name risk level geopolitical country risk volatility material monopoly of price
s L 2 $ s s s $ . $
risk level level risk risk supply HHI variation
level (USD/b)
Iron Very low Low Low Very high None 2520 0.228
Neodymium Medium Very high Very high Very high Caution 7570 105
Dysprosium Medium Very high Very high Very high None 7570 951
Praseodymium | Medium Very high Very high High Caution 7570 719
Cobait Medium Medium Low Very low Caution 2860 109
Boron Medium Medium Medium Very low None 5100 0.149

The decision about whether to use a Functional or Tabular Attribute needs to consider:

e Linking: can the data content be stored in another record to reduce data duplication &
maintenance?
- Tabular data can pull linked data from a master record in another table

e Searching: exactly what queries will users need to do on the data?
- Tabular search queries are of the form: “Does a row exist where column x=[value]...”
- Functional search queries are of the form: “What is the y-value at this x-value?”

o Import & Export processes: make data imports as easy and robust as possible

- Functional data imports can be from the Text Importer or the Excel Importer, but must
handle the Series/Grid distinction (see Functional Attributes section).
- Tabular data is incompatible with the Text Importer.

e Performance & Storage

- Tabular data can lead to comparatively larger databases than functional data.
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For simple/small tables, a table of data within a datasheet may not be the best presentation.
Consider multi-value Point Attribute, or several separate Attributes, for example:

e 0° tension strength - measured 192

213
252

# 0° tension strength - normalized 187

210
250

ksi (A-basis
ksi (B-basis
ksi (Mean
ksi (A-basis)
ksi (B-basis)
ksi (Mean)

Composition detail (metals, ceramics and glasses)

Composition
data stored as
several
separate
Attributes

Al (aluminum)
Be (beryllium)
BeO (beryllia)
C (carbon)

Fe (iron)

Mg (magnesium)

0to 0.1
98.5t0 100
Oto1.5
0t00.15
0t00.13
010 0.08
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4 Tables

Tables in GRANTA Ml are used to organize and group the data in a database by common
characteristics or properties, for example, a Materials table containing records that represent
materials and their properties, a Tensile Test Data table with records that capture test data about
those materials.

Each table defines:

o Attributes—enabling systematic characterization of the data. The Attributes in each table are
typically specialized for the type of data and metainformation in that table, so a Metals table
may include Attributes like Density, Composition, and Young's Modulus, while a Test data
table could additional Attributes for Test Type, Specimen ID, and Tensile Response.

e Subsets and Layouts—used to present different data views to users, for example, by hiding
tables, records, or data are not relevant.

e Search Templates, Report Templates, Excel Template Definitions—used for searching,
reporting, and data import/export in MI:Viewer.

Tables may also include Expressions—mathematical expressions for use in the evaluation of
Equations and Logic data.

Table properties provide additional options for controlling the visibility and searchability of data in
the table, assigning a Quality Ratings System to a table, defining datasheet headers/footers, and
enabling Record Version Control on the table.

4.1  Viewing and managing Tables

To view and manage the Tables in a GRANTA MI database: in the MI:Admin Schema tool, select the
database, then click the Tables link. On the Tables page you can see a list of all the tables currently
defined in the database.

To edit the properties of an existing table, select it in the list and click Edit; see Table properties. To
change the order in which the tables are displayed (in MI:Admin and MI:Viewer), use the Move
Up/Move Down and Save Order buttons.

4.1.1 Deleting atable

You cannot delete a table if:
e |tis the source or destination table for a Record Link Group. To delete the table, you must
first delete the Record Link Group.

e |tis a destination table for a Tabular Attribute. To remove the table, you must first delete the
Tabular Attribute.

e Version control has been enabled for that table. As a workaround, you can hide the table
instead.

To view and manage the table Attributes, Subsets, Layouts, Expressions, and templates, expand the

table name in the list of tables in the left pane, then click on the appropriate item.
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4.1.2 Creating a Table

To create a new Table, copy an existing one and edit it, or click Add. You can either create a blank
new table, with no Attributes, or use the Create new table wizard create the new table, add
Attributes to it, and configure the default Layout.

4.1.3 Importing Attribute definitions

A quick way of adding multiple Attributes to a new table is to define them in Excel and copy/paste
them into the Create new table wizard. The wizard creates an empty Excel document for you which is
already formatted with the correct columns, for example:

A B C D E F G H -
1 |Attribute Name Data Type Unit/Discrete Type Parent Attribute Is Multi-Valued? Default Threshold Type Linked Table Name |LinkingAttribute Namel

RRET R SR N

To define Attributes in this worksheet.

e Use the dropdown menus in the Data Type and Default Threshold Type columns to ensure
the Attribute data type codes and threshold settings are correctly specified.

e Columns G and H are used for Tabular (TABL) Attributes only; either both or neither of these
columns must be populated. The linking Attribute must be of type Short Text.

Example Excel Attribute definitions:

A B c D B F G H
1 |Attribute Name Data Type Unit/Discrete Type Parent Attribute |Is Multi-Valued? Default Threshold Type Linked Table Name Linking Attribute Name
2 |Date of release DAT AtMost
3 |Base DCT MU Elements Equal
4 |Young's Modulus FDA GPa AtlLeast >
5 |Environmental Resistance FDD standard AfLeast ~

AtMost

6 Document FIL Equal
7 More information HYP E:its"t‘;“"
8 Source HYP Typical Use NotExists
9 |Atomic number INT Contains "
10 Transparent LOG Equa
11 Description LTXT Contains
12 Relative cost index (per unit) MAFN currency Between
13 Typical use PIC Exists
14 Density PNT Mg/m*3 Atleast
15 |Tensile Modulus RNG GPa Atleast
16 Composition STXT Contains
17 Design Allowable Data TABL Exists Design Data Source Figure

18

19 L

When you have defined all of the required Attributes in the Excel worksheet, you select and copy
them to the clipboard, and then paste them into the Create Table wizard:
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Import Attributes from Excel

1.| Open Excel Template |

2. Populate the spreadsheet with your attribute information. Select the rows defining your attributes and copy
+

3. | Paste att,\:u?utes from dipboard

-

Mame Data Type Units  Parent Attribute Is Multi-Valued? ?

Date of release date Mo !
Base discrete Mo )
Young's Modulus float functional GPa Mo {
Environmental Resistance discrete functional Mo
Document file Mo }
More information hyperlink Mo ,
Atomic number integer Mo :r
Transparent logical Mo }
Description long text Mo ¢
Relative cost index (per unit) equations and logic  USD Mo {
Typical use picture Mo r
Source hyperlink Typical use Mo ;
Density point Mg/m"3 Mo /
P i S S A N S P r i o o

4.2  Table properties

Tables in GRANTA Ml have the following properties.

42.1 Name

This may be up to 255 characters long. The name entered here must be unique within the database;
it is not treated as case-sensitive and so the same name with different cases is not permitted within
the same database (e.g. "Design data" and "Design Data").

4.2.2 Tabletype

(Optional) This property is used for data assignment and reporting in Ml:Materials Gateway. For
example, Table type is set on the Product Risk database tables as shown here:

34

Ansys GRANTA MI 2021 R1- © Ansys, Inc. All rights reserved. Contains proprietary and confidential information of Ansys, Inc.

and its subsidiaries and dffiliates.



GRANTA MI Schema Guide—Tables

Atable contains a set of associated records, along with attributes, subsets, and layouts.

=

Table Name Default Subset Default Layout Table Type &
MaterialUniverse All records All attributes Universe, Material
Transport All transport Transport Transport
Restricted Substances All substances Restricted substances Substance
Specifications Specifications Specifications Specifications, InHouse
Shape Shape dass Shape dass Shape
Electricity mix All regions Regions Region
Reference All references All references Reference
Producers Producers Producers Producers
ProcessUniverse All processes All processes Process, Universe
Processes -inhouse Al processes All processes Process, InHouse
Bought-in Articles All bought-in articles All attributes Parts, InHouse
Use - mobile mode All mobile modes Use - mobile mode MabileUse, Transport
Legislations and Lists Al legislations Legislations Legislation
Materials - in house All materials All attributes InHouse, Material
Use - static mode Energy conversion options Energy conversion optiong EnergyConversionOptions

o - 2 nd.af lif ndOA ifaNnticas:

This may be up to 255 characters long.

4.2.3 Default subset

The default Subset for a table determines which Subset will be selected by default in the MI:Viewer
Contents pane. For example, the default Subset for the MaterialUniverse table in the Ml:Training
database is All bulk materials:

Contents
MI: Training r ﬁ
Type a unique name for this table: { » -
Metenslverse 1 Agmin: defaul v =] ¥ MaterialUniverss
Table type: Sllzs 212t BOIES SubsetAll bulk materials (Defaul|
ot a Table property T [l =Saucnl bulk it | 7 Available
3 » 3 [Mio Supset | Subsetsin
Select the default subseat forthis table: g ™ Aerospace materials | Wi Viewer .
‘Al bk matericls ! * 3| Al bulk materials (Default) !
1| ceramics ;
P 3| Mmetals hrs
P [=| ¥| Polymers ,1
>[5 ¢ Restricted Substances,—_________If
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4.2.4  Default layout

The default Layout for the Table is used in Ml:Viewer when 'No Subset' is selected in the Contents
pane. (When a Subset is selected, the Layout associated with that Subset is used.)

Read Mode
Edit Mode

Ml Viewer

Contents  Search [ ————— 1

View Tools Units

MI:Training v
When user selects 5
» a subset...
— 3 ...the Layout associated with that
= D R ' Subset is automatically selected
Y Subset Aerospace ma

» [3 ¥ Metals and alloys

4.2.5 Quality ratings system

Assign a Quality Ratings System to a Table to allow quality ratings to be applied to all data in the
Table. For example, the Test Data Quality System is specified for the MaterialUniverse table in the
MI:Training database, allowing quality ratings to be assigned to data on datasheets in Ml:Viewer:

Edit Table: MaterialUni ml_ L T
it Table: rialUnive

Select the quality ratings system forthis table: i b
250 maraging steel, maraged at 900F : Flexural modul
Test Data Quality system ging 1 g (

Create new Quality Ratings System
N I e S

o Data Quality Rating Notes -

Setting quality

Test Data Quality system Foor T rating values in
MI:Viewer

e -
el i e et Tt B e i gy

Changing or removing the Quality Ratings System will delete all ratings in the database which have
been assigned to data values (data values themselves are unaffected).

42.6 Hide table completely, Browse table, Search table

These options control whether or not the table is available for browsing and searching in GRANTA Ml
applications.

Hide table completely

The Hide table completely option can be used to hide the table from application users. This option
overrides the Browse table and Search table settings, which can be used to independently control
the ability of users to browse and search a Table.

36

Ansys GRANTA MI 2021 R1- © Ansys, Inc. All rights reserved. Contains proprietary and confidential information of Ansys, Inc.
and its subsidiaries and dffiliates.



GRANTA M| Schema Guide—Tables

The effect of turning the Hide table completely option ON is as follows:
Application Effect

MI:Viewer The table does not appear in the Browse tree.

No Attributes in the table are available for selection in the Search for
attributes and data list or from the Attribute browser on the Advanced
Search page.

No records in the table will be returned in text searches because the text
data in the table is not indexed.

MI:Explore In Ml:Explore, the effect of the Hide table completely option varies
depending on the user's role.

Read, Write, Grant, and Power Users:

e Do not see any Attributes from hidden Tables in the list of filters in
the Search pane (even if they are included in the search Layout).

e Do not see search results from hidden Tables (because the text data
in the table is not indexed).

Admin users: the Hide table completely setting is ignored; Admin users
can always see Attributes from hidden Tables in the Search pane and
records from hidden Tables in search results.

MI:Toolbox By default, the table will not appear in the Browse tree. This default can
be configured by changing the Show Hidden Tables application setting in
Toolbox.exe.config.

Data can still be imported into the table.

Other applications Admin users can always see/access hidden Tables; Read, Write, Grant,
(e.g. MI:Mat Analyzer, and Power User cannot see or access hidden Tables.
MI:Workflow)

When you change the value of the Hide table completely option, the table will automatically be re-
indexed.

Hiding a table using this option may be useful in cases where the table is the destination table for
some tabular data, but you only want to see that data in tabular format, not by itself. It could also be
used to hide a table from users temporarily, for example, while it is being initially populated with
data.

Browse table

The Browse table option controls whether or not the table appears in the Browse (Contents) tree in
MI:Viewer; it has no effect on behavior in any other applications.
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Search table
The Search table option controls:

e Whether or not text data in the table is indexed, and is therefore searchable.

e Whether or not Attributes in the table can be used to filter searches in MI:Viewer and
MI:Explore.

When you change the value of this option, the table will automatically be re-indexed.
Search table = ON:
e The text data in the table is indexed, and records in the table will be returned in text
searches in Ml:Viewer and Ml:Explore.

e |n Ml:Viewer, the Attributes in the table will be available for selection in the Search for
attributes and data list and in the Attribute browser on the Advanced Search page.

e In Ml:Explore, the Attributes in the table will appear in the Search filter panel (if they are
included in the relevant Layout).

Search table = OFF:
e Text data in the table is not indexed, and therefore no records in the table will be returned in
text searches in Ml:Viewer or Ml:Explore.

e The Attributes in the table will not be available for selection on the Advanced Search page in
MI:Viewer or in the Search filter panel in MI:Explore. Note that this will override the
Attribute can be used as a search filter setting on individual Attributes.

Summary of table Hide/Browse/Search options

Table appears in Attributes in the Records in the table
Browse/Contents table can be used as are returned in text
tree search criteriaffilters searches
(Viewer and Toolbox) (Viewer and Explore) (Viewer and Explore)
Hide table completely = OFF yes yes yes
Hide table completely = ON no no no
Browse table = ON yes
Browse table = OFF no
Search table = ON yes yes
Search table = OFF no no

427 Datasheet headers and footers

Datasheet header and/or footer text defined as Table properties will appear in MI:Viewer on all
datasheets for the records in the Table. For example:

<p style="color:gray; font-style:Italic"">&nbsp;&copy; MyCompany 2019. For
corrections please email <a href="mailto:data@mycompany.com?Subject=DATA
QUERY">data@mycompany.com</a></p>
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E 250 maraging steel, maraged at 900F 2

General properties

Designation

e At i

NN

PR RN -

Images can also be included in datasheet footers and headers by linking to them with an HTML <img>
tag, allowing a company logo, for example, to be included on all datasheets. To reference an image
file stored in the database, for example, one of the database home page resources, you can specify a
relative pathname by including the database key in curly braces as follows (the database key is not
case-sensitive):

<img src="homepagefiles/{MYCO_MATERIALS_DB}/MYCO_logo-footer.png">

This will display the image MYCO_Jlogo-footer.png located in the homepagefiles folder in the
MYCO_MATERIALS_DB database at the bottom of every datasheet.

To define the header and footer content, enter text in the Set a header note... and Set a footnote...
boxes. You can enter plain text or HTML (HTML will not be validated).

4.3  Version Control—tracking data changes in a Table

In many businesses, such as aerospace and the medical device industry, the traceability of data is
crucial to fulfil regulatory and compliance requirements. Record version control in GRANTA Ml
ensures that data used during the design of a product is automatically tracked, and can be accessed
throughout the lifetime of that product even if that data has been superseded many times.

Version control is enabled on individual Tables in a database and applies to all of the records and
data in that Table.
e Any changes to data in the Table, including metadata, and quality ratings, are tracked.

e Changes to record properties, including Full name, Short name, Short code, Color, Record
type are tracked.

e Changes to access control settings are not tracked.

e Changes to record and data links are not tracked.

e Data schema changes (e.g. adding/deleting Attributes, Subsets, Layouts) are not tracked.
To ensure that full traceability is maintained:

e Version control for a Table cannot be turned off once it has been enabled.

e Version-controlled Tables cannot be deleted.

See the GRANTA Ml Record Version Control guide for more information.

A version control signature may be displayed at the top of datasheets in Ml:Viewer, for example,
showing the date the record was released, and the user name of the person who released it. The
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signature is also displayed when viewing the data for an individual Attribute for a released record.
The signature is shown in Read and Edit mode, to all users who have privileges to view the record.

Lo I !

E 250 Grade Maraging, Maraged at 900F, Plate, Thickness: 0.1875 to 0.251 in, Al

o

-~

This record was released on Thursday, March 29, 2012 at 9:38 AM by Granta Design 38. r

General .:

Common Name AMS 6520, 250 Grade Maraging Jf

Thickness 0.188 to 0.251 in H

Product Form Plate "I

s e T ot o T Sy NP PP e S S |
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5 Attributes

51 Overview

In GRANTA M, Attributes are used to define the characteristics of data. An Attribute's data type
determines what kind of data it can store, and the characteristics and behavior of the stored data,
such as the units for numerical data or the parameters for functional data.

For example, a polymer record may include Attributes that capture general information such as
designation and trade names, physical properties such as density, mechanical properties such as
tensile strength or flexural modulus, and bio-data such as sterilizability and radiopacity. Test data
records may include Attributes that specify the test ID, operator, and the date the test was
performed, as well as the test results.

Subsidiary information such as statistical information or notes about the sources of data, can be
stored alongside the data value in Meta-Attributes, for example:

E Microalloyed steel, C - 0.3Mo, SA/EN 10216-2, Type 16Mo3, Smis. tube, 16 <t <= 40mm

Stress vs Temperature
Maximum allowable stress View Graph
[~ Notes
G11: General Requirements - Upon prolonged exposure to temperatures above 475°C, the carbide phase of carbon—molybdenum steel

Notes may be converted to graphite. See Nonmandatory Appendix A, A-201 and A-202.

Meta- S2: Size Requirements - For Section | applications, stress values at temperatures of 475°C and above are permissible but, except for
Attribute

stores tubular products 75 mm Q.D. or less enclosed within the boiler setting, use of these materials at these temperatures is not current

metadata practice
T3: Time-Dependent Properties - Allowable siresses for temperatures of 455°C and above are values obtained from time-dependent

L— properties

Meta-Attributes are table-level objects with the same properties as Attributes, and can be any
GRANTA Ml data type.

In the MI:Viewer and Explore applications, the visibility of Attributes and Meta-Attributes in
datasheets is determined by the Layout configuration and, for Ml:Viewer users, on additional end-
user datasheet view preferences; see Layouts Meta-Attributes in Layouts.

5.2 Datatypes

The data type of an Attribute or Meta-Attribute determines what kind of data it can store. GRANTA
MI supports the following data types:
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Category Ilcon Data Type
o Integer
Numerical | = Point
data
4 Range
t Short text
T Long Text
Text data
= Discrete
B Float
Functional
E i
Functional ag:al_tcl)o?cs
data g
T Discrete
Functional
File
Media
data # Picture

7 Hyperlink

Units? Code
v INT
v PNT
v RNG
STXT
LTXT
DCT
v FDA
v MAFN
FDD
FIL
PIC
HYP

Use to store

Numbers without a decimal
point.

Floating point numbers.

A pair of numeric values
representing the upper and
lower bounds of the value
range.

Text up to 255 characters
(including spaces and
punctuation).

Text up to 1,048,576
characters. Long Text values
can include basic text
formatting using Markdown
formatting syntax.

Non-numerical data that can
only take values from a
discrete value set.

Numerical data that is a
function of one or more
Parameters.

Numerical data calculated
from other Attribute values
using an equation.

Discrete, non-numerical
values, where the value is
determined by one or more
parameters.

Entire data files—Word
documents, PDF files, text
files, video files.

Image files such as photos or
schematics

Hyperlinks (URLs, email links)
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Example Attributes

Failure strength
points, Maximum
Number of Passes,
Pretest Cycles

Density, 0.2% Offset
Yield Stress

Grain Size, Casting
energy, Cutting speed

Common Name, Color,
Specimen ID

Analysis Notes,
Designation

Polymer Class,
Geographical Area,
Material Type

Tensile Stress/Strain,
L, Thermal
Conductivity with
Temp.

Relative Cost Index
(per unit), Specific
Strength

Environmental
Resistance

Substances list,
Analysis File, Test File

Process schematic, BH
curve, Fractography

Reference, More
information
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Category Icon Data Type Units? Code  Use to store Example Attributes
Date DAT Dates Effective date, Date of
Analysis
1 Logical LOG Boolean data, where values Thermally conductive,
are either True/Yes or Extrusion, Tests
Other False/No performed?
# Tabular v TAB Complex data organized into  Test details, Restricted
rows and columns; multiple, substances associated
independent values each with this material

with their own data type

e The data type codes shown above are used when copying and pasting Attribute definitions
between MI:Admin and the clipboard, and when importing/exporting data. Note that the
Excel Importer and Excel Exporter plug-ins use two different codes for functional data to
differentiate between series and grid functional data:

e FDA = series functional data
e GFA = grid functional data

5.3  View and manage Attributes

To view and manage the Attributes and Meta-Attributes in a Table: in the MI:Admin Schema tool,
double-click to expand the table in the lower left Tables pane, then click on Attributes. All of the
Attributes defined in the Table are listed.

5.4  Attribute properties
Attributes in GRANTA MI may have the following properties.

5.4.1 Name (all data types)

This may be up to 255 characters long. It cannot start or end with a space character, and any leading
or trailing spaces will be stripped on saving the Attribute definition. The name must be unique within
the Table; it is not treated as case-sensitive and so the same name with different cases is not
permitted within the same Table (e.g. "Polymer type" and "Polymer Type").
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5.4.2  Attribute can be used as a search filter (all data types)

This property controls whether or not the Attribute will be available for selection as a search criteria
in Ml:Viewer Advanced Searches, and as a search filter in MI:Explore.

Attribute can be used as a search filter = ON

MI:Viewer users can select the Attribute from the Search for attributes and data list or from
the Attribute browser on the Advanced Search page; Ml:Explore users will see the Attribute in
the list of filters in the Search pane (if it is included in the relevant Layout).

MI:Viewer users
can include itin
Advanced Searches j naser sesren

v Search for attributes and data @ ( hy Browse
; Mi:Training
Attribute configuration ’ = Mi:Training
A1 S ) w | MatenalUniverse
(MI:Admin) (den I P fo i

{ MatenalUniverse > Density

MaterialUniverse ‘Density’ Design Data > Density J
— Composite Design Data > Density ', & =Material form
|} Attribute can be used as a search filter (o L G [ g o e eyt ) T Tradenames
el P mmniamDastin| General properties !
?
/‘
MI:Explore
i} [ | 324 users can
filter on it
SUKG ¢
A= AP SPr SR S ¥ rareas b

Attribute can be used as a search filter = OFF

In an Ml:Viewer Advanced Search, the Attribute will not appear in the Search for attributes
and data list or in the Attribute browser; in MI:Explore, it will not appear as a filter in the
Search pane (even if it is in the relevant Layout).

Density does not appear as
an aftribute search criteria

in MI:Viewer
N Hesel Search

+ Search for attributes and data 6

n|may Browse

Afttribute corfiguration MI:Training
(M1 Admin) = MI:Training
den I chfo ~ MaterialUniverse
= = General properties
MaterialUniverse 'Density’ , T Eﬁ gnation
I Price
EEMaterial for
| Attribute can be used as a search filter S > =Haterial form
~ e et i i e i % owse ; T Tradenames
e B COMBOSINON Svenie
General properties
MI-Explore
users can't
filter on it
i i y
¢
- = -~ -~ ™ o 4
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Note that the Attribute can be used as a search filter property does not determine whether or not
text data in Attributes of this type is searchable: text values and text in embedded files is indexed—
extracted, stored, and made searchable—automatically when the database is initially loaded into
GRANTA MI, and when Records are added to a database. See also Searchable text.

5.4.3 Default Threshold Type (all data types)

For Attributes that can be used as search filters, this specifies the default option offered when
choosing the search criteria threshold on the Advanced Search page in Ml:Viewer.

¥ Durability: fluids and sunlight

UV radiation (sunlight) | Default threshold in
iz at least vﬂ kAN tewer Advanced
i5 Search Ul

is one of

is at most

is not

exists

does not exist

5.4.4  Help page (all data types)

Information about the Attributes in your system can be provided in the form of help topics that are
displayed in a pop up window when users click on an Attribute name in Ml:Viewer.

For example:
FUIYINET Lype FVGF (Blasiunnes) [
Polymer type full name Pahanaut chlarida _alscinmar nls
MiViewer Notes - Google Chrome - D X
% filler (by ij1qml
Filler type : % filler
!n detail (polyme Percentage (wt3s) of filler in the polymer, Includes only reinforcing fillers, such

as glass, carbon fiber, mineral, and graphe.
Does not inchude typacal scditives (such as flame retardants), impact modifiers
plastiozers, or lubncants (such as PTFE silicone, or Mo52). These are refered to

Ao --r-m,«;h.f\“t"-.;'_’ P g T g A PR S C L

HTML-based help (HTML, CSS, images) may be created outside of GRANTA Ml and then imported into
the database on the Files > Help Pages tab in MI:Admin Schema tool. Attributes can then be linked
with the relevant help topics by entering the help file path in the Attribute help page field, for
example:

Enter the pathto a help page forthis Attribute (optional):
|,.'hh'nl,."ath'il:uutenu:utesfen,."material,."Du:uwncyde.ht‘nl

..--E..-q_l_,--;. e s el e I e Y e
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e Aleading forward slash '/' is optional.

e The Help Pages folder name (under which all Attribute and Parameter help files are located,
see Files) should not be included in this path.

e Multiple Attributes can be linked to the same help page.

5.4.5 Values must be unique (Integer, Short Text Attributes)

Enforces a uniqueness constraint to ensure that no duplicate values can be entered for the same
Attribute within a table. When determining the uniqueness of a datum:

e (Case is not significant: YDO314A is the same as yd0314A.

e Leading white space is significant; trailing white space is not significant.

e Accents are significant: the character 6 is not the same as o.

e Unpopulated data and Not Applicable data are not considered, so a table can have multiple
records with no data (or not applicable data).

e Meta-Attribute values are not considered.

e For access-controlled records, uniqueness is guaranteed across the whole data set (not just
the records that the current user has access to).

e For version-controlled records, the value must not be in use in the latest Unreleased or latest
Released version of any other records, but may be set to the current released value of this
record.

It is not possible to set the Values must be unique property on an existing Attribute unless all records
already have unique values for that Attribute.

When importing data using the Text Importer, Excel Importer, or Bulk Data importer, records are
imported one by one; successfully imported records are not removed if a subsequent record fails to
import because of a duplicate value conflict. The Data Updater will also apply uniqueness constraints
during data updates, and record any errors in the Conflict Report.

5.4.6 Discrete type (Discrete Attributes)

Identifies the Discrete Type for Discrete (text) and Discrete Functional (numeric) Attributes; the
available Discrete Types are defined at database level, and may be used in several different Tables
and Attributes.

5.4.7  Allow multiple values (Discrete, Point Attributes)

For Discrete Attributes, this property allows the Attribute have more than one value at the same
time. See Discrete Attributes.

For Point Attributes, this property allows the value to be a function of one or more parameters. See
Point Attributes.
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5.4.8 Treated as zero for Substitution if empty (Point, Range Attributes)

When using the Substitute module in Ml:Viewer to perform substitution calculations, Attributes with
no data can be ignored i.e. excluded from substitution calculations (this is the default behavior) or
they can be treated as having a value of zero and included in the substitute calculations.

5.4.9 Attribute contains range data (Float Functional Attributes)

Specifies whether the Attribute can contain range data or point data. See Functional Attribute
properties.

5.4.10 Axis Label (Float Functional, Equations & Logic Attributes)

Specifies the label which will appear on the chart X axis on datasheets. See Functional Attribute
properties.

5.4.11 Allow extrapolation (Equations & Logic Attributes)

Specifies whether or not extrapolated values are shown on the data chart in Ml:Viewer. Note that
this property only affects the display of charts in datasheets; when searching, extrapolated values are
not used. See Functional Attribute properties.

5.4.12 Show as arange (Equations & Logic Attributes)

Specifies whether the data will be displayed a range or as a point. See Functional Attribute
properties.

5.5 Data Link Groups

Data Link Groups allow additional/related data to be shown on a datasheet alongside the Attribute's
data in Ml:Viewer, for example, where a value has been derived from one or more values in other
records. (Data links are not shown in Ml:Explore).

Data Link Groups include static, permanent links from an Attribute in one record to an Attribute in
another record, in the same or in a different Table. The Data Link Group specifies the target Table
and Attribute; data links are then added to the group or removed from it manually in MI:Viewer, or
via data import (auto-links).
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Example: the Based on Test(s) Data Link Group here shows the test data values that were used to
derive the 0.2% Offset Yield Stress value in a statistical data record:

Tensile Results

Tensile Statistical Data Table

& A 0.2% Offset Yield Stress

Data links r

3 Base& on I"esrrs)""

= [RERPIVALS

0.2% Offset Yield Stress
= RERFIVE

0.2%; Offset Yield Stress
= RERFIVG,

0.2%: Offset Yield Stress
= [REIRFI Ya)

0.2%: Offset Yield Stress
B L13L12a89T

0.2%: Offset Yield Stress
= RERFLVAEN

0.2% Offset Yield Stress
= [RERFLVEEY,

0.2% Offset Yield Swress
Bl v13L128a15T

0.2% Offset Yield Stress
= [RERFIVNba s

0.2%: Offset Yield Stress

183 ksi
H
H
H
i
184 ksi
H
:
183 & ksi
188 ksi
Tensile Test Data Table
E L13L12AA1T
Linked data |
Tensile Yield Results
é 0.2% Offset Yield Stress 184
Used in statistical analysis
[&] L13L12 - 9 Samples
0.2% Offsert Yield Stress 183
E L13L12AA3T
Linked data
Tensile Yield Results
& 0.2% Offset Yield Stress 183
Used in statistical analysis
[&] L1312 - 9 Samples
0.2% Offset Yield Stress 18.3

When linked data for an Attribute is available, a & Data link symbol appears next to the Attribute
name in the datasheet, and users can click this to view the data.

Tensile Results [—‘l
Data Link
& @ 0.2% Offset Yield Stress . Group name 183

I | Based on Tesi(s)
Click to show or = [RERPZV NS

hide linked data 0.2% Offset Yield Stress 18.4
= IREIRPIVE S

0.2% Offset Yield Stress 183
= IREIRPIV G

0.2% Offset Yield Stress 18.8

R T T e S N S Y i U S VR G S o

ksi
J Linked |
‘1 data ‘

ksi

ksi

The Data Link Groups for an Attribute are defined on the Attribute in the MI:Admin Schema tool, and

specify:
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e The target Attribute(s) or Meta-Attributes, which may be in the same Table, or in a different
Table.

e The name of the group, which is used as the heading on datasheets for the links in the
forward direction (the links to the target records /Attributes). In the example above, this is
Based on Test(s).

e Alabel which is used as the heading on datasheets for the link in the reverse (target ->
source ) direction. In the example above, this is Used in statistical analysis.

e An optional notification message which, when set, is shown in the target record datasheet.

Click to show or hide the
notification message for
the data link group

Tensile Yie’ _.<esults
g & @j 0.2% Offset Yield Stress 18.4 ksi

Used in statistical analysis
L13L12 - 9 Samples
0.2% Offset Yield Stress 183 ksi

Be aware that editing this data may cause inconsistencies

Notification
message

o= Tapcila StrapestterNaeits -

P . e T P g e

5.6 Date Attributes

Date Attributes (DAT) are used to store calendar dates, for example, Saturday, January 1, 2000.
Searches can be performed on date fields using the search criteria is on, is on or after, is on or before,
is between, exists, and does not exist.

Note that the display of Date values in Ml applications depends on regional date and time settings,
for example:

Dates shown in current locale Dates shown in current locale on
in MI:Viewer datasheet M1 Viewer Advanced Search page
Date of Analysis Tuesday, March 16, 2004 Date Test Performed
ison L 118201
Date Test Performed Manday, December 2, 2002 =0 92-' &209 1242002
Date of Analysis 20043 38 168 22E Date T_P'St Performed
i ) ks ¥ | 2019-02-18
Date Test Performed 20022 12& 2% €2% Z002-11-30 - 2002-12-0
Date of Analysis 16 mapTa 2004 1 Date Test Performed
Ha gary v | 15.02.2019
Date Test Performed 2 pexadpa 2002 r. 30,11 2002 - 04.12.2003
49

Ansys GRANTA MI 2021 R1- © Ansys, Inc. All rights reserved. Contains proprietary and confidential information of Ansys, Inc.
and its subsidiaries and dffiliates.



GRANTA MI Schema Guide—Attributes

5.6.1 Date Attribute properties

Name

This may be up to 255 characters long. The name must be unique within the Table; it is not treated as
case-sensitive and so the same name with different cases is not permitted within the same Table
(e.g. "Date of build" and "Date of Build").

Attribute can be used as a search filter

Determines whether or not the Attribute can be used as a search filter in MI:Explore and Ml:Viewer.

Default Threshold Type

Specifies the default option offered when choosing the search criteria threshold for the Attribute on
the Advanced Search page in Ml:Viewer.

For Date Attributes, this can be set to one of: is on, is on or after, is on or before, is between, exists,
does not exist.

Help page (optional)

The location and name of a file containing help information about the Attribute/data ("Attribute
Note"); when this is configured, MI:Viewer users can view the notes by clicking on the Attribute
name in a datasheet in MI:Viewer.

5.7  Media Attributes (File, Picture, Hyperlink)

File, image, and hyperlink data are stored in GRANTA MI databases as embedded media. Where the
appropriate tools are available on the client PC and the IIS configuration permits it, embedded media
items can be viewed within the Granta application window, or in a separate tab/window. If an
embedded media item cannot be opened, security permitting, users will be able to download a copy
of the file to the client PC.

e The contents of embedded media items cannot be edited in GRANTA MI.
e |tis not possible to compare embedded media items in a report.

e Access control permissions (in a permission-based access control system) can be applied to
File and Picture Attributes in the normal way, though these permissions are not applied to
the file itself.

57.1 File Attributes

File Attributes (FIL) may be used to store data files up to 500 MB in size, for example, text or PDF
files, Word documents, video files. (Files that are larger than this (up to a maximum of 2 GB) may be
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stored outside the MI database and accessed from within Ml via specially-configured hyperlink
Attributes.)

File Attribute in Ml:Viewer Edit mode:

Data

Reference Characteristics Flie AMS 6520 800°F
_9!_)99;9 me | No file chosen
¢! Allow file contents to be searched

Description AMS 6520 800'F
Target Right content pane v
Not Applicable

Corresponding File data viewed in MI:Viewer and Ml:Explore (when specified, the Description is
shown instead of the filename in Ml:Viewer):

MI:Viewer datasheet (Edit mode)

g o s e N P o - — -
Reference values
ﬁ Reference Characteristics AMS 6520 800°F
frre - M () 2%.0ffset wisld-tess (Specification valuel . 188 o o -

MI:Explore datasheet

Reference values
Heference Charactenstics ANE B520 Reference Charactenslics wI'H'IE\'}rEE'S = pﬂr

A Offestyinhd ehopsa 4300 MPA-~ — - e P i o

57.2 Picture Attributes

Picture Attributes (PIC) can be used to store images in records, for example, schematics or BH curves.
Image files up to 10 MB in size are supported.

E 2013-04-15 CLAD-2321 01

Three-Dimensional Beam Profile

Click to open full-size in a new window i
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5.7.3  Hyperlink Attributes

Hyperlink Attributes (HYP) can be used to store Uniform Resource Locator (URL) data consisting of a
protocol and location e.g. http://www.grantadesign.com. They are typically used for Website links
and email addresses, for example.

Further information
Reference 1

Reference 2

Reference 3

N AT I

Supplier

Supplier e.mail mailto quanty

L1 P g I e SN e e

Hyperlink Attributes may include Replacement strings, which are placeholders that allow part of the
Address URL to be defined in MI:Admin and then inserted into the URL when it is resolved in the
user's Ml:Viewer browser.

Using Hyperlinks to provide access to large files on disk

Files that are too large to store in GRANTA Ml (larger than 500 MB, up to a maximum of 2 GB) can be
stored on disk on the same machine as Ml:Server, and then downloaded direct from the server to the
MI:Viewer client machine via specially-configured Hyperlink Attributes in datasheets. To configure
this feature:

e Define a Hyperlink Attribute with a Short Text Meta-Attribute that will be used to specify the
location of linked files.

e Edit the MI:Viewer configuration file ViewerSettings.config to add a new <remotefiles>
element that identifies (a) the root folder of the target file(s), and (b) the Meta-attribute
used to store the relative path to files within this root folder.

o In Ml:Viewer, for records that will include links to external files, edit the Hyperlink Attribute
to specify the target filename and to specify the address string in the following format:
/mi/RemoteFile/Get?Attributeld={Attributeld}&recordid={recordid}&databaseKey={databaseKey}

For full details of the required configuration to enable this feature, see the GRANTA M|
Administrator's Guide.

5.7.4 Searchable text

Text that has been indexed can be searched. Indexing—extracted text, storing it, and making it
searchable—happens automatically when a database is initially loaded into GRANTA MI, and
whenever data is added to a database.
e The Description field for File and Hyperlink data is indexed, and therefore may be searched.
e Filenames and hyperlink URLs are not indexed, and cannot be searched.
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The text in individual embedded data files (e.g. documents, spreadsheets, text files, PDFs) may or
may not be indexed:

These common file types are indexed by default: .doc .docx .html .key .mbox .msg .ods .odt
.odp .pages .pdf .ppsm .ppsx .pptm .ppt .pptx .txt .rtf .xls .xlsx .xml

Embedded files that are not one of these file types will not be indexed, and so will not be
searchable even if the Allow file contents to be searched option is set on the datum in
MI:Viewer (see below). You can specify the file types that are indexed by default via search
configuration settings in the Ml:Server configuration file MIServer.exe.config; see the
GRANTA Ml Configuration Guide for details.

An Allow file contents to be searched option can be set on the file datum in Ml:Viewer to
prevent an individual file from being indexed, and so exclude it from searches, for example:

Legislation text File COMMISSION REGULATION (EU) No 348/2013 - The Authorisation List
Choose file | Mo file chosen
[#| Allow file contents to be searched
Description COMMISSION REGULATION (EU) No 348/2013 - The &2
Target Current pane T

Note that the Attribute can be used as a search filter property on the Attribute does not determine
whether or not data stored in a File Attribute is indexed/searchable, only whether or not the
Attribute can be used as a search criteria/search filter in MI:Viewer and Ml:Explore.

If a File Attribute has the Attribute can be used as a search filter option deselected, and a File datum
has the Allow file contents to be searched option enabled:

5.7.5

Name

Users will not be able to select the Attribute as a search criteria on the Advanced Search
page in Ml:Viewer, or use it as a filter in Ml:Explore.

Text searches performed in Ml:Viewer and Ml:Explore will return the record if the file data or
description contains the search term.

Media Attribute properties

This may be up to 255 characters long. The name must be unique within the Table; it is not treated as
case-sensitive and so the same name with different cases is not permitted within the same Table
(e.g. "Drawing file" and "Drawing File").

Attribute can be used as a search filter

Determines whether or not the Attribute can be used as a search filter in MI:Explore and Ml:Viewer.

Default Threshold Type

Specifies the default option offered when choosing the search criteria threshold for the Attribute on
the Advanced Search page in Ml:Viewer.
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For Picture Attributes, you can choose from: exists, does not exist. For File and Hyperlink Attributes,
you can choose from: contains, exists, does not exist.

Help page (optional)

The location and name of a file containing help information about the Attribute/data ("Attribute
Note"); when this is configured, MI:Viewer users can view the notes by clicking on the Attribute
name in a datasheet in Ml:Viewer.

5.8 Functional Attributes

Functional Attributes are used to store data which is a function of one or more parameters. Typical
material database examples include Young's Modulus vs Temperature (1 parameter, Temperature),
Stress vs Time (2 parameters, Time and Temperature).

GRANTA Ml supports 3 different functional data types: Float Functional, Discrete Functional, and
Equations and Logic.

5.8.1 Float Functional Attributes

Float Functional Attributes store a point or range value which is dependent on one or more discrete
(text) or numerical parameters. Values are stored to a maximum of 15 significant figures.
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The data points for Float Functional Attributes may be specified in series or gridded format:

Series data:

Parameter 2

Parameter 1

e Data points are specified in more or

more series, where only the
parameter changes

e The number of points across each

series can vary.

Gridded data:

Pararmeter 2

Parameter 1

Data points are specified as a grid

All parameter values are specified for
each data point

Suitable for data that is regular,
complete, highly curated, or where
you want users to be able to change
the x-axis, or where you want to do
multi-dimensional interpolation in
GRANTA MlI.

Example: this series Float Functional Attribute includes tensile stress/strain data:

18

|54 Q Tensile Stress/Strain, L Hide Graph
30 1 T T T T T T T T
3
300 4 ]
:
1
- 230 4+ 4
T i
=
® 200 § 3
B
a
s 150 +
2 :
E
" 100 3
{
50 4 ]
.
0 3 - + + + + + + +
00 02 04 06 08 10 12 14 16
Strain (% strain)

Graph Tools| Add 1o Comparison Chart |Copy

Stress/Strain Curve Type - Time (hr) | Temperature ('F)

05 -100
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Data points (series data)

Tensile Stress (ksi) Estimate [*)  Strain (% strain) Temperature ['FF Time [hr) Sll'&!!,llshall'l Curve Type Other  Line Type
o 1] -99,99941101 0.5 Yield lines
575 0.209000006 -49.99941101 05 Yield lines
2185 0.795000017 -99.99941101 05 Yield lines .
25875 0.08299998 -99.99941101 05 Yield lines Series 1
276 1.203999996 -99.99941101 05 Yield lines
285.2000122 1475099951 -99,99941101 05 Yield lines
0 0 20.00056152 05 Yield lines
53.75 0.202999994 80.00056152 05 Yield lines
20425 0.771000028 £0.00056152 05 Yield lines :
241.8800049 0.843999928 £0.00056152 05 Yield lines Series 2
258 1174000025 80.00056152 05 Yield lines
266.6000061 1475000026 20,00056152 05  Yield lines
0 0 300.0001892 05 Yield lines
475 0.187000006 300.0001892 05 Yield lines
180.5 0.711000025 300.0001892 05 Yield lines _
213.75 0.671999979 300.0001892 05 Yield lines Series 3
228 1.09800005 300.0001892 05 Yield lines
232 6489939 1.383099944 300.0001892 05 Yield lines

Note that while the internal code used for Float Functional data is generally FDA (for example, when
pasting Attribute definitions from the clipboard), when importing and exporting functional data, the
Excel Importer and Excel Exporter plug-ins use different codes to differentiate between series and
grid functional data:

e FDA = series functional data

e GFA = grid functional data

56

Ansys GRANTA MI 2021 R1- © Ansys, Inc. All rights reserved. Contains proprietary and confidential information of Ansys, Inc.
and its subsidiaries and affiliates.



GRANTA MI Schema Guide—Attributes

5.8.2 Equations and Logic Attributes

Equations and Logic Attributes store numerical data as an expression that describes how the value
varies dependent on one or more parameters. You may also see this type of Attribute also referred
to as "math functional" or "EEL". Values are stored to a maximum of 15 significant figures.

For example, the data on applied stress vs. number of cycles to failure in this steel record is provided
by the Equations and Logic Attribute Fatigue strength model (stress range):

Fatigue strength model (stress range) 18210 30.3 ksi

Parameters: Mumber of Cycles = 1e7 , Stress Ratio = -1

Fatigue strength model (stress range)
80 - . . .

Fatigue strength model {stress range) (ksi)

o=
t
1

100 1000 10000 100000 1000000 10000000 100000000
Number of Cycles

This data is calculated using the Fatigue Model Expression:

B0 Expression *
[A:Tensile strength] / ({1 + [P:5tress Ratiol) / (1 — [P:S5tress Ratiocl]) +
[A:Tensile strength] / (([A:Tensile strength] * (1 + [A:Elongation] /S 100) -
[A:¥ield strength (elastic limit)]) / {(logi{l + mean([A:Elongatiomn] / 100)) -
[2:¥ield strength (elastic limit)] / (1000 * [A:¥oung's modulus])) * logi(l +
mean | [A:Elongation] / 100)) * (2 * [P:Number of Cycles]) = —-0.& + [A:Tensile
strength] * (1 + [R:Elongaticon] / 100) * (2 * [P:Number of Cycles]) =~
{logld{mean | [A:Fatigue strength at 107 cycles] / ([&A:Tensile strength] * (1 +
[Z:Elongation] / 100131} / logld (2000000033 )1)

The expressions used to evaluate Equations and Logic data are defined per-table in the MI:Admin
Schema tool, and may include:

e numeric Attributes (e.g. Elongation, Tensile strength)

e parameters (e.g. Stress Ratio) and constants
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e functions (e.g. log, mean)

Equations and Logic Attributes can be configured to permit Ml:Viewer users to specify a different
expression, if required:

Attribute’s Expressions

- Expression selection
X Expression and Domain i ' -
0.2% Creep Curves () © options in MI:Viewer

01.2% Creep Curves '[l datasheet
From attribute
0.2% Creep Curves

Default Axes Preferences

Attribute

properties - [ ABow all compatible expressions

, ) Expression and Domain . .
Attribute’s Expressions Expression selection

[0.2% Greep Curves () [0.2% Creep Curves ﬂ> i/ options in MI-Viewer
From attribute datasheet
0.2% Creep Curves
From table
. 0.1% Creep Equation
Attribute o } ) 0.5% Creep Curves
properties ] Alow all compatible expressions 5.00% Creep Curves
Alow ANONYMOUS ; 0.2% Creep Curves (2)
I: Expressons 0.2% Creep Curves (3)
» TTaNSpOsE aves Uy OaTaun

s
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Attribute’ resci Expression and Domain . .
bute’s Expressions Expression selection

0.2% Creep Curves (hr) [User defined expression i options in MI:Viewer
datasheet

From attribute
0.2% Creep Curves
From table
0,1% Creep Equation
0.5% Creep Curves
5.00% Creep Curves
[V Alow VMOUS ; 0.2% Creep Curves (2)
v anen SHpressions 0.2% Creap Curves (3)

Attribute

i | [ ABow all compatible expressions
properies

5.8.3 Discrete Functional Attributes

Discrete Functional Attributes store a discrete text value which is dependent on one or more discrete
text or numerical parameters.

Example: an Attribute representing chemical resistance data could have a five-point scale: 'Very

good' to 'Very poor', where the value depends on the chemical environment (Fresh Water, Salt
Water, and so on).

58

Ansys GRANTA MI 2021 R1- © Ansys, Inc. All rights reserved. Contains proprietary and confidential information of Ansys, Inc.
and its subsidiaries and affiliates.



GRANTA MI Schema Guide—Attributes

5.8.4  Functional Attribute properties

Name

This may be up to 255 characters long. The name must be unique within the Table; it is not treated as
case-sensitive and so the same name with different cases is not permitted within the same Table
(e.g. "Young's modulus with temperature" and "Young's Modulus with temperature").

Attribute can be used as a search filter

Determines whether or not the Attribute can be used as a search filter in MI:Explore and MI:Viewer.

Default Threshold Type

Specifies the default option offered when choosing the search criteria threshold for the Attribute on
the Advanced Search page in Ml:Viewer.

e For numeric functional Attributes, choose from: is, is at least, is at most, is between, exists,
does not exist.
e For Discrete functional Attributes, choose from: is, is one of, exists, does not exist.

Help page (optional)

The location and name of a file containing help information about the Attribute/data ("Attribute
Note"); when this is configured, MI:Viewer users can view the notes by clicking on the Attribute
name in a datasheet in MI:Viewer.

Allow extrapolation (Equations and Logic Attributes)

Specifies whether or not extrapolated values may be shown on the data chart. Note that this
property only affects the display of charts in datasheets; when searching, extrapolated values are not
used.
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Extrapolation not allowed:

Attribute properties,
extrapolation not
permitted

If user changes the
parameter extents in the
MI:Viewer datasheet
Graph Properties...

General Expressions Parame

[C] Allow extrapolation
A show as a range

L  Fatigue strength moded (siress range)
Paramelars: Mumbar of Cycles

1820303 ksi
a7 , Strass Rabio

. parameter Fatigue strength model (stress range)
X ais extents are
Title Number of Cycles modified, but no 1
extrapolated data
Minimum Auto scale is shown. =k
Maocimium / Auta scale ;3 50 + E
L —x axis E 40 4
L | Tie Mumbar of Cycles E_. i 7
i A 1 g @O+ E
Maimum 1000000000 E, 0 3
k]
Logarithmic t Ll | ! ' ' ' I L '
1 100 10000 1000000 100000000
Humber of Cycles
Extrapolation allowed:
General Expressions Parameb
Attribute properties,
extrapolation is [ ABow extrapolation
permitted
[#show as arange
If user changes the
parameter extents in the L  Fatigue strength moded (siress range) 1820303 kai

MI:Viewer datasheet

FParamelers: Mumbaer of Cycles = 1a7 , Stress Rabo = -1

120

0 1%

a0

&0 e

40

20 +

a

Fatigue strength model (stress range)

L : 2 5

1

00 10000 100000 100000000

Humber of Cyeles

Graph Properties... . parameter
X als extents are
Titie Number of Cycles modified and
extrapolated data
Minimum Auto scale 15 Shmﬂ (dotted
lines)
Maodmum / Auto scale %
L =% ais E
L | Titke Numbarf of Cycles E
2
E
Minimiaim. 1 i
=4
Maudmum 1000000000 z,
Logarithmic. o E
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Attribute contains range data (Float Functional)

Specifies whether or not the Attribute includes range data.

Axis Label (Float Functional and Equations and Logic)

By default, the chart X axis label will be the Attribute name and unit. You can specify a different label
for the X axis, if required. For example, in the picture below, the label "Young's modulus" is specified:

|54 Comp. Young's modulus with temperature Hide Graph

ViAW LuiE gy e sca Uy
Default Threshold Type:
= atheast

Enter an was label for this attribute (optional):

Comp. Young's modulus with temperature (10*6 psi

Property setting
Graph in in M:Admin
MI:Viewer
datasheet
| Comp. Young's modulus with temperature Hide Graph
-E V] ATUDUTE M3y 0 searces
g Default Threshold Type:
= |is at least
5 L
¥ Enter an axs label for this at@gﬁc 7(2?7:‘:7:3{1):7
§ Young's moduius
» e e
-4 ~
€
]
* Property setting
Graph in in M:Admin
MI:Viewer
datasheet
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Show as a range (Equations and Logic Attributes)

Specifies whether the data will be displayed on the chart a range or as a point.

= Fatigue strength model (stress range) 914 ksi
Paramaders: Number of Cycles = 17  Stress Rabo = .1
Fatigue strength model (stress range)
= 150 : v : . . )
a 140 4 Generdl | Expressions | Parameters | De
T
e NG
g 130 4% .
..- | Alow extrapolation
H 120 4 [} show as a range
K3
-g 110 + 1
& 100 PTO.DGW
g ’ setting in
£ 04 T~ ME:Admin
-
= .
B Graph in 3
70 MI:Viewer L, } 4 |
1 datasheet 0000 1000000 100000000
Number of Cycles
4 Fatigue strength mode! (stress range) 7430 112 ks
Paramelers: Number of Cycles = 187 . Stress Rato » .1
Fatigue strength model (stress range) l
180 T v v T
f General | Expressions lbumms De
T 160 4+
> ~—
§ e [] ASow extrapolation
- 140
B o — [ Show as a range
- S
2 120 + S 1
K3 —
- —
g 10 1 Property
£ setting in
g 80 | MI:Admin
Gl
S 60
o
=
- .
4  Graphin . } + |
MI:Viewer 10000 1000000 100000000
datasheet Number of Cycles

Parameters

The parameters for a functional Attribute may be selected from the available Parameters defined in
the database. Click on the Parameters tab and add Parameters from the list. The Parameter at the

top of the |

ist of selected Parameters will be the default x-axis for new data; use the Move Up and

Move Down buttons to select a different Parameter as the default x-axis.

A Parameter should only be removed from a functional Attribute if you are certain that there is no
functional data where it is used, for example, graphs that include references to it. Removing a

Parameter
parameter

that is being used will result in corruption of all functional data that uses that

. This data will not be recoverable. If you need to delete a Parameter from a functional
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Attribute in a populated database, we recommend that you follow this procedure to ensure that data
integrity is preserved:

1. In Ml:Toolbox, export all the Attribute data using the Excel Exporter.

2. Edit the exported Excel file to remove the parameter from the relevant row in the Attribute
Lookup sheet. For example, to delete the Stress Ratio parameter from this Best Fit (S/N), L
functional Attribute:

A B € E F G Q R -
1 |Attribute Name DataType Units Worksheet Specimen  Data Range Parameter 1 Range Parameter 2 Range Parameter 3 Range
2 |Record Name RCN Data ROW MI_RECORDNAME
3 |Short Name RCSN Data ROW MI_SHORTNAME Delete thi
4 |Record Color RCLR Data ROW MI_RECORDCOLOR SIS
5 |Record GUID RGUID Data ROW MI_RECORDGUID
6 IEEst Fit (S/N), L FDA ksi Functional Data WORKSHEET MI_BESTFITSNL |MI_BESTFITSNL_STRESSRATIO LJ\}‘ IMI_BESTFITSNL_MEANSTRESS MI_BESTFITSNL_NU
7
8
o -
4 » .| Data Tabular Data MultivalueData Attribute Lookup Export Lookup pPar . (¥ 4 r

3. In MI:Admin, delete the original Attribute and then recreate it with the required Parameters.

4. Import the modified export file containing the data back into the database.

Default Content

You can specify a number of default settings for Functional Attributes that are used when a new
datum is added (that is, when new data is added to an 'empty' Attribute). These setting only affect
new data; changing the Default Content setting will have no affect on any existing data.

Float Functional Attribute parameter defaults:
¢ Interpolation Type—you can select one of Linear, Cubic Spline, or none, or choose Inherit
from Parameter to use the parameter's interpolation type.

e Scale—you can select Linear or Logarithmic scale, or choose Inherit from Parameter to use
the parameter's scale.

e Default Value—you can enter a specific value, or choose Inherit from Parameter to use the
parameter's default value.
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Equations & Logic Attribute defaults:

Default curve label—A default label for new curves; this can be edited in Ml:Viewer

(Deffault curve label: [Surface fadure, R= ]

When a default
curve label is
Data specified.. !

Fatigue strength model (stress range)

Expression Parameler Extents Curves

=5 Mumber of Cycles Stress Ratio "
Surface failure R=-1 167 r

Surface failure, R 1eT 05 - b

|abel field is prefilled
M‘_’ LU with this value when t
"""" addingnaﬁcuwes = T e

e Transpose axes by default—When adding a new datum, invert the chart axes i.e. show the
Attribute value on the x-axis and the Parameter value on the y-axis. Note that, when
importing Equations and Logic data, an Invert option (TRUE/FALSE) allows this setting to be
specified explicitly; if the Invert option is not specified in the import file, the default behavior
is NOT to transpose the incoming data, and the Transpose axes by default setting on the
Attribute is ignored.

e Logarithmic scale
o Default expression
o Default x-axis Parameter

e Parameter defaults—Default Value and Default Range, as for Float Functional Attributes
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5.9 Logical (Boolean) Attributes

Logical (LOG) Attributes are used to store Boolean data (Yes/No, True/False). For example:

Hydrogen embrittling ? Mo
Internal Yes
Military Qualified Mo
RoHS compliant? Yes
Wear protection, abrasion Yes

5.9.1 Logical Attribute properties

Name

This may be up to 255 characters long. The name must be unique within the Table; it is not treated as
case-sensitive and so the same name with different cases is not permitted within the same Table
(e.g. "Valid Test?" and "Valid test?").

Attribute can be used as a search filter

Determines whether or not the Attribute can be used as a search filter in MI:Explore and Ml:Viewer.

Default Threshold Type

Specifies the default option offered when choosing the search criteria threshold for the Attribute on
the Advanced Search page in Ml:Viewer.

For Logical Attributes, this can be set to one of: is, exists, does not exist.

Help page (optional)

The location and name of a file containing help information about the Attribute/data ("Attribute
Note"); when this is configured, MI:Viewer users can view the notes by clicking on the Attribute
name in a datasheet in Ml:Viewer.

5.10 Numerical Attributes

5.10.1 Integer Attributes
Store numbers that are whole, or without a decimal point. For example:

Maximum Number of Layers il

Maximum Mumber of Pazses 1

Possible values: -2147438648 to 2147438648
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5.10.2 Point Attributes

Store exact numeric data with decimal points. For example:

First ionization energy 9.79 eV

Heat of vaporization 90000 filoffmol
Herfindahl-Hirschman Index {HHI) 5330

Lattice parameter, a 1.63e-7 il
Magnetic susceptibility -0.00000525

Melting temperature 1500 F
Molar volume 0.79 in* 3fmol

Point values may be entered as an integer or decimal, or formatted with an exponent, and values are
stored to a maximum of 15 significant figures.

Values must be within the range:

e 1.5e-45to0 3.4e38
e 1e-039 to 1e+038 for positive values

Multi-value Point Attributes can have a range of data values based on one or more parameters. For
example, the value for these two Point Attributes depends on the value of the Basis parameter
(Mean, A-basis, or B-basis):

0* compression strength - measured 64.7 ksi (A-basis)
802 k=i (B-basis)
102 k=i (Mean)

0® compression strength - mormalized 639 ksi (A-baszis)

8.7 kz=i (B-basis)
999 k=i (Mean)

5.10.3 Range Attributes

Store a pair of numeric values representing the upper and lower bounds of a value range. For
example:

Vaporization CO2 817 1o 901 Il

Vaporization energy 4 696 fo 5.17e6 ETWIb

Vaporization water 131000 to 138000 in*3o

Warmth to touch 70310725

Water usage 1230 to 1360 in*3b

Welding {electric) CO2 0.0506 to 0.163 Ibift
66

Ansys GRANTA MI 2021 R1- © Ansys, Inc. All rights reserved. Contains proprietary and confidential information of Ansys, Inc.
and its subsidiaries and dffiliates.



GRANTA MI Schema Guide—Attributes

Range Attributes can be open, meaning that only the maximum, or only the minimum value is
defined:

Al {aluminum) 0.1 % (minimumn}

Annual world production 2.26e9 fondfyr (maximum})

Values may be entered as an integer or decimal, or formatted with an exponent.

Values are stored to a maximum of 15 significant figures, and must be within the range:

e 11.5x10-45 to +3.4x1038
e 1e-039to 1e+038 for positive values

5.10.4 Numerical Attribute properties

Name

This may be up to 255 characters long. The name must be unique within the Table; it is not treated as
case-sensitive and so the same name with different cases is not permitted within the same Table
(e.g. "Aging Temperature" and "Aging temperature").

Attribute can be used as a search filter

Determines whether or not the Attribute can be used as a search filter in MI:Explore and MI:Viewer.

Default Threshold Type

Specifies the default option offered when choosing the search criteria threshold for the Attribute on
the Advanced Search page in Ml:Viewer.

For numerical Attributes, you can choose from: is, is at least, is at most, is between, exists, does not
exist.

Help page (optional)

The location and name of a file containing help information about the Attribute/data ("Attribute
Note"); when this is configured, Ml:Viewer users can view the notes by clicking on the Attribute
name in a datasheet in Ml:Viewer.

Treated as zero for Substitution if empty

This property allows Point and Range Attributes with no data to be included in substitution
calculations and treated as having a value of zero. The default behavior is to exclude empty
Attributes from substitution calculations.
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Unit

Specifies the unit for Point and Range Attributes. Available units are defined at the database level,
and may be used in several different Tables and Attributes.

Values must be unique (Integer only)

Enforces a uniqueness constraint on Integer Attributes that are used a record identifiers, to ensure
that no duplicate values can be entered within the same Table.

5.11 Tabular Attributes

Tabular Attributes are used to store a collection of data within a record, typically a summary of
information related to the record, for example:

Metallographic examination tabular data in a steel record:

Type + | 10x | 20x | 50x 200x

light microscopy

Lay-up sequence details tabular data in a composite record:

Plyilayer number % | Ply/layer material name # | Ply/layer manufacturer # | Ply/layer lot number # | Ply/layer form # | Plyllayer architecture # | Ply/layer orientation #

6 S-Glass Unitape S2/SP381 | 3M 22ETP Prepreg 1-D fape 0°

Specifications tabular data in a Coating record:

Specification % |Clags # |Type =% | Coating Mame 4 | Specification Type ¥
AMS 2427 AMS

Bombardier PPS 24.02 Mot Milspec or AMS or APl
McDonnell Douglas PS 13143 Mot Milspec or AMS or APl
MIL-C-31706 VD Al - contact registance | Milspec

MIL-DTL-3345568 1,23 I, 1 Milspec

Legislations restricting its use tabular data in a substance record:

Legislation name # | Legislation rating % | Effective date % | Geographical area #

REACH - The Candidate List | High risk of phase-out | Tuesday, October 25, 2008 | EU

TSCA Section 6 Banned with conditions | Saturday, January 1, 1977 | US
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The data stored as a Tabular Attribute is organized into rows and columns:

Each row represents a separate data item; for example, a relevant test, specification, or
legislation.

Each column stores a specific property of that data, such as an ID, date, amount, status,
rating.

The data in Tabular columns may be local data (stored within the same record), or it may be
retrieved from records in other tables (linked data).

All data types except Functional data and Tabular data can be stored in Tabular Attributes.
(See Media data for maximum supported file sizes for File and Picture data; however, note
that including lots of files as Tabular data can quickly make datasheets impractical to load
and/or edit. This is because editing Tabular data requires fetching all of the data (including
media data) from the database, and saving back again, and so is computationally expensive.)

Local Tabular data can be searched via the Quick Search box in the Ml:Viewer toolbar, or in the
Search box in Ml:Explore. Where the Tabular Attribute has the Attribute can be used as a search filter
property enabled, its linked and local Tabular data may be searched via an Attribute search in
MI:Viewer. This allows searches to be performed like the one below, where Substance name is a
Linked Attribute and Amount is local data in the Restricted substances associated with this material

Tabular Attribute.

"In the Product Risk database, find all materials which contain greater than 20% of carbon
black":

16 results View

Search Criteria

Profile
Product Risk
Database
Proguct Risk
Table:

MaterialUniverse

Restricted substances associated with  Carbon
this material : Substance name black

Restricted substances associated with =20 %
this material : Amount

Save search | Refine search

Linked Columns and Linked Attribute columns may be included in search filters if the underlying
linked Attribute has the Attribute can be used as a search filter property enabled. This is independent
of the state of this property on the Tabular Attribute itself.

Note: the tabular columns that are shown on datasheets in Ml:Viewer and Ml:Explore,
and the order in which the columns appear on datasheets, are determined by the Layout
used when viewing the data, and not by the Attribute definition. A Layout may include
some or all of the tabular columns defined in the Attribute, in any order; see Layouts. If
you make changes to the ordering of tabular columns in the Attribute definition, or add
columns, users will not see those changes until you update the relevant Layouts in which
the Attribute is included.
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5.11.1 Tabular columns

Tabular columns have a 'type' which determines what can appear in the column:

Local Data—data which is defined in the source record

Linked Attribute—the data from an Attribute in another table

Linked Column—the data from an entire tabular data column in another other table
Linked Records—a link to a record in another table

This example shows a Tabular Attribute in a material record that includes a mixture of local data and
data from records in a separate Restricted Substances table:

Columns 1-2 Calumn 3 Columns 4-5 Column 6
Substance name CAS number HAmunl (%) J|§ Lepislation name Legislation rating Function
Bis (2-ethyl(hexyjphthalate (DEHP} | 117-81-7 0 to 50 REACH — The Candidate List High rigk of phase-out Plasticizer

REACH Annex X1V — The Authorisation List To be phased out

Dibutyl phthlate 24-74-2 0 to 50 REACH — The Candidate List High risk of phase-out Plasticizer

REACH Annex X'V — The Authorisation List To be phased out

! T ! T

Linked Attributes Local Data Linked Columns Local Data
data comes from an data is local, data comes from a data is local,
attribute in the linked stored in this tabular column in the stored in this

table record linked table record

Taking a closer look at this example:

Substance name—the data in this column is obtained from the Chemical name Attribute in
the Restricted Substances table.

CAS number—the data in this column is obtained from the CAS number Attribute in the
Restricted Substances table.

Amount and Function—these are Local Data columns, and so the values in these columns are
defined in the material record.

Legislation name—the data in this column is obtained from the Legislation name tabular
column of the Legislations restricting its use Tabular Attribute in the Restricted Substances
table.

Legislation rating—the data in this column is obtained from the Legislation rating tabular
column of the Legislations restricting its use Tabular Attribute in the Restricted Substances
table.

5.11.2 Linking values

Linked data in a Tabular Attribute is retrieved from other records by matching a linking value
specified in the source tabular row against a Short Text linking Attribute value in the target table.
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When the linking value in the Tabular row matches the linking Attribute value in a record in the
target table, data from that record can be retrieved and shown in the Tabular row.

For example, CAS number is used as the linking value in this Tabular Attribute; when the specified
value matches a CAS number value in Restricted Substances records, data from those substance

records is "pulled into" the material record:

MaterialUniverse table

' M Nickel-Cr-Co alloy, IN-939, as cast '

Restricted substances associated with this material

Substance CAS Amount il G Legislation  Linking value
name number (%) 9 rating (CAS number)

ETUC Priority List = Caution
Tungsten | 7440-33-7 2 Dodd-Frank Act Caution 7440-33-7

Tantalum | 7440-25-7 1.4 Dodd-Frank Act Caution 7440-25-7

Restricted Substances table

M Tungsten
Chemical name Tungsten
CAS number 7440-33-7

Legislations restricting its use

Legislation

Legislation name -
rating

ETUC Priority List Caution
Dodd-Frank Act Caution

B Tantalum

Chemical name Tantalum
CAS number 7440-25-7

Legislations restricting its use

Legislation name | -Sgisiation
rating
Dodd-Frank Act Caution

The linking value appears in an extra column when editing Tabular data in Ml:Viewer and MI:Explore;

when viewing Tabular data, it is not shown.

Tabular rows that include only local data (no linked record exists) may be shown or hidden on
datasheets via a configuration option on the Tabular Attribute definition, Hide rows that have a

linking value but no corresponding records.

5.11.3 Tabular Attribute properties

As well as properties that determine how the Attribute may be used in MI:Viewer Advanced
searches, there are a number of additional properties that can be set on Tabular Attributes which

control how the tabular data is displayed on datasheets in Ml:Viewer.

Name

This may be up to 255 characters long. The name must be unique within the Table; it is not treated as
case-sensitive and so the same name with different cases is not permitted within the same Table

(e.g. "Test details" and "Test Details").
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Attribute can be used as a search filter

Determines whether or not the Attribute can be used as a search filter in Ml:Explore and MI:Viewer.

Default Threshold Type

Specifies the default option offered when choosing the search criteria threshold for the Attribute on
the Advanced Search page in Ml:Viewer.

For Tabular Attributes, you can choose from: exists, does not exist.

Help page (optional)

The location and name of a file containing help information about the Attribute/data ("Attribute
Note"); when this is configured, MI:Viewer users can view the notes by clicking on the Attribute
name in a datasheet in Ml:Viewer.

Showing/hiding all data on datasheet load

The entire table of data may be visible by default, or hidden by default, when a datasheet is opened.
This feature is controlled with a configuration option on the Tabular Attribute definition, Show full
table by default.

When hidden by default, a Show table link (or Show full table where a summary table is provided)
appears on the datasheet which allow users to view the data; for Tabular Attributes with a large
number of rows/columns, this may be the preferred display option.

All data hidden by default:

Restricted substances
‘é’ Restricted substances that may be associated with  Show fable
this material

5? Restricted substances that may be used in the Show fable
manufacture of this material

‘é’ Substance declaration available? Yes

o et an A

PSR e ST WS N - pea -

All data shown by default:
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N\, Price vinration 3 USand )
~ !
Annual price variation {
Sere—fotxes (CSV) Copy To Clipboard ;

Year ¢  Average annual price (USDD of product) ¢ ' Annual price variation (USDVD of product) ¢ {
2010 557 51510 6.37 :’

i

201 6.76 64810715 !

: (

2012|604 5310637 i

| : {
2013|449 41510498 {

! : (

2014 437 4150453 {
Save To Excel (CSV) Copy To Clipboard ,/

PP S R SR e

Data Summary

Where the Tabular data is complex, with many rows/columns, a Data Summary can be defined to
provide a quick overview of the key data points without taking up too much space on the datasheet.
Where a Data Summary is defined, this is always shown instead of the full table of data when the
datasheet is opened, with a link that users can click to open the full table in the datasheet.

Legislation affecting this substance Data Summary ¢/
-
- : 3
Legislations restricting its use Substance ES&H rating '
: ] ¢
To be phased-out Pe
\
{
how full table J
'
R il Viif" A _/
¢
Legislatioffs restricting its use Substance ES&H rating ',
!
¢
To be phased-out }
b 7
Full table Hide full table $
| Legislation name Legislation Effective date Geographical Notes f
* $ ® s
| rating area
. 3
REACH - The Candidate List High risk of phase-out | Tuesday, October 28, 2008 | EU
REACH Annex XIV - The Authorisation List | To be phased-out EU Latest appiication date: |
‘ ‘ : ' b
' 4
y
”"""""—-.’—- P B e e P P Y N e SV IT ST P eSS p SN 4

Any of the columns in the Tabular Attribute can be included in the Data Summary; the summary
columns are configured independently of the Tabular columns, with their own headings and roll-up
type. For example, in the Attribute shown above, the Legislation rating Tabular column (column
name="Legislation rating", Roll-up type=List) is included in the Data Summary with a different
column heading ("Substance ES&H rating") and a different roll-up type (Minimum):
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n Tabular Data Summary for: Legislations restricting its use -

Edit the summary information for the tabular columns:

[ ] Display summary table as in-line text

Column Mame Is In Summary Roll-Up Type Summary Column Heading
Legislation name ™ List
Legislationrating |Minimum W | |Substance ESE&H rating
Effective date O List
Amount O List
Threshold ] List
Geographical area ] List
Motes O List

Inline vs rows/columns format

A Data Summary may be displayed inline or as rows/column; this is controlled with a configuration
option on the summary table definition, Display summary table as in-line text:

Display summary table as in-line text = Selected

!

Legislations restricting its use Substance ES&H rating Banned with conditions [
Show full table i

— o ..-f""—-.--'—‘"'.' B Ll e e . L T - .l"

Display summary table as in-line text = Not selected:

Legislations restricting its use Substance ES&H rating ;
Banned with conditions |

Show full table {

T

Showing/hiding rows with no linked records

If no record is found in the target Table to match the linking Attribute in a row, the row can be
hidden by default, removing rows with no useful data. This only affects the view of data in Read
mode; Edit users will always see all rows. This feature is controlled with a configuration option on the
Tabular Attribute definition, Hide rows that have a linking value but no corresponding records.
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Rows with linking value but no linked record are hidden (Read mode):

CAS Amount - I ; :
Substan ce name Legislation name Legislation ratin Function
number | (%) €0 €0 g
Bis {2-ethyl hexyjphtha. .. 117-81-7 0 to 50 REACH — The Candidate List High risk of phase-out | Plasticizer
REACH Annex XV — The Authoris ation List | To be phased out
Dibutyl phthlate 84-74-2 0 to 50 REACH — The Candidate List High risk of phase-out | Plasticizer
REACH Annex XV — The Authoris ation List | To be phased out

Rows with linking value but no linked record are shown (Read mode):

CAS Amount . : . . : .
Substance name number | (%) Legislation name Legislation rating Function
Biz (2-ethyi{hexy)phtha.._. 117-81-7 0 to 50 REACH — The Candidate List High risk of phase-out | Plasticizer
REACH Annex ¥V —The Autharizatinn | ist | Tn he nhased nut
l Rows with no linked data |
Oto 5 Pigment
0 to 50 Plasticizer
Dibutyl phthlate B4-74-2 0 to 50 REACH — The Candidate List High risk of phase-out | Plasticizer
REACH Annex X\ —The Authorisation List | To be phased out

Rows with linking value but no linked record (Edit mode) - in Edit mode, the Linking value and linked
record columns are always shown:

CAS Amount Linking value
Substance name number | (%) Legislation name ‘ Legislation rating | Function (CAS number) Linked records found
Bis 2-ethyi(hexy)phtha. ... M7B1-T 0to 50 REACH — The Candidate List High risk of phase-out | Plasticizer | 117-81-7 E Bis (2-ethyi(hexy phthalate) (DEHP)....
REACH Annex XV —The Autharzatinn List | Tn he nhased ot
| Rows with no linked data |
0to5 ~ , Pigment 12656858
0to S0 l Plasticizer | 84-69-5
Dibuty phthlate 84742 0to 50 REACH —The Candidate List High risk of phase-out | Plasticizer | 84-74-2 E Dibutyt phthlate [84-74-2] [v1]
REACH Annex XV —The Authorisation List | To be phased out

Roll-up type for tabular columns

Tabular columns have a roll-up type, which determines how multiple values are displayed when a
cell contains more than one value, e.g. list of all of the values, the total number of values, the
maximum or minimum value. The valid roll-up types for a column depend on the data type of the
linked data. Local Data columns do not have a roll-up type.

75

Ansys GRANTA MI 2021 R1- © Ansys, Inc. All rights reserved. Contains proprietary and confidential information of Ansys, Inc.
and its subsidiaries and affiliates.



GRANTA MI Schema Guide—Attributes

Roll-up types are particularly useful for Data Summary columns, where they can be used to show a
list of values, the total number values, or maximum or minimum values, for example:

Restricted substances associated with this coating

Critical materials risk

Elements in this material

Rall-up type = List

# Legislations 31 Rall-up type = Count

Worst rating: Banned with conditions

Substance name Boric acid, Lithium carbonate, Aluminum (fume or dust), Zinc (fume or dust), Ng
)

A

Roll-up
type

List

List
Distinct

Count

Count
Distinct

Count

Minimum

Maximum

Behavior

Show all values, including duplicate values.

Show all values excluding any duplicate values. For Hyperlink
data, the basis of distinction is the URL, and the target and
description are ignored; for Picture data, it is the database
identity.

Show the total number of values, including any duplicate values.

Show the total number of values excluding duplicate values.

Show the total number of values, including any duplicate values.

Show only the minimum value. For Range data, the arithmetic
mean value for each range is compared.

Show only the maximum value.
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Show full table ?

et - A i —"  Rollup type = Minimum === e i -~
Roll-up type =List ,

. 4

Element name ron, Neodymium, Dysprosium, Praseodymium, Cobait Sf

— f

Maximum abundance risk level Medium )

Maximum sourcing and geopolitical risk level Very high ;

Roll-up type = ?

Maximum environmental country risk level Very high S {

Maximum 3

Maximum price volatility risk level Very high )

¢

Maximum conflict material risk level Caution {

Show full table ’

N —— adl Y ——— - - " — o ————<% > /‘

Available for
these data types

All

All

All

All

All

Range, Point,
Integer, Date,
Discrete

Range, Point,
Integer, Date,
Discrete
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Roll-up Behavior
type
Mean Show the arithmetic mean. For Range data, the arithmetic mean

value for each range is used in the calculation.

Std Dev Show the standard deviation of the sample. For Range data, the
arithmetic mean value for each range is used in the calculation.

Sum Show the total value when all the values are added. For Range
data, the arithmetic mean value for each range is used in the

calculation.

5.12 Text Attributes

5.12.1 Short Text Attributes

Use for short (up to 255 characters) alphanumeric values.

Available for
these data types

Range, Point,
Integer

Range, Point,
Integer

Range, Point,
Integer

For example, these 5 Short Text Attributes appear in a record in the Restricted Substances table of

the MI:Training database:
CAS number

Chemical name

84-74-2

Dibutyl phthalate

Cl Hazard Class and Category Code(s) Fepr. 1B, Aguatic Acute 1

Cl Hazard Statement Code(s)

Classification

H360Df, H400

Repr. Cat. 2; R61, Repr. Cat. 3; RG2, N; R50
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5.12.2 Long Text Attributes
Use for long blocks of text, up to a maximum of 1,048,576 characters.

Examples from a record in the MaterialUniverse table of the Ml:Training database:

Typical uses

Gas turbines; aircraft; de-icing and air conditioning ducting; condenser tubes; surgical implants;
ultrasonic devices; lacing wire; welding wire; cryogenic vessels and components.

Standards with similar compositions

IMI 318; Grade 5; DIN 3.7165; BSTA 10, 11, 12, 28, 56, 59; AMS 40911, 4928, 4934, 4935,
4054 4985, 4967

Other notes

Most widely used of all fitanium alloys. Bars and forgings may be heat treated fo a range of
strength levels and is wused im highly stressed structures. Weldable alloy.

The text in Long Text Attributes can be formatted with Markdown if required, for example, to
provide headings, and font and list formatting.

5.12.3 Discrete (text) Attributes

Use to provide a choice of one or more discrete text values. Values may be ordered or unordered,
and there is no limit on the number of values in the set.

Examples from the Ml:Training database:

Resin type |Resin q Test Environment | RTD u‘ Flammability Non-flammable &

Alr Highly flammable
Hardener Salt Water Slow-burning
Catalyst Inert: Argon Self-extinguishing
Mixed resin Inert: Helium
Pre-mixed resin Vacuum
Other Other

. lémTé- Relative tooling cost | low v

ETD
EIW medium
RTW high

Fluid exposed very high
Discrete Attributes which can have more than one value at the same time are known as multi-value
Discretes; the set of permitted values is defined by the Discrete Type of the Attribute. For example:

e The MU Additive(s) Discrete Type in the MaterialUniverse database defines 7 possible
additive values: None, Flame retardant, Impact modifier, Plasticizer/oil, Plasticizer/phthalate,
Anti-friction/wear lubricant, UV stabilizer).

e The Additive Discrete in the MaterialUniverse table has the MU Additive(s) Discrete Type,
and is configured to permit multiple values, allowing this polymer records to include more
than one additive value:
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E PC+PBT (impact modified, flame retarded)

Additive Flame retardant, Impact modifier

Polymer code (PC+PETH-FR

To configure a multi-value Discrete Attribute, click on the Multiple Values tab and select the Allow
multiple values option.

5.12.4 Text Attribute properties

Name

This may be up to 255 characters long. The name must be unique within the Table; it is not treated as
case-sensitive and so the same name with different cases is not permitted within the same Table
(e.g. "Batch Number" and "Batch number").

Attribute can be used as a search filter

Determines whether or not the Attribute can be used as a search filter in MI:Explore and MI:Viewer.

Default Threshold Type

Specifies the default option offered when choosing the search criteria threshold for the Attribute on
the Advanced Search page in Ml:Viewer. For text Attributes, you can choose from: contains, exists,
does not exist.

Help page (optional)

The location and name of a file containing help information about the Attribute/data ("Attribute
Note"); when this is configured, Ml:Viewer users can view the notes by clicking on the Attribute
name in a datasheet in Ml:Viewer.

Values must be unique (Short Text only)

Enforces a uniqueness constraint on Short Text Attributes that are used as record identifiers, to
ensure that no duplicate values can be entered within the same Table, for example, where records
are identified by a CAS Number value.
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6 Record Link Groups

Related records in different tables can be linked using Record Link Groups. These are named
collections of bi-directional links between tables, and they can be used to minimize data
duplication/reduce data errors, and to help data maintenance.

Record Link Groups may include static or smart links:

e  Static links are direct, permanent links from one record to another record. The Record Link
Group defines the source table and target table, and the records in the group are added or
removed manually (in MI:Viewer) or during import (auto-links) or using Ml:Toolbox
(Automatic Link Creator).

e Smart links are links from one record to another record that are made automatically using
defined rules (Smart link criteria): when the value of key Attributes in the two records match
(for example, a Batch number), the records are linked; if the values do not match, there is no
link. Smart Link Groups can't be edited manually (that is, users can't add or remove records):
records are added or removed automatically based on the current value of the relevant
Attributes in the records.

When a Record Link Group is included in the relevant Layout(s), a list of the records it contains is
shown in datasheets:

In Ml:Viewer, the records in the Record Link Group appear as links on the datasheet; users can click
on the link and view the related record, and they can also add some or all of the linked records to the
Record List, copy them to the clipboard, export them to Excel, or add them to their watch list:

Further Information

¥ Tensile Statistical Data
B  AMS 6520, Plate, 300°F
B » Awvis 6520, Piate, 600°F

¥ AMS 6520, Plate, 300°F

=]
E %%TI.HS 6520, Plate, 1000°F
=]

Add to list
E Copy to clipboard i
7 Export Data to Excel
Mo warranty is given for the accuracy of th 2

= Find substitutes for this record

g Watch record

BPEAWERED RY

MI:Viewer users with sufficient privileges can edit Static Record Link Groups to add or remove
records:
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o

€Return To Datasheet 4 & 4F Edit Tools  Units

Edit Direct Links

Add or remove direct links from this record link group "Tensile Statistical Data’ for record '250 Grade Maraging, Maraged at S00F, Flate,
Thickness: 0.1875 to 0.251 in, AMS 6520, 5 basis [v2]"

Collapse tree | Refresh

~ [ Mi:Training Records:
hd Tensile Statistical Data Choose records from the tree on the left to add a direct link.
Subsef: Statistical Test Data (Default)
T SupsebsiRisis st bat el Or search for records to link to |[ search |
w | Additive Manufacturing
A Titanium
t - [ Ti6ALAV Bl 2Ms 6520, Plate, 300°F Add Mote Remove
L13L12 - 0 Samples Bl ams 6520, Plate, 600°F Add Mote Remove
L14L12 - 10 Samples B ~ms 6520, Piate, 800°F Add Note Remove
L15L14 - 18 Samples B Avs 6520, Plate, 1000°F Add Note Remove
L18L14 - 18 Samples
Bl 2ms 6520, Piate, -110°F Add Mote Remove
L17L14 - 18 Samples
E AMS 6520, Plate, Room Temperature °F Add Mote Remove

* [7 High Alloy Steel

hd AMS 6520

In Ml:Explore, the records in the Record Link Group can be viewed on datasheets, but are not
clickable, and the group cannot be edited to add or remove records:

Further Information

Tensile Statistical Data B AMS 8520, Plate, 300°F
B AMS 6520, Plate, 600°F
B AMS 6520, Plate, 800°F
B AMS 6520, Plate, 1000°F
B AMS 8520, Plate, -110°F

See also Links between tables for a comparison of the relative benefits of Static Links vs Smart Links.
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6.1 Static links

Static links in GRANTA Ml are fixed, permanent links between records in one table and records in
another table, in the same database or in a different database.

For example, the Design Data Record Link Group shown below provides permanent links between
test records and corresponding design data records:

Tensile Statistical Data table Design Datatable
U AMSS0Pate300F  e——

Strain Rate:
Test Temperature: | Design Data ——
oung's Modulus (11-axis) | Record Link Group — ) | -
ickness: Design Data
Design Data Density: . Record Link Group
. 250 Grade Maraging, Maraged at 900°F, Plate r '1
Tensile Statistical Data
B 2MSE520, Plate, 300°F
B ~MS 8520, Plate, GOOFF
Sirain Rate: Il ~MS 8520, Plate, B00°F
Test Temperature: | Design Data I A5 6520, Plate, 1000°F
Young's Modulus (11-axis) | Record Link Group . AMS 6520, Plate, Room Temperat..
Des=ign Data \ ~

. 250 Grade Maraging, Maraged at 300°F, Plate

e The Record Link Group name is "Design Data".

e The source table is the Tensile Statistical Data table, and the destination table is the Design
Data table.

e Links from the source table are labeled with the Record Link Group name, "Design Data".

e The reverse links to the source table are labeled "Tensile Statistical Data"; this label is
specified in the Record Link Group definition.

Static links may be direct or indirect.
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6.1.1 Direct links

A direct link is a link from one record to another record. For example, the aluminum Cast record in
the MaterialUniverse table below is linked directly to the Alcoa record in the Producers table;
¥ [=] ¥ MaterialUniverse
¥ [ ¥ Metals and alloys
» [ ¥ Ferrous
v [ ¥ Non-ferrous ¥ [=] ¥ Producers
v [ ¥ Aluminum v Metals
v [ ¥ Cast
¥ [3 ¥ 1xxxseries (Pure Al)
EJ ¥ commercial purity, $150.1
v [‘,1 ¥ 2xx.x series (Cu-alloyed) ¥ Acme Metals Incorporate
E ¥ 296.0, permanent mold cast, T6 ¥ AK Steel

¥ A201.0, cast, T7 )
¥ A206.0. permanent mold cast. T7 » ¥ Honeycombs

» [ ¥ 3xxxseries (Si, Cu, Mg-alloyed)
P [ ¥ 4xxxseries (Si-alloyed)

A-1 Wire Tech Inc.

&

A. Zahner Co

¥ Aalco

EE FE

6.1.2 Indirect links

As well as record-to-record links, Static Record Link Groups can also include links to folders and
generic records. In this case, all of the records inside the folder/generic are also linked: this type of
implicit link is referred to as an indirect link.

For example, the aluminum Cast generic record in the MaterialUniverse table below may be linked to
the Alcoa record in the Producers table, establishing indirect links from all of the records and folders
within the Cast generic record to the Alcoa record; this is like saying "all Alcoa plants can supply all
cast aluminum alloys":
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Producers
¥ Metals
¥ A-1Wire Tech Inc
¥ A. Zahner Co.
N

v [=] ¥ MaterialUniverse Y IELY
¥ [33 ¥ Metals and alloys o
» [ ¥ Ferrous
¥ [33 ¥ Non-ferrous
v [ ¥ _Aluminum E]
[=]
a

w3

¥ Aalco

¥ Acme Metals Incorporate

[ ) xx.x series (Pure A ¥ AK Steel
H ¥ Commercial purity, S150.1 m
v [ ¥ 2xxxseries (Cu-alloyed) > ¥ Honeycombs
H ¥ 296.0, permanent mold cast, T6
B} ¥ A201.0 cast 17
H ¥ A206.0, permanent mold cast, T7
3xx.x series (Si, Cu, Mg-alloyed)

S5xx.x series (Mg-alloyed)
7xx.x series (Zn-alloyed)
¥ Other
Wrought

¥
¥ 4xxx series (Si-alloyed)
¥
¥

PRIYE

«

* Iy

The 'parents' of the linked records can also be considered as linked together. This is again a function
of the hierarchical structure of the database. In this example, it is like saying that at least one metals
supplier (Alcoa) can supply at least one aluminum (all cast aluminum alloys), and by implication at
least one non-ferrous metal and by implication again, at least one metal/alloy.

v [=] ¥ MaterialUniverse v [=] ¥ Producers
« [ ¥ Metals and alloys : v [ ¥ Metals
» 0¥ Ferous ' El ¥ A-1Wire TechInc
v/ I ¥ Non-ferrous ¥ A Zahner Co.

YU ¥ Acme Metals Incorporate
» [ ¥ touxseries (Pure ¥ AK Steel
» [ ¥ 2xxxseries (Cu-alloyed)
» [ ¥ 3xxxseries (Si, Cu, Mg-alloye » ¥ Honeycombs
P [ ¥ 4xxxseries (Si-alloyed)
P ™ ¥ Avv vy corioe (Ma.allavad)

6.2 Smart links

Smart links can be used to provide dynamic, data-driven links to records in the same database. When
the values of key Attributes in the source and target records match, a link exists between the two
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record; if the values do not match, the records are not linked. Smart links are not stored in the
database, but are created whenever the key Attribute data values match.

Example: this Record Link Group includes smart links between panel records and the relevant tensile
test data records by matching the panel number in the records:

Tensile Test Data table

|| Specimen: LBJ1311A

Test type
= T - Testing standard
omposite ree (aole
[] Panel: LBJ13 Further panel information -‘l Tensile test data
[0 Panel LBJ13 y, Record Link Group
M aterial designation 1 :

Laminate name | Specimen: LBJ1312A

Panel number LBJ13
Test type
Tensile test data Testing standard
[ Specimen: LEJ13114 Panel number LBJ13
[ Specmen: LBJ13124
Further panel information 1 Tensile test data
Y [ Panel: LBJ13 J Record Link Group
Tensile test data '
Record Link Group || Specimen: LBJ14124
Test type

Testing standard
Panel number LBJ14

Further panel information
[] Panel LBJ14

e The Record Link Group name is "Tensile test data".

e The source table is the Composite Pedigree table, and the destination table is the Tensile Test
Data table.

e Links from the source table are labeled with the Record Link Group name, "Tensile test data".

e The reverse links to the source table are labeled "Further panel information"; this is specified
in the Record Link Group definition in MI:Admin.

e The smart link criteria here is that the Panel number value must match in both tables; any
records with the same Panel number value will be linked.
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6.2.1 Smart link criteria
Smart link criteria determine the conditions that must be met for a link to exist, that is which
Attribute values have to match. To define the criteria for smart links, you specify:
e Upto 3 Foreign Key-Primary Key pairings.
e The referential integrity relationship that will be enforced between the two records (One-to-
One, One-to-Many, Many-to-Many).

e Whether or not orphan records will be permitted, that is, whether records may exist in the
foreign table that do not link to any records in the primary table.

Primary and Foreign Attributes
Key Attributes may have the following data type: Integer, Discrete, Short Text, Logical, and Date.
Up to three pairs of Attributes can be matched.

For each pair of Key Attributes, both of the Attributes must have the same data type.

| Record Link Group narrre\ /1 Reverse link name |
4 \I
Source table ('From') Destination table (To')

Primary Attributes Foreign Attributes

atiribute | = ====<pp| athributel

b > L -

-

atribute? | == === 2P | aftribute2

.,

~ =

| attributed | geeeaa _...|f attribute3

Example: in this Fastening Data smart Record Link Group, records in the two tables will be linked
when the Sheet details data value in the Data table matches the Sheet Material data value in the
Fasteners table:

I Fl
| Fastening Data  » (" sheet Material Data |
v N
MMPDS Data MMPDS F asteners
Prirmary Attribute Foreign Attribute

. ~

Sheet details *-------p' Sheet Material
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Referential integrity model

To ensure data integrity and data consistency, the referential integrity relationship between the
linked records must be specified as part of the Smart Record Link Group definition.

In a Many to Many relationship:

e There may be one or more records in the primary table that fulfill the criteria for the primary
Attribute.

e There may be one or more records in the foreign table that fulfill the criteria for the foreign
Attribute.

For example: each sheet record in this MMPDS-Data table has multiple matching records in the
Fasteners table, and each fastener record is linked to several sheet records.

MMPDS-DATA MMPDS-FASTENERS

Thickness = 0.01 to 0.29 in Sheet material = 2024 T3
Statistical Basis = A basis Fastener Diameter = 0.25 in

Sheet details = 2024 T3 Hole Diameter = 0.257 in

Thickness = 0.01 to 0.29 in Sheet material = 2024 T3
Statistical Basis = B basis Fastener Diameter = 0.188 in
Sheet details = 2024 T3 Hole Diameter = 0.191 in

Thickness = 0.129 to 0.25 in Sheet material = 2024 T3
Statistical Basis = B basis Fastener Diameter = 0.25 in
Sheet details = 2024 T3 Hole Diameter = 0.258 in

Sheet details (MMPDS-Data) = Sheet material (MMPDS-Fasteners)

In a One to One relationship:

e There can be only one record in the primary table that fulfills the criteria for the primary
Attribute.

e There can be only one record in the foreign table that fulfills the criteria for the foreign
Attribute.

For example: each record in this source Microstructure table can have only one matching record in
the destination Pedigree: Metals table, and each record in the Pedigree: Metals table can have only
one matching record in the Microstructure table. Any attempt to create a 2nd record in the same
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table with the same batch number will fail, as the system will prevent violation of the one-to-one
constraint.

‘ I High Alloy Steel, AMS 6520 - Batch: 921 |-q---p- ‘ I High Alloy Steel, AMS 6520 - Batch: 921 |
Batch number = Batch 921 Material type = High Alloy Steels

Image Code= hs0013 Alloy = AMS 6520

Original magnification = 200x Batch number = Batch 921

B i s, 7S, St S 124 B i o, TS St it 56
Batch number = Batch 1245 Material type = Alluminum alloy s

Image Code= al0084 and al0085 Alloy = 7075-TE

Original rmagnification = 500x% Batch number = Batch 921

W o 4

Batch number = Batch 457 M aterial type = Titanium alloys

Image Code=ti0091 Alloy = Ti-5AI-4Y

Original magnification = 100x Batch number = Batch 457

Batch number (Microstructure) = Batch number (Pedigree: Metals)

In a One to Many relationship:

e There can be only one record in the primary table that fulfills the criteria for the primary
Attribute.

e There can be more than one record in the foreign table that fulfills the criteria for the foreign
Attribute.

For example, each batch record in this source Pedigree: Metals table may have multiple matching
test records in the Test Data: Compression table, and each test record may have only one matching
record in the Pedigree table.
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TEST DATA: COMPRE SSION

Batch number = Batch 1245
Compression strength = 71.1 ksi
3train at compression strength = 1.03 % srain

MateriallD = 7075-T6/ Sheet W ====% Batch number - Batch 1245
Batch number = Batch 1245 » Compression strength = 67.1 ksi
‘; Strain at compression strength = 0.8333 % strain

Batch number = Batch 1245
Compression strength = 28.8 ksi
Strain at compression strength = 0.562 % strain

Batch number (Pedigree: Metals) = Batch number (Test Data: Compression)

Orphan records

As part of the Smart Link Criteria for a Record Link Group with a 'One to One' or 'One to Many'
referential integrity model, you can specify whether or not orphan records are permitted. An orphan
record is a record in the foreign Table that is not linked to any record in the primary Table.

e Orphans allowed: records in the foreign Table do not need to be matched with a record in
the primary Table.

e Orphans not allowed: all records in the foreign Table must be matched with a record in the
primary Table.
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Layouts

Layouts provide different views of the data stored in a database to application users:

e In Ml:Viewer and Ml:Explore, the Layout defines which Attributes, Meta-Attributes, Tabular
columns, record links, and headings appear on datasheets, and how they are all organized.

e In Ml:Explore, they are also used to define the Attributes, Meta-Attributes, and headings that
appear in the application Search pane and in the forms used to edit data.

E MTS-615721

Project Information
Project Name
‘ Project Code
Funding Organization
| Data Ownership
Data Ownership (Other)

Project Notes

|

18
Aircraft Mater|
ACM 27

US Defense O

In this layout:

Tensile Test Data layout

Studies of materials which could be usei “aspace. (=)-Project Information
Source of Testing ] MI:Viewer Project Name Ml  Mi:Training Tensile Test Data
Testing Organisation datasheet PijECt Code N
‘ Rebort Numiber Funding Organization e L
Test Information Data Ownership Search MI:Explore
Standard Test Description Data Ownership (Other) Search
ASTM ES, standard test methods of tension testing of mef# Distribution Category Project Information pane|
‘ Test Type Project Notes -
=)~ Source OfTeSﬁng Type your filter text here
‘ MTS-615721 Testing Organisation
Datasheet MI:EXplore AEuip <eimct _Mj;yir’(cﬂ text here
‘ » datasheet Repgrt Number
Project Information Testing Source Notes
Project Name —J- Test Information
Standard Test Description
Test Type Data Ownership
Testing Standards None selected
Institutional Standards Data Ownership (Other)

Source of Testing

es rganisation

Test Information

Standard

Test Descriptior

Type your filter text here

Distribution Category

None selected

Proiect Notes

Layouts are specific to one Table, and can be used to present different views of the data stored in
that Table, showing different Attributes and different headings, in a different order. Attributes and
Meta-Attributes that are not in a Layout will not be seen on the record datasheet when using that
Layout. For example, the same record is viewed here in MI:Viewer using two different Layouts; you

can see that the Aerospace Materials Layout includes functional data that is not shown when viewing

the datasheet with the All Bulk Materials Layout:
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Datasheet viewed

- with the All Bulk

E Aluminum, 7075, wrought, T6 =~ Materials Layout
COmpOSIUON aetall (metais, Ceramics ana glass-V
Restricted substances

e ? No
Bio-data
RoOHS (EU) compliant grades? Yes
@ Food contact Yes
Notes
Not valid for use in France and Italy, as material compositio|
Aluminum for food contact applications
Mechanical properties
Young's modulus 69 to 7¢
Flexural modulus 69 to 7¢
Shear modulus 26 to 2¢
Bulk modulus 67 to 74
Poisson’s ratio 0.325 ¢
Shape factor 16
Yield strength (elastic limit) 35910 ¢
Tensile strength 43410 ¢
Compressive strength - 39310 ¢
RV A A TR LY o N s 2 ZAui VNG Ao A i Vet e A NP M

E Aluminum, 7075, wrought, T6
LOomposIiuon getan (metais, ceramics ana giasses)
Bio-data

RoHS (EU) compliant grades?

Mechanical properties
Young's modulus
L”  Young's modulus with temperature
L Comp. Young's modulus with temperature
Flexural modulus
Shear modulus
Bulk modulus
Poisson’s ratio
Shape factor
Yield strength (elastic limit)
Yield strength with temperature
Tensile strength
Tensile strength with temperature
Compressive strength

Compression strength with temperature

Tl strenath, (P s of fupture)

Datasheet viewed

- with the Aerospace -

Materials Layout

Y

Yes

6910 76
View Graph
View Graph
691076
261028
67t074
0.32510 0.335
16

359 to 530
View Graph
434 t0 580
View Graph
39310 530

View Graph

A 35UQ S

/N

N _ 4 A

AL = L o GORN

A

@RS RN,

~

VTR

VN

\AJ

In the MI:Admin Schema tool Layout Editor, you add Attributes, Meta-Attributes, Tabular Columns,
Record Link Groups, and Associated Record links individually to the Layout, and organize them under

headings. For example:

Layout Editor
In this layout: =

[ - Test Conditions Heading
+- Additive Manufacturing
= Tensile Results
=1 Young's Modulus (11-axis) Attribute
Maodimum
Minimism
Standard Deviation Meta-
Madhan Attributes
Range
Murber of Samples
+- Propor tional Limit Attribute + meta
¥ 0.02% Offset Yield Stress  Attribute + meta
¥ 0.2% Offset Yield Stress  Aftribute + meta
+ Ultimate Tensde Strength  Attribute + meta
+- Tensde Falure Stress Attribute + meta
+ - Sirain at Tensle Faiure Attribute + meta
= Typical Stress-5train Curves
Tensde Response (11 aas)  ATtribute
Ramberg-Osgood Parameter  Attribute
= Further Information R0
HNotes Attribute
+- Tenshe test data used in this rolup  Attribute
Analysis Fie 1 Attribute
Analysis Fie 2 Attribute

Tensde Test Data  Record Link Group
Design Data Record Link Group

MIViewer datasheet

E AMS 6520, Plate, 1000°F

Test Tempedature
Tensile Results
& B Young's Modubus (11-axis)
Maximom
dnimaT
Standard Deviation

 Proportional Limit

M 0.03% Offset Yield Stross

B 0.2% Ofset Yield Siress

B Jitimate Tensibe Strength
Typlcal Stress-Strain Curves

L= Tensi Response (11 axis)
Ramiberg-Osgood Parametes

Further Infermaticn

Tensibe 1est data used in this roflup

¥ Tensib Test Dota
B = vrssismn

B = vrssisma

¥ Design Data
- L [T
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7.1  Meta-Attributes in Layouts

It is possible to include an Attribute in a Layout and all, some, or none of its Meta-Attributes. The
visibility of Meta-Attributes in datasheets in MI:Explore and MI:Viewer depends on whether or not
the Meta-Attribute is explicitly included in the relevant Layout, and, in Ml:Viewer, also on the user's
current datasheet view preferences.

7.1.1  Meta-Attribute visibility in Ml:Viewer
On datasheets in Ml:Viewer, Meta-attributes may be:

e Always visible

o Never visible

e Hidden, but showable
e Shown, but hideable

Attributes with hidden Meta-Attributes are flagged on datasheets in MI:Viewer with a Metadata
symbol Q‘ To view hidden metadata, users can:

e Click on the ®Metadata symbol in front of the Attribute name to view the hidden data.

e Click Expand all metadata on the datasheet View menu to see all hidden metadata on the
datasheet

e Switch to the Full datasheet view, where hidden metadata for all Attributes on the datasheet
will be shown along with all hidden graphs, Tabular data, discrete functional data, and data
links.

The default display behavior for metadata in MI:Viewer datasheets is determined by a combination
of:

e  Whether the Meta-attribute is included in the Layout being used for the datasheet

e Whether any metadata currently exists (i.e. is the Meta-Attribute populated or empty?)

e The user’s current datasheet view options (selected on the datasheet View menu) :

- Viewing the Summary datasheet or the Full datasheet
- Viewing Empty items (i.e. unpopulated Attributes/Meta-Attributes), or not

In summary:
] . Empty items hidden Empty items shown
Meta-attribute is
Summary datasheet Full dotasheet Summary dotasheet Full datasheet
¥ In the layout Al isibl Al isibl A isibl Al isibl
+ Has data ways visible ways visible ways visible ways visible
¥ In the layout . - . .
Mever visiole Mewver visible Always visible Always visible
= Has data
% [n the layout
v Hidden B Shown 2 Hidden ‘B Shown 2
¥ Has data
% In the layout
v Never visible Never visible Hidden Hidden
¥ Has data
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7.1.2  Meta-Attribute visibility in Ml:Explore

In Ml:Explore, there is no end-user show/hide capability, and Meta-Attributes are either included in
datasheets, or not included, depending on:

e Whether the Meta-attribute is included in the Layout used in the data view.

o Whether any metadata currently exists (i.e. is the Meta-Attribute populated?) AND whether
the data view is configured to show or hide Attributes/Meta-Attributes with no data (via
showBlanks data view property).

In summary:
Meta-attribute is... showBlanks = false showBlanks = true
¥ In the layout In datasheet I datasheet
n datashee n datashae

¥ Has data
¥ In the layout X

Mot in datasheet In datasheet
* Has data
¥ In the layout . .

Mot in datasheet Mot in datasheet
¥ Has data
% [n the layout ) )

Mat in datasheet Mot in datasheet
% Has data

7.1.3 Including Meta-attributes in Layouts, or not

Meta-Attributes must be explicitly included in Layouts intended for use in MI:Explore if you want
them to appear in datasheets and/or the search panel.

In Layouts intended for use in Ml:Viewer:

e Include a Meta-Attribute in the Layout if the metadata is important and you want to ensure
that users will always see it alongside the relevant data, without having to click to view it.
Examples: information about calculations used to provide the data, or notes on usage.

o Leave a Meta-Attribute out of the Layout if the metadata simply provides some
supplementary information or notes; this means it will be hidden by default on datasheets,
saving screen space, but users can still view it if they want to see it.

Note that only Meta-attributes that are included in the Layout will be exported when using the data
export options in MI:Viewer and Ml:Explore.

7.2  Tabular Attributes in Layouts

For Tabular Attributes, the tabular columns that appear in datasheets, and the order in which they
appear, are specified in the Layout.

All or only some of the tabular columns defined in the Attribute may be included, and the columns in
the Layout can be in any order (they do not have to be in the same order as in the Attribute
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definition. Note also that, if a Tabular Attribute is edited to add or to re-arrange the tabular columns,
any Layouts that include the Attribute must be updated to reflect this.

When you add a Tabular Attribute to a Layout, each tabular column must be individually added to
the Layout, for example:

In this layout:

- Restricted substances that may be usedin 1 »
Substance name
CAS number
Amount
Substance rating
Legislation name
Legislation rating
Effective date
Category
Function
Comments
Substance dedajation available?
-|- Bio-data

e T WSS I

" Tabular attribute

Tabular columns
included in the
Layout...

.. Tabular columns shown on the

datasheet (empty items are hidden here)
Restricted substances that may be used in the Hidd table

manufacture of this material

I, = = = = - 1
Substance name $ CASnumber $ Substance rating # Legisiation name % |Legisiation rating % Effective date # | Linking value

REACH - The Candidate List High risk of phase-oul | Tuesday, October 28, 2008
Dibutyl phthalate 84-74-2 To be phased-out 84.T4-2
REACH Annex XIV - The Autharisation List | To be phased-out

You can add some or all tabular columns, and order them as you prefer. For example, here's the
same Tabular Attribute and data shown above, with a different Layout; note that only some of the
tabular columns defined in the Attribute are included in the Layout, and they are in a different order
from the Attribute definition:

| Attribute definition
Tabular Columns

Column Name DataT

Substance name: short t In this layout:
CAS number short r .
Amount range = Restricted substances that may beusedin A
Substance rating discret CAS number
Legislation name discret rating )
tion rating disret Legislation rating Tabular columns
EFfecg dote dote ' Legislation name included in the
tve = Effective date Layout...
Category discret Comments "
Function hort | Substance decid ation avaiable?
Comments short t |- Bio-data
RoHS (EU) comgfant grades? .. Tabular columns shown on the
sl mmmbm ak  datasheet (empty items shown here)
Restricted substances that may be used in the Hide table
manufacture of this material
I - - - - - I.
CAS number # | Substance rating % Legislationrating # Legislation name 4 Effective date # Comments % Linking value (CAS nu
High risk of phase-out | REACH - The Candidate List Tuesday, October 28, 2008
84.74-2 To be phased-out 84.74-2
To be phased-out REACH Annex XIV - The Authorisation List | -
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7.3 Links to other records

Layouts can include Record Link Groups and Associated Records as well as Attributes, allowing links
to relevant records in other tables to be included in datasheets.

7.3.1 Record Link Groups

Including a Record Link Group in a Layout adds a heading on the datasheet under which linked
records are listed. For example, the Layout used for the record in the Tensile Statistical Data table
below includes two Record Link Groups that provide links to related records in other tables:

e Links to records in the Tensile Test Data table are provided by the Tensile Statistical Data
Record Link Group (via the reverse link Tensile Test Data).

e The link to the record in the Design Data table is provided by the Design Data Record Link

Group.
. M Viewer
Further Information datasheet
“ Tensile Test Data
Bl = vrss15721
Links via Bl = mrs-615731
Tensile Statistical Data B = mTss15741
Record Link Group i
. Bl = mrs-s15751
(reverse link)
Bl = mrs-s15781
Bl = wrss15771
“ Design Data
B} = 250 Grade Maraging, Maraged at S00F, Plate, Thickness: 0.1875
Links via O e e e
Design Data

Record Link Group

7.3.2 Associated Record links

Associated Records in a Layout allow datasheets in Ml:Viewer to include lists of records that are
linked via a Tabular Attribute in the record. The linked records are presented on datasheets in the
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same way as records in a Record Link Group, under a heading defined in the Layout. Note that
Associated Record links are not show in MI:Explore datasheets.

For example, the Layout used for the Tensile Statistical Data record below includes Associated
Record links under the heading Associated Tensile Test Data, with links to relevant records in the
Tensile Test Data table via the Tensile test data used in this rollup Tabular Attribute:

Tensile Statistical Data table Tensile Test Data table

M Titanium alloys, Ti-6AI-4V, Plate, -110°F I Tensile test Ti-6AI-4V-Plate, -110°F, Specimen: MTS-65655

Material type Testing series D
Faorm Testtype
Allay Young's modulus [11-xis)

Tensile test data used in this rollup

i ==t MELEELI W Tensile test: Ti-6Al-4V-Plate, -110°F, Specimen: MTS-65665
ErEmErll | BRI temperature (*F) | (11-axis)
Strain -110 18.5 Testing series |D
Strain -110 17.1 Testtype
Strain -110 17.6 Young's modulus [11-xis)
\ Strain -110 17.7

Associated Tensile Test Data B Tensile test Ti-6AI-4V-Plate, -110°F, Specimen: MTS-65675

p—
B Tensile test: Ti-BA-4\ Plate, -110°F, Specimen: MTS-55655 Testing series |0

B Tensile test: TiBA-4-Plate, -110°F, Specimen: MT5-55885 Test type
B Tensile test: TiBAL4V-Plate, -110°F, Specimen: MT5-55575 P"———‘-_—-'

Young's modulus [11-axis)
\_. Tenszile test: Ti-BA4V-Plate, -110°F, Specimen: MTS-55685

M Tensile test: Ti-GAI-4V-Plate, -11(FF, Specimen: MTS-65685

Testing series |0
Test type

Young's modulus (11-axis)

When adding Associated Record items to a Layout, the relationship between the source record and
the associated records may be expressed as a "From" link or a "To" link.
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'To' links

The source table contains a Tabular Attribute that references records in the linked table:

Coafings record

Tradenames
Vendor L]
ipsen international, Inc

.camen:-cl
AAA Plating

Tianiurn Finishing Co

¥ Producers

AAA Plati

Associated recordinisto | B YA Pitng

the records in the Producers - [B] ¥ Cametid

table (via the Tradenames -~ [B] ¥ Ipsen Intemational, Inc
tabular attribute) E % Titanium Finishing Co

. ,

'From' links

The linked table contains a Tabular Attribute that references records in the source table:

MaterialUniverse table Restricted Substances table

TABULAR ATTRIBUTE
Restridted substances that may be used in the manufacture of this material

B Borax [1303-96-4]

Chemical name

| Substance name CAS number Substance rating Index number

I

ciated
record
From' link

Classification

~@Materials where this substance may be
used in manufacturing

W ABS (20% glass fiber, injection molding) B ABS (20% glass fiber, injection molding)

Restricted substances that may be used inthe manufacture AT IR
ofthis material

B Barium silicate

Substance name | CAS number Substance rating ated

record
From’ link

Processes which may use this substance

Borax 1303-55-4 High risk of phas M Utrasonic machining (USK)

I Alumino silicate - 1720

Restricted substances that may be used inthe manufacture
ofthis material

ProcessUniverse table
Substance name | CAS number Substance rating

TABULAR ATTRIBUTE
Borax 1303-96-4 High rigk of phas

Resfricted substances that may be associated
with this process

~— [ Barium silicate Substance name | CAS number | Substance rating

Restricted substances that may be used inthe manufacture
ofthis material

Substance name  CAS number Substance rating B Ultrasonic machining (U SM)

Borax 1303-895-4 High risk of phas

Restricted substances that may be associated with
Arsenic trioxide 1327-53-3 High risk of phas this process

Substance name | CAS number  Substance rating

Borax 1303-96-4 High rigk of phas
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7.4  'Required' flag on Attributes in a Layout

Flagging an Attribute as Required in a Layout ensures that, when that Layout is used, users will not be
able to save or submit changes to datasheets unless that Attribute has some data.

Note that this is a Layout property and not a property of the Attribute itself; the same Attribute may
be marked as Required in one Layout, and not in another. If you want an Attribute to always be
required, it must be flagged as Required in every Layout.

In this example from MI:Explore, Designation is required; it is identified by an asterisk, and the field is
highlighted if the user attempts to save the datasheet without entering some data:

Layout definition in

Schema tool
Ini this layout:
General properties al Asterisk identifies this
as a required figld
Density r
Price
L N ([ —

e -
< >
Proper ties
[ Required (%)
[Jread-only

The datasheet cannot besaved if
the Designaion field, which is
highlghted, is empty.

7.5 'Read-only' flag on Attributes in a Layout

Flagging an Attribute as Read-only in a Layout ensures that, when that Layout is used, users will not
be able to edit the data for that Attribute.

Note that this is a Layout property and not a property of the Attribute itself; the same Attribute may
be marked as Read-only in one Layout, and not in another. To prevent users from ever being able to
edit the Attribute value, you will need to flag it as Read-only in every Layout.

However, note also that Ml:Viewer users can bypass the Read-only and Required properties set in
Layouts by viewing datasheets without any Layout selected (View > Change Layout > No Layout); in
this case, the Attribute would be editable, despite being flagged as Read-only in all Layouts. (To
systematically prevent users from editing data in specific Attributes, use Permissions-based Access
Control; see the GRANTA M| Access Control and Security Guide for details.)
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In Ml:Viewer, Read-only Attributes are identified in datasheets with a padlock icon; in MI:Explore,
they are simply not editable. For example:

E 250 maraging steel, maraged at 900F

. General properti
Layout definition Lt
in Schema tool | Designation
) ' ’ ) High algy steel, 250 Maraging Sieel, Maraged at 900°F
T GE es . Designation value cannot [ty
o be edited (MIViewer
Density

datasheet)

ol BEER, P ™ e o

3 A . . , [Editing]
! 250 maraging steel, maraged at 900F
Propertes
DREQL'Ed {:} General properties
ERead-only '

Desigration walue cannot
be edited (M I:Explore
datasheet)

7.6  Layout target applications

The applications in which a Layout is intended to be used can be specified as a property of the
Layout. This can be used to ensure that only relevant Layouts are available within each application,
for example, so users in one application don't see Layouts developed for use in other applications.

Choose the applications where this layout will be used

MI:Explore Add another application:
[] MI:Materials Gateway | |
[ ] MI:Viewer

| Add |

You can select any number of applications. If no application is selected, the Layout will be available in
all applications. By default, the Ml:Viewer, Ml:Explore, and MI:Materials Gateway applications are

listed; for applications developed using the MI SDK, you can enter the application name and click Add
to add it to the list, then tick the check box.

For example, there are 3 Layouts here that have been developed for use in the Ml:Explore
application: ExploreMaterials, ExploreProcesses, and ExploreTensileTestData. When these 3 Layouts
have no application flag set, Ml:Viewer users can see and select then in the Change layout list in

MI:Viewer. When these Layouts are flagged as intended for use in Ml:Explore, they are not shown in
MI:Viewer:
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Layout: AN bulk materials ~ View  Tools  Units Layout: AN bulk materials | View  Tools  Units

Full datashest Full datazhest
Frintable datasheet Printable datasheal
Show empty tems Show ampty items
Record properties Record properties
Expand all Expand all
Collapse all Collapse al

Mo layout ﬂﬂﬂ%h‘ﬂ k Mo layout ﬂ'ﬂ'gﬂeﬁﬂ k

Agrgspace matenals ~ Asrogpace materials U

All Altnbutes All Attributes

All bulk materials (Default) All bulk materials (Default) | Explore layouts |

Ceramics Caramics are flagged for use

ExploreMaterials Explore layouts do Metals in MI:Explore only

ExploreProcesses not have application Folymers

ExploreTensilaTestData | specified

Metals

Polymers

7.7  Access control details flags

In databases with permission-based access control implemented, information about the access
control permissions currently set on a record can be shown on datasheets in Ml:Viewer via Layout
properties.

7.7.1  Show access control permissions

The Layout property Show access control Permissions in a datasheet allows access control
permissions currently set on a record to be displayed be displayed at the top of datasheets in
Ml:Viewer.

e An Access control heading will appear at the top of datasheets

e Permissions set on the record will be shown below it.

For example:
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Layout definition Datasheet in MIViewer

E 250 maraging steel, maraged at 900F
Show hide access control information, when using this layout

General properties
[ show access control Messages in a datasheet Designation
High alloy steel, 250 Maraging Steel, Maraged at 900
[] show access control Permissions in a datasheet = o = _
Dansity
Price

Material form

Composition overview

Composition (summany)
Fel8 SNUT SCold BMa/ 4Ti 1Al
Base

E 250 maraging steel, maraged at 900F
Show hide access control information, when using this layout

Access control
] show access control Messages in a datasheet Nationality
| [+] Show access control Permissions in a datasheet | s
X UK
General properties
Designation

High alioy steel, 250 Maraging Steel, Maraged at S04

7.7.2 Show access control messages

The Layout property Show access control Messages in a datasheet allows access control "Set
Message" and "Unset Message" strings defined in the Access Control Schema to be displayed at the
top of datasheets in Ml:Viewer.

For example:

Layout definition Datasheet in MIViewer

E 250 maraging steel, maraged at 900F
Show/hide access control information, when using this layout
Access control
| Show access control Messages in a datasheet | -
Mationality

Show access control Permissions in a datasheet

¥ LIS - US nationals are permitted to access this data
X UK : No AC Permissions set

General properties

S —— — e e

L R O

L = AT e

For example:
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Layout definition Datasheet in MI:Viewer

E 250 maraging steel, maraged at 900F {
Show /hide access control information, when using this layout

Access control !

Show access control Messages in a datasheet :
Nationality {

" ermission: ¢

Show access control P S in a datasheet v US : US nationals are permitted to access this data |
% UK : No AC Permissions set !

General properties {

T - S e

7.8  Managing Layouts

To view and manage the Layouts in a table: in the MI:Admin Schema tool, select the database,
double-click on the table, then click Layouts

To create a new Layout, click Add or copy and then edit an existing Layout (Copy and Paste on the
shortcut menu, or CTRL+C/CTRL+V) or paste a Layout definition created in Excel into the Layouts list
from the clipboard.

7.8.1 Layout Name

This may be up to 255 characters long. The name entered here must be unique within the Table; it is
not treated as case-sensitive and so the same name with different cases is not permitted within the
same Table (e.g. "Polymers" and "polymers").
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7.8.2 Available items list

The Available items list shows all of the Attributes and Meta-Attributes, Record Link Groups, and
Associated Record links available in the selected table that are not currently in the Layout.

Available items:

- Associated Records | I Add -
+- Attributes

=] Fcord

K Groups Add with Meta Attributes -=
Materials ' '
Test Data: Creep

Test Data: Compression

Project

Test Data: Tensie

Test Data: HCF

Test Data: LCF

Test Data: FCG

-Test Data: Fracture Toughness (£
Test Data: Fracture Toughness (E
Test Data: Fracture Toughness (E
Test Data: Relaxation

. All of the Attributes and
< Meta-attributes, Record
Link Groups, and
Associated Record links
Create new (via Tabular Attributes)
in the Table

Double-click an item in the Available items list to add it to the In this Layout list, or select it and use
the Add buttons; Add with Meta Attributes-> adds an Attribute and all of its Meta-attributes. See
Meta-Attributes in Layouts for information about how metadata is displayed on datasheets in
MI:Viewer and Ml:Explore.
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7.8.3 Inthis layout list

The In this layout list shows the Headings, Attributes, Meta-Attributes, Record Link Groups, and
Associated Record links currently in the Layout. For example:

In this layout:

=I- General Information A
Series ID
Attributes - Material type®
Alloy
<- Remove Form
| | -Material ID
Maove Up . Project
. -Project code
Maove Down Reason for testing
senies status
Mew Heading Person "
Date started
Date finished
Motes on series
= Testing Information
Copy to clipboard = Tensile tests
Specmen ID
Paste from clipboard i Test status b
1« 1l >

Delete Heading

Rename

Properties
[+] Required (%)
[] Read-only

Click New Heading / Delete Heading to insert or remove Layout headings.

Use the Move Up and Move Down buttons to change the order of the headings and the items under
them.

Use the Copy to/Paste from clipboard buttons to export or import a Layout via the clipboard; see
Copying and pasting Layout definitions below.

Attribute Properties

Select an Attribute in the list and use the Required and Read-only check boxes to set these
properties, if required. See 'Required' flag on Attributes in Layouts, 'Read-only' flag on Attributes in
Layouts.

7.8.4 Show/hide access control information

Include permission-based access control details on datasheets in Ml:Viewer, if required; see Access
control details flags.
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7.8.5 Applications where this Layout will be used

Specify which applications the Layout is intended to be used with. See Layout target applications for
details.

e You can select any number of applications. If no application is selected, the Layout will be
available in all applications.

e By default, the Ml:Viewer, Ml:Explore, and Ml:Materials Gateway applications are listed; for
applications developed using the MI SDK, enter the application name and click Add to add it
to the list, then tick the check box.

7.8.6 Copying and pasting Layout definitions from the clipboard

Layout definitions can be copied into and out of MI:Admin via the clipboard, allowing you to
document your database schema, as well as define and modify it outside of MI:Admin, if

needed. Layout headings, Attributes, Meta-attributes, and static and dynamic Record Link Groups
may all be copied.

To copy a Layout definition from the Schema tool to the clipboard: click Copy to clipboard in the
Create a new Layout or Edit Layout page. The Layout data is copied to the clipboard, and can then be
pasted into a spreadsheet or a text file. Note that if there is one Tabular Attribute included in the
Layout, then all tabular columns are exported to the clipboard. Because of this, if you copy an
exported Layout which includes only some of the tabular columns back into MI:Admin, you will end
up with a Layout that includes all of the original Tabular columns.

To paste a Layout definition into the Schema tool from the clipboard: select the data in the
worksheet or text file and copy it to the clipboard, then click Paste from clipboard on the Create a
new Layout or Edit Layout page.

Each Attribute to be included in the Layout must on a separate row. In a text editor, the columns
should be tab-separated. For example: this Microsoft Excel worksheet defines the Layout items
shown on the right when pasted into the Layout Editor.

Column 2 Column 3 )
Column 1: Name of Attribute, Meta- (M eta-attributes only) In this layout:
Headings attribute, Record Link Group Mame of parent attrioute ~ Bio-data =
RoHS (EU) compliant grades
Bio-data RoHS (EU) compliant grades? ' Food contact
Food contact ¢ Notes
Notes Food contact { -|- Mechanical properties
Mechanical properties  Young's modulus ¢ =~ Young's modulus
Notes Young's modulus ' Notes
Flexural modulus L =1 Flesoural modulus
Notes Flexural modulus | Notes
Shear modulus | Shear modulus
Bulk modulus _ Buk modubs
Poisson's ratio p! Paisson's ratio
Shape factor ! Shape factor o
Yield strength (elastic limit) { - Y'E"’N‘i’;‘:‘lm (elastic lmit)
Notes Yield strength (elastic limit) § S Tensle strength
Tensile strength Notes
le.es ) Tensile strength Compressive strength W
B e e S < 5
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8 Subsets

Subsets are used in GRANTA Ml to group records in a Table with common properties together,
making it easier for Ml users to work with smaller, targeted collections of data of interest for a
specific purpose. Subsets can be associated with a specific Layout, and, the Subset and Layout

together may be used to:

e Restrict access to part of a Table,
o Simplify data, by showing only relevant records or Attributes to users,

e Provide a different perspective on the data.

When an Ml:Viewer user selects a Subset for a Table in the Contents tree, only records in the
specified Subset will be visible in the tree view or found when searching. For example, here you can
see how Subset selection in the MaterialUniverse Table results in a different set of available folders

and records in that Table:

Contents

MI:Training

*

¥ [=] ¥ MaterialUniverse

Subset All bulk matenials ((

7 Ceramics and glasses

¢ Hybrids: composites, foams, honeycombs, na

> Metals and alloys

PAPRPAPIE

»
»
»
> / Polymers: plastics, elastomers

» [=] ¥ Processuniverse

Contents Contents

MI:Training MI:Training

P *

v ;’ 1 ¥ MaterialUniverse ¥ [=] ¥ MaterialUniverse
Y ubset Aerospace materiais Y Subset P

v D ¥ Metals and alloys v D ¥ Polymers: plastics, elastomers

» O3 ¥ Ferrous » ¥ Elastomers
» [ ¥ Non-ferrous » [ ¥ Pilastics

» [i ¥ ProcessUniverse 4 E 7 ProcessUniverse

The Subsets for a table are defined in the MI:Admin Schema tool on the Subsets page for the table
(Table > Subsets).
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Users with Write privileges can move records and folders into and out of the Subsets in a table via
the record/folder Properties in MI:Viewer (Edit mode). Subset membership can also be set/changed
when importing data via GRANTA MI importers, and using the Record Manipulator plug-in in
MlI:Toolbox.

Contents L I )
MI-Training v D Metals and alloys
* 5
- % MaterialUniverse Properties ¢
T ¥ Subseb:All bulk materials {Default) ?
Short Name Metals and alloys #
» D W Ceramics and glasses Short Code MM 3
» % Hybrids: composites, foams, honeycombs, Created grei?;?or?eﬁlgn 1 E
¥ [3 ¥ Wetals and alioys Record GUID 00000824-000e-4
- |: Add to list Record History GUID a3f16d40-82c8-414
P | E= Copy to clipboard i
» .
IE Manage
Watch folder
EI & Create new record
m Download Excel Template Create new folder
b [ = FoONMETS IESIS, SlasTomeaTs Create new generic record
— . Move this folder
» ¥ ProcessUniverse Copy this folder {
» % Restricted Substances Delete this folder .
— Addiremove this folder toffrom a subset
» % Legislations and Lists ;
gt — —— - e e

N . il = T e SR g P E S s B —— T oy

Defining multiple Subsets is optional. When you create a new table, it automatically has 1 default
Subset in it. All of the records in the table can remain in the default Subset without any further
action.

8.1 Viewing and managing Subsets

To view and manage the Subsets in a table: in the MI:Admin Schema tool, select the database,
double-click on the table, then click Subsets.

8.2  Properties
Subsets in GRANTA Ml have the following properties.

8.2.1 Name

This may be up to 255 characters long. The name entered here must be unique within the Table; it is
not treated as case-sensitive and so the same name with different cases is not permitted within the
same Table (e.g. "All attributes" and "All Attributes").
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8.2.2 Layout

(Optional) A Layout which will be associated with this Subset. In Ml:Viewer, when a user selects the
Subset, this Layout will also be selected automatically. If no Layout is associated with a Subset, the
default Layout for the Table will be used when the Subset is selected.
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9 Records

Data is stored in records. A record is composed of

e Attributes that hold all the data about one particular material, process, coating, substance,
test, and so on, in the database. (aka Fields)

e Links to other records via Record Link Groups

Records have the following properties.

9.1 Full name

The record full name. May be up to 255 characters long.

9.2 Short name

A shorter version of the full name, up to 255 characters long. This is used to label the record in the
MI:Viewer Contents tree, and can also appear after the full name in datasheets and in lists of
records.

Contents & A b &

MI:Training A * =5 | Full Name (Short Name)

"
- ¥ MaterialUniverse
* O3 ¥ My Records

% Short Name

= > il " e Tl
I 1 P il - I - L ¥ ¥ o T Y

You can't have two records with the same Short Name in the same folder.

9.3 Short code

An optional code which could be used, for example, in a material taxonomy system.

9.4 Color

Records can be assigned a color which can be used in applications such as Ml:Viewer to differentiate
categories of record in the Browse tree and in record lists, for example, by material type, process
type, test type, or by properties such as recyclability or restricted substance content.

In Ml:Viewer, record color can be used as a search criteria, and may also be included in Comparison
Table reports.
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9.5 Record type
The record Type may be one of Record, Folder, or Generic:

e Record—a data record

e Folder—an organizational object used to group together data records to make browsing
records easier in applications such as Ml:Viewer and Ml:Toolbox. Folders do not contain any
data.

e Generic record—a record that is also a folder. Generic records are typically used to organize
groups of similar records and to capture data that is common to all of the records beneath
them.

For example, in this screenshot from Ml:Viewer, steel, cast iron, stainless steel, and tool steel records
in the MaterialUniverse Table are organized into a series of nested folders and generic records. The
Stainless steels generic record here includes general information about strengths and limitations,
composition, and processing properties common to the steel records below it in the tree:

v [=] ¥ MaterialUniverse
Y
-
v ¢ Metals and alioys
O Wi and snoye Folders
¥ [ ¥ Ferrous —
» [ ¥ Alloy steels N
» 3 ¥ cCastirons Generic
v [ ¥ Stainless steeis | records
v D v Austenitic o
v 3 ¥ Cast

» 3 ¥ asTMCE | Folders
v [ ¥ ASTMCN
B v AsTMCN-TM
Records
E ¢ ASTM CN-7MS

» 3 ¥ Wrought

» [ ¥ Duplex (semi-austenitic
» [ ¥ Ferritic

» [ ¥ Martensit

» X

P [ ¥ Tool steels )

sal”? Pl

In Ml:Viewer, the Record Type property can be used as a search criteria and may also be included as
a column in Comparison Table reports.

9.6 Date created, Created by

The date when the record was created, and the user who created it. Both of these record properties
can be used as search criteria in Ml:Viewer, and may be included in Comparison Table reports.

110

Ansys GRANTA MI 2021 R1- © Ansys, Inc. All rights reserved. Contains proprietary and confidential information of Ansys, Inc.
and its subsidiaries and dffiliates.



GRANTA MI Schema Guide—Records

9.7 Date last modified, Modified by

The date when the record was last modified, and the user who carried out the modification. Both of
these record properties can be used as search criteria in Ml:Viewer, and may be included in
Comparison Table reports.

Operations that will cause a change to a record's modification date are:

e Data changes (creation, modification, or deletion of datum values).
e Changes (creation, modification, deletion) to Meta-attribute data.
e Changes to quality ratings.
e Changes to the record Full Name, Short Name, Short Code, or Color.
e Changes to the record type.
The record last modified date will not be changed as a result of:
e Adding the record to/removing it from a Subset.
e Adding or removing static record links in the record.

e Changes to data derived from linked records via Smart Record links.
e Edits to Discrete Type values; see Editing Discrete Type values for details.

9.8 Record GUID (RGUID)

This is a GUID (an integer number in 8-4-4-4-12 format) that uniquely identifies the record. It is
unique across every table, every database, every server.

In version-controlled tables, where multiple record versions exist, each version has a different Record
GUID, and so the RGUID can be used to identify a specific record version, for example, when
exporting or importing data.

In Ml:Viewer, the Record GUID can be included in Comparison Table reports.

9.9 Record History GUID (RHGUID)
This is another GUID which can be used to identify the record.

Where multiple record versions of the same record exist, all versions have the same Record History
GUID. Accessing a version-controlled record by its RHGUID, for example, via a URL, will always return
the latest version of the record that the user is permitted to see (for example, for Read users this
would be the Released record, while Write users would see the unreleased record). To access a
specific version, use the Record GUID (RGUID).

9.10 Record History ID

This is an internal identifier.
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9.11 Datasheets

Datasheets are how MI:Viewer and MI:Explore users view and interact with the data in a record.

The record Full name is shown at the top of the datasheet, and everything else in the datasheet—
headings, Attributes, links to other records—is determined by a Layout, which can be used to present
different sets of data for different audiences. Datasheets in MI:Viewer may also include a standard
header and/or footer, defined as a property of the table.

Example tensile statistical data record datasheet in Ml:Viewer (left) and Ml:Explore (right):

Mi:Viewer datasheet Explore datasheet
€+ ¥ 0t aycut Stsical TestData  View  Tools  Units
AMS 6520, Plate, 1000°F
E AMS 8520, Plate, 1000°F

UL UTTSET YT ST, w7 MEa
winime  Record Full Name &7 WP
Maximum 75 MEa
Standard Deviation 20 WPa

0.2% Offset Yiold Siress 040 MPa
Standard Doviation 217 WP
Maximum 1080 WPa
Minimum £ WPa

Unimate Tensile Strengin 1260 MFa
Minimem 1240 MPa
Maximum 1200 WPa
Standard Devistion 208 WPa

Typical Stress-Strain Curves
Ls  Tensie Response (11 axis) View Gragh
Ramiberg Dsgood Parameter 15
Further Information
Tensile test data used in this rollup Number of records 5
Most recent date Manday, Decomber 2, 2002

Average temperature ('C) 533
Show Nl table 28 Open table

* Tensite Test Data

B = vrssi5721

B = vrss1573

B = wrs815741 Linked

B = MTs18751 records

B = wrss1s7en

B = vrss15m71

Linked
records

Design Data

ging, Maraged at S0OF. Plate, Thick
¥ Design Data

B} = 250 Grade Maraging, Maraged st 900F. Fiate, Tnickness: 0 187510 0.251 in. AMS 6520, S basis [v2]

ANSYS Grania provides no waimanty for tis cala

MI:Training should only b ussd for raining purposes. Afry omer USe is not Supported by Granta Design LY
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10 Access Control Categories

Attribute-based access control (ABAC) in GRANTA Ml allows access to individual records to be
granted or denied based on the value of specially-configured 'security' Attributes in those records.
For example, you could restrict who can see or edit material records based on the material’s
development status (Submitted, Approved, In testing, etc), ensuring that employees in Test and
Production groups don't have access to new materials until they have been approved.

Access Control Categories are central to the configuration of ABAC in GRANTA MI. For more
information about Attribute-based Access Control for GRANTA M, see the GRANTA M| Access
Control and Security Guide.

In summary, the Attribute-based Access Control workflow in GRANTA Ml is this:

e Access Control Categories are database level objects with a Discrete Type that defines a set
of permitted values.

e The permitted values of each Access Control Category are mapped to system security roles.

e Users must be assigned to the relevant system security roles in your authorization system
(e.g. AD, User Manager).

e Each Access Control Category may be mapped to a Discrete Attribute with the same Discrete
Type in one or more tables.

e The access control Rule Engine then determines, for a given record and user, what the
various possible permutations of Access Control Category values imply for that user in terms
of their permissions to (a) Read the record, (b) Write to the record and (c) Set or change the
value of the Access Control Category in the record.

What is the AC category value? \,
{e.g. Material Type=Composites,
Status=Approved,

Who is this user? Rule
(User's role memberships) Engine

Yes/ No

What are they trying to do?
(Read, Write, Change) /,

For example, the workflow for restricting access to a material record based on the material’s
development status could be as follows:
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1. Define the Discrete Type 2. Define the Access Control Category & attributes
Discrete Types Access Control Categories
Name Values Name Discrete Type
Submitted, Approved, In testing Development Status ac_devstatus
ac_materialtype Metals & Alloys, Ceramics, Polymers Material Type I ac_materialtype
ac_project Qrion, Jupiter, Apollo mapped to
Q
Attributes Attributes
Designzfion Material type
ConditW Overview
| Status |
UNS number Polymer code
Table: Metals & Alloys Table: Polymers

3. Configure the access control rules in the Rule Engine (map values to roles)

Approved

= submitted_Read 6 approved_Read

submitted_Write approved_Write

R

é. intesting_Read
IZ..I intesting_Write
[ ]

Do De e

[

(o]

. [ ]
= submitted_Change o

m intesting_Change approved_Change

4. Set access control values for records

B Lowalloy steel, AISI 4130 [l 250 maraging steel, 900F

Classification Classification
[status Submitted | [status Approved |

Material type Low alloy steels Material type High alloy steels
General properties General properties
Designation AlS| 4130 Designation High alloy steel, 250...
Density 0.281 to 0.284 Ib/in"3 Density 0.285 to 0.287 Ibfin*3
Price 0.2910 0.318 USD/Ib Bries 43510 4.78 USD/Ib

5. Only users who are members of the mapped roles can access the records

[ Low alloy steel, AISI 4130
submitted Read \

Classification approved Write

® Status Submitted
R approved Change
® O

T W intesting Read

submitted_Write
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10.1 Viewing and managing Access Control Categories

To view and manage the Access Control Categories in a GRANTA Ml database: in the MI:Admin
Schema tool, select the database then click on the Edit Access Control Categories link. All of the
Access Control Categories currently defined in the database are listed, showing the name and
Discrete Type.

Note that the Edit Access Control Categories link will only be available in MI:Admin if Attribute-based
Access Control has been enabled in your system (in MI:Server Manager, Access Control
Settings>Attribute-based).

Before creating new Access Control Categories, you should create the required Discrete Types which
will define the permitted values; see Discrete Types.

Note that deleting an Access Control Category will not delete any of the Discrete Attributes to which
it is mapped in the database Tables; to remove these, you will need to delete them individually from
each Table.

10.2 Properties
Access Control Categories in GRANTA Ml have the following properties.

10.2.1 Name

Maximum 255 characters. The name entered here must be unique within the database; it is not
treated as case-sensitive and so the same name with different cases is not permitted within the same
database (e.g. "ac_materialtype" and "AC_materialtype").

10.2.2 Discrete Type
The Discrete Type that defines the range of values for the Access Control Category.

10.2.3 Attribute

The Access Control Category is a database-level object, and it must be mapped to a Discrete
Attribute in each Table where you want to use it to control access to records. The target Attribute
must have the same Discrete Type as the Access Control Category.

This mapping is performed in the New/Edit Access Control Category page in the MI:Admin Schema
tool:

e If a suitable Discrete Attribute already exists in the Table, you can simply select it from the
list. Only Attributes with the same Discrete Type as the Access Control Category are listed.

e If no suitable Discrete Attribute exists in the Table, you can create one and map it in a single
operation by selecting <create new Attribute> in the list. The new Attribute will have the
same name and Discrete Type as the Access Control Category. If a Discrete Attribute of the
same name already exists in that Table, the new one will have a number in parentheses at
the end of its name e.g. ac_materialtype (2).
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Note that you will also need to ensure that the Discrete Attributes to which the Access Control
Category is mapped are included in the relevant Layouts in each Table.

Once this mapping between Access Control Category and Discrete Attribute has been made in
MI:Admin, users who have Change permission for the Access Control Category can set the Attribute
value in the same way as any other Attribute, by editing the record in an Ml application.

10.2.4 Table-level Values

A Table-level Values option in the New/Edit Access Control Category page allows the Granta
Administrator to set the value of a mapped Discrete Attribute on the Table itself, effectively
controlling access to the whole Table and all of the records in it in a single operation.

e The value is set on the table 'root node' only; setting a Table-level value does not set or
change the current value (set or unset) of the Discrete Attribute in individual records in the
Table.

e The Table-level value combines by a logical AND operation with any values set for the
Discrete Attribute in individual records in the table. So, to see a record, the application user
must be permitted to see the Table-level value AND the record value. If the value of the
Discrete Attribute set on the record permits an application user to see the record, but the
Table-level Attribute value prevents them from seeing the Table, the record will be hidden
from the user, and they will not be able to browse it (e.g. via links) or search it.

If the Discrete Attribute in the target Table is configured to allow multiple values, you will be able to
select more than one Table-level value in the New/Edit Access Control Category page.
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11 Constants

A GRANTA Ml data schema may define Constants which can be included in expressions used in
Equations and Logic Attributes, for examples: Electron Charge, Planck Constant. Constants are
database-level objects and can be used in expressions defined in any of the tables in the database.

To view and manage the Constants in a GRANTA MI database: in the MI:Admin Schema tool, select
the database then click on the Edit Constants link. All of the Constants currently defined in the
database are listed, showing the Constant name, unit, and value, and the name of any Equations and
Logic attributes in which it is currently being used.

11.1 Properties
Constants in GRANTA Ml have the following properties.

11.1.1 Name

Maximum 255 characters. The name entered here must be unique within the database; it is not
treated as case-sensitive and so the same name with different cases is not permitted within the same
database (e.g. "Electron Charge" and "Electron charge"). When you change the name of an existing
Constant, its name is updated wherever it is used.

11.1.2 Unit (optional)

You can select an existing unit, or create a new one. Note that changing the unit of a Constant will
not change its numerical value.

11.1.3 Value

A numeric value.

117

Ansys GRANTA MI 2021 R1- © Ansys, Inc. All rights reserved. Contains proprietary and confidential information of Ansys, Inc.
and its subsidiaries and dffiliates.



GRANTA Ml Schema Guide—Discrete Types

12

Discrete Types

Discrete Types are used to define the set of permitted values for a Discrete Attribute, which is a text
Attribute that takes one or more values from a predefined or 'discrete' set of values. Any number of
Discrete Types can be defined in the database, and used by Discrete Attributes and Meta-Attributes
in any of the Tables in the database, and also for Access Control Categories.

The same Discrete Type can be used by several different Discrete Attributes, for example, Standard
or Capital cost or ChemRes Ranking. Discrete Types may be ordered or unordered. For example:

Ordered:

Standard (Very poor, Poor, Average, Good, Very good)
Flammability (Highly flammable, Slow-burning, Self-extinguishing, Non-flammable)
Electrical conductivity (Electrical insulator, Semiconductor, Electrical conductor)

ChemRes Ranking (Unsatisfactory, Doubtful, Limited, Probably satisfactory, Satisfactory)

Unordered:

Cross-section geometry (Rectangular, Circular, Tubular, Other)
Impregnation process (Hot melt, Solvent, Other)
Material Family (Metal, Plastic, Elastomer, Ceramic, Glass, Natural)

Additive (None, Flame retardant, Impact modifier, Plasticizer/oil, Plasticizer/phthalate, Anti-
friction/wear lubricant, UV stabilizer)

12.1 Discrete Type thresholds

The order of Discrete Type values ('best' to 'worst', or 'worst' to 'best) is significant for Attribute-
based searches in Ml:Viewer.

Edit Discrete Type: Standard

L

Edit Discrete Type: CM Risk levels

Type a unique name for this Discrete Type: Type a unique name for this Discrete Type:
|standard ! CM Risk levels
- - . } i
The set of values this Discrete Type might take: The set of values this Discrete Type might take:
Very poor Worst ! Very low Best 3
Poor 4 Low \
Average i Miednm {
Good i High ;
Very good Best 1 very high ¥ Worst '
R I SN W ————— J
e W i i

I i

Where values are ordered 'worst' value first, 'best’ value last (e.g. the Standard Discrete Type in the
example shown above):
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e Searches with a threshold of 'is at least' will return records with that value and better

e Searches with a threshold of 'is at most' will return records with that value and worse.

For example, consider a search in the MI:Training database based on the Toughness rating Discrete
Attribute, which uses the Standard Discrete Type shown above:

e 'Toughness rating is at least Average' will return all records with a Toughness rating of
Average, Good, or Very good.

e 'Toughness rating is at most Average' will return all records with a Toughness rating of
Average, Poor, or Very poor.

Where values are ordered 'best' value first, 'worst' value last (e.g. CM Risk levels in the example
shown above) :

e Searches with a threshold of 'is at least' will return records with that value and worse.
e Searches with a threshold of 'is at most' will return records with that value and better.

For example, consider a search in the Product Risk database based on the Abundance risk level
Discrete Attribute, which uses the CM Risk levels Discrete Type shown above:

e 'Abundance risk level is at least Medium' will return all records with Abundance Risk Level
values of Medium, High, or Very high.

e 'Abundance risk level is at most Medium' will return all records with Abundance Risk Level
values of Medium, Low, or Very low.

12.2 Viewing and managing Discrete Types

To add or edit the Discrete Types in a GRANTA Ml database: in the MI:Admin Schema tool, select the
database and then click on the Edit Discrete Types link. The list shows the name, type (ordered or
unordered), and in which Attributes they are currently used.

12.3 Properties
Discrete Types in GRANTA MI have the following properties.

12.3.1 Name

This may be up to 255 characters long. The name must be unique within the database; it is not
treated as case-sensitive and so the same name with different cases is not permitted within the same
database (e.g. "Laminate Process" and "Laminate process").

12.3.2 Values
Click Add to add a new value, or Paste New to paste the clipboard contents as a new value.

Use the Move up and Move down buttons to order the values (for ordered Discretes).
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To remove a value from the list, select it and click Delete; you will not be able to remove values that
are currently assigned in any records in the database. See below for information about editing
existing values.

12.3.3 Ordered

Select the check box for a Discrete Type with ordered values (e.g. Poor, Average, Good, Very good);
clear the check box if the values should not be ordered (e.g. Circular, Rectangular, Tubular, Other).

12.4 Consequences of editing Discrete Type values

When you edit an existing Discrete Type value, for example, to correct a typo ("Durablity" to
"Durability"), or to make some other change to it (as in the image below), the value will be changed
throughout the system: the new value will replace the original value everywhere it appears.

Edit Discrete Type: ac_devstatus

Type a unigue name for this Discrete Type:

|ac_dﬂ-stau.|s

The set of values this Discrete Type might take:

add |
In testing
/ Edit
Approved The sat of values this Discrete Type might taé! [:& |
(Sibmitied for pevie] [N || Delete |
1 In testing 1 1l~n ronstaMew |
Approved !

A e A i gt

Read the information below carefully to ensure that you understand the consequences of changing
Discrete Type values, particularly when the Discrete Type is used in an Access Control Category.

12.4.1 Record modification date, record version

Discrete Type values are part of the database schema and are not treated as a data. Therefore,
modifying a Discrete Type value:

e Will not trigger a change to the modification date of records in which the original value was
used.

e Will not be tracked in version-controlled records, and will not result in a new record version
being created.

12.4.2 Attribute-based Access Control (ABAC) role names

Note In systems where Attribute-based Access Control is used, modifying the value of a
Discrete Type that is mapped to an Access Control Category will have an impact on the
security roles defined in the Rule Engine and may affect users' access to data.
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In Attribute-based Access Control, Discrete Types are used to define the permitted values for Access
Control Categories. The permitted values of each Access Control Category are mapped in the Rule
Engine to system security roles. Default role names are constructed by concatenating the domain
name (in systems with Windows authentication), the Access Control Category name, the Discrete
Type value, and a permissions identifier, as follows:

domain\AC_<AC Category Name>_<Discrete Type Value>_R (role with Read permission)
domain\AC_<AC Category Name>_<Discrete Type Value>_W (role with Write permission)
domain\AC_<AC Category Name>_<Discrete Type Value>_C (role with Change permission)

For example: an Access Control Category called Development Status is defined with the Discrete Type
ac_devstatus; the ac_devstatus Discrete Type has the values Submitted, Approved, and In testing.
The default role names in the Rule Engine are therefore:

Discrete Type values
in default role names

AC_Development Status_Submitted R
AC_Development Status_Submitted_W
AC_Development Status_Submitted_C

AC_Development Status_Approved_R
AC_Development Status_Approved W
AC_Development Status_Approved_C

AC_Development Status_In testing R
AC_Development Status_In testing W
AC_Development Status_In testing C

If the Discrete Type value that is used in an Access Control Category is modified, the default ABAC
roles will be automatically renamed to reflect the modified value. For example:

Edit Discrete Type: ac_devstatus Edit Discrete Type: ac_devstatus

Type a unique name far this Discrete Type: Type a unique name for this Discrete Type:

.ac_de-.-s!a:us ac_devstatus

The set of values this Discrete Type might take: The set of values this Discrete Type might take:

[ J pfisiniis o zeve B whon Dscrete
In testing EZ"‘; Type value name
Approved ’ is changed...
Discrete Type values ..the default role names are automatically
in default role names changed to use the new Discrete Type value
AC_Development Status_Submitted R AC_Development Status Submitied for Review R
AC_Development Status_Submitted W AC_Development Status Submitted for Review W
AC_Development Status_Submitted C AC_Development Status_Submitted for Review C
AC_Development Status_Approved R AC_Development Status_Approved_R
AC_Development Status_Approved_ W AC_Development Status_Approved_W
AC_Development Status_Approved_C AC_Development Status_Approved_C
AC_Development Status_In testing_R AC_Development Status_In testing_R
AC_Development Status_In testing_W AC_Development Status_In testing_W
AC_Development Status_In testing_C AC_Development Status_In testing_C
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In addition, any roles that have been entered manually in the Rule Engine configuration tool
(overriding the suggested default role name) will be replaced by a new default role name that
includes the modified Discrete Type value.
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13 Excel Template Definitions

13.1 Excel Templates in GRANTA Ml

‘Excel templates' are specialized Microsoft© Excel workbooks that can be used to export data from
GRANTA M, and to import new data, or update existing data in GRANTA MI. Excel templates allow
users with no knowledge of GRANTA Ml or the structure of the database to enter, edit, or analyze
data in Excel, and the data can then be imported into GRANTA Ml via Remote Import or the
MI:Toolbox Excel Importer plug-in.

GRANTA MI Excel templates include one or more data worksheets where data values may be
specified, and additional worksheets that specify the data structure and options including:

e Boilerplate text and graphics

e For data import: what type of data can be entered into cells in the data worksheets; options
relating to record naming and placement, auto-linking, conflict resolution, and access
control;

e For data export: which records and Attributes will be exported.
While Excel Templates can be defined manually, this is a specialist task, requiring familiarity both

with Microsoft Excel and with the structure of the database into which the data is being imported;
see the PDF document GRANTA M| Excel Importer Reference Guide for details.

Excel Template Definitions allow MI:Viewer users to generate Excel Templates for data import and
for exporting individual records, without requiring any specialist knowledge of the data schema or of
export/import template structure/configuration.

13.2 Excel Template Definitions

Excel template definitions are created in Ml:Admin and specify options that are used in Excel
Templates generated in Ml:Viewer, including

e Style elements for the data worksheets, such as a company logo or heading color, and
boilerplate text such as notes for data input users on how to fill in data values.

e Import options including name format for new records, data conflict resolution preferences,
and options for import of Functional and multi-value Discrete data.

e Placement options for new records.

e Data validation options.

Note: Equations and Logic (EEL) Attributes are not included in Excel template definitions
created in MI:Admin. If you need a template that can export/import Equations and Logic
Attributes, you will need to edit the template in Microsoft Excel to add the required
expression, parameter, and curve details, as covered in the GRANTA M| Excel Importer
Reference Guide and GRANTA M| Excel Exporter Reference Guide.
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13.3 Viewing and Managing Excel Template Definitions

To add or edit the Excel Template Definitions in a GRANTA Ml table: in the MI:Admin Schema tool,
select the database, click to expand the table, then click on the Edit Excel Template Definitions link.
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14 Expressions

Expressions may be defined for use in the evaluation of Equations and Logic data within a table. An
Expression represents a single mathematical expression that can include numeric Attributes from
within the same Table, as well as Parameters, Constants, and Functions, referenced as follows:

Type Format Examples

Parameter [P:<name>] [P:Temperature]
[P:Cycles]

Constant [C:<name>] [C:Electron Charge]

[C:Volume of Ideal Gas at STP]

Attribute [A:<name>] [A:Density]
[A:Shear modulus]

Meta-Attribute [A:<parent-name>H#<meta-name>] [A:Density#Sample size]
[A:Shear modulus#Std Dev]
For Attributes and Meta-Attributes only, the A: prefix may be omitted. e.g. [Density].

The calculation of Expressions is performed in database units; the result will then be converted to the
relevant display unit, if it is different.

14.1 Viewing and managing Expressions

To add or edit the Expressions in a GRANTA Ml table: in the MI:Admin Schema tool, select the
database, double-click on the table, then click Expressions.

14.2 Properties
Expressions in GRANTA Ml have the following properties.

14.2.1 Name

This may be up to 255 characters long. The name must be unique within the database; it is not
treated as case-sensitive and so the same name with different cases is not permitted within the same
database (e.g. "Process Model" and "Process model").

Maximum 255 characters. When you change the name of an existing Expression, its name is updated
wherever it is used.

14.2.2 Unit (optional)

You can select an existing unit, or create a new one.
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14.2.3 Value

Type the expression in the form, or click Edit and use the Expression editor to construct it from the
available Attributes, Constants, Parameters, Functions, and operators in the database/Table. To
check the Expression syntax, click Validate; for detailed information about Expression syntax in
GRANTA M, see Expression syntax reference.

Expression editor:

m Expression -

[2:Tensile strength] / ({1 + [P:Stress Baticl) / (1 - [P:8tress Hatiol]) +
[A:Tensile strength] / (([A:Tensile strength] * (1 + [A:Elongation] [ 100) -
[A:¥ield strength (elastic limit)]) / (legi(l + mean([2:Elongation] / 100)) -
[A:¥ield strength (elastic limit)] / (1000 * [A:¥oung's modulus])) * logil +
mean | [A:Elongation] J 100)) * (2 * [P:Humber of Cycles]) = -0.8 + [A:Tensile
strength] * (1 + [2:Elongatiomn] / 100) * (2 * [P:Number of Cycles]) -

(1logll (mean{ [A:Fatigue strength at 10-7 cycles] J ([A:Tensile strength] * (1 +
[A:Elongation] / 100)))) 7 1ng10t20000000))))|

FEOEE

[Net | [nd | [ Or |

NN NN

| 7. || HEse |

Atributes |Cor15tarrts I Parameters I Functions
Mame Uit ~
% filler by weight) A
A renewable resource?
Abundance in Barth’s crust ppm
Abundance in seawater ppm
Advanced compasite molding CD2 ka/kg
Advanced compasite molding energy Mg
Ag (silver) A
AlZ203 (alumina) A
Al (aluminum) EA
AN (aluminum nitride) A
Alumina fiber) A
Alumina lparticulate) %
Aluminum flake) A
Aluminum nitride (particulate) A v
oK || Cancel |
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15 Files

A number of files that contain supporting information for database users are stored in the database
and managed in Ml:Admin. These database 'metadata’ files should not be confused with data files
(such as a PDF or text files), which are stored in the database as File data.

15.1 Database home pages

Database home pages in Ml:Viewer provide a user-friendly 'landing page' for databases, typically
including links to useful resources, focused search/filter tools, and information about the database

content, for example:

Restricted Substances ﬂ Help / Contact

Overview Map Restricted Substances ritical Materials

Restricted Substances

The Restricted Substances data module for GRANTA M is a combined package of Materials, Restricted Substances,
Critical Materials, Coatings, and Eco data providing enterprises with a single, integrated view of key engineering
environmental, and regulatory data.

- )

Restricted Substances Critical Materials 3 Engineering & Eco »

Search, browse and generate Assess supply risks based on Find, select and compare materials
reports on legislations and lists, factors such as conflict minerals risk  according to their material
substances, materials, coatings, (Dodd-Frank Act), geopolitical risk, properties, restricted substance risk,
specifications, and products and physical scarcity, and price volatility. cost, environmental impact and
parts. more.

Search Restricted Substances

WSS GRANTA

Database home page files may include ASPX or HTML files, and related CSS, image, font, and
JavaScript files. These files are stored in the database and managed on the Home Pages tab of the
Files page in the Schema tool:
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MaterialUniverse - Files

Home Pages | Help Pages I Exporters | Configurations
== | css
p Il fonts Il fonts
- i_ITIEI 15 thelp-contact, html
Ll s I img
E=lindex.aspx
Il js

The ASPX or HTML home page for the database must be stored at the top level of the Home Pages
folder; other resource files used for the home page can be stored at the same level or in subfolders.
In this example, the database home page is index.aspx, and the other resources have been stored in
subfolders.

The home page file can be any file that can be served by IS, but note that your Windows system
administrator may have restricted the types of files that can be served. In a default installation of
MlI:Viewer, 1IS searches for a default document in the following order. The first match it finds
becomes the database home page.

1. index.aspx

2. index.html

3. index.htm

4, default.html

5. default.htm

Database home page files are stored on the Ml:Viewer web server in a homepagefiles subfolder
under the mi web application root folder, in a folder with the database name, for example:

CAinetpub\wwwroot\mi\homepagefiles\MI_Training\

15.2 Attribute Help pages

A GRANTA Ml database can include help pages that provide descriptions of, or additional information
about, the Attributes in the database, for example, the "Attribute Notes" and "Science Notes" in
GRANTA Ml reference databases. When help pages are configured for an Attribute, Ml:Viewer users
can click on an Attribute name in a datasheet to view information about it. For example, in this
picture from the Ml:Training database, the Downcycle Attribute has an Attribute Note, which
includes a link to a Science Note that provides general reference information about recycling and
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disposal properties; both the Attribute Note and Science Note in this example are defined as Help
Pages in the MI:Training database:

CO2 footprint, recycling 127014 I
Recycle fraction in current supply 52310578 %
Yes
Landfill ~
mirn. Downcycle
Indicates whether a material can be reprocessed into material of lower quality or performance.
One of six main options for handling materials at the end of a product's life. The relative environmental
Attribute | impact of these options is summarized as follows:
Note [ - : ]
End of Life option|[Description [Er burden|
Reuse Extension of product life Lowest |
Re-engineer Incorporation of re-engineered part into new product!
Recycie Reprocessing of material into primary supply chain_
Downcycie Reprocessing into a lower grade material
Coembustion Recovery of the calorific content of the material
Lana |[Disposal of materia ‘ . o
Test notes -

Eco properties: recycling and disposal
All matenials can be downcycled. Howevel End of life options,
Recycle) is not economically viable. Often | Resxcling and downcycling.
Eurther reading,

e

. 2-Tbe ecucling progess dearades the
End of life options. Materials have a life-cycle. They are d and refined, £ d mto products,
used, and at end of first life, rejected as “waste”. But what i3 waste to some markets is a resource to others,

creating a aumber of alternative channels down which the matenials continue to flow. Figure 1 introduces the
options: commit to landfill, combust for heat recovery, recycle (or downcycle), re-engineer (refosbish or
frecondition) and reuse. They are not easy to quantify - the last two (re-engineer, re-use) in particulas, depend on

Linked the nature of the refative cost of goods and labor and on standasd of living.  One - recycling - can be analyzed, at
Science "“teast approximately. The database contains data for the energy and carboa footprint of recycling and for the
Note | fraction of recycled matenal entering current supply.

/ | \
ESE | =
g5 (ol %! e J
\ xS 4
\
Wl
End of
= N

Help pages can be provided in the same way for the Parameters defined in a GRANTA MI database.

Help pages are authored outside of GRANTA MI, and stored in the database and managed using the
MI:Admin Schema tool:
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MI:Training - Files )
| Home Pages | Help Pages |Ex|:|orters | Configurations

=l |l Help Pages MName ".r‘

= ) himl E:fDissi|:|ation_hcb:ur_dielect'ic_lnss_... {

‘ ; attributenotes E:fDisb:nrﬁcnn_resistance_raﬁng.html 'r,

¢ Bl en 1 Downcyde. himl J

;o |l coating & Ecoindicator. himl :

_ !: material EEIectricaI_resisﬁvity.hhnl

mages {F Elongation, himl .f

rocess {

P rps EEIangaﬁDn_at_yield.hhnl f

w1l scencenctes @Embodled_&nergy.htﬂl !

B EN_Name himl 4

N N P S 7 P R NN
To add help pages for an Attributes, you need to:

1. Create the help files (HTML, CSS, image files) outside of GRANTA MI.
2. Import the files to the database on the Home Pages tab of the Files page in the Schema tool.
See Managing files below.

3. Edit the Attribute properties to include a link to the relevant help files. See Attribute
properties: Help page.

15.3 FEA Exporters

The FEA exporter files for each database are managed using the MI:Admin Schema tool. Each
exporter is specific to a particular database and Table, and consists of:

e an exporter configuration file (.exp), an XML file which contains all the information about
the exporter: the target package and model, the Attribute data to be exported, and the
transform files that can be used.

e one or more transform files (.xslt), which convert the data from the database into the format
required by the target package.

All exporter files must be located in the Exporters folder as shown below, but below that, you can
organize the files into sub-folders in any way you choose.
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MI:Training - Files

| Home Pages | Help Pages | Exporters | Configurations

=1- | Exporters Mame
= | MI_Training -_EﬂEx|:|0rter_.b.l:uaqus_6_MLI_LinearIsnTempThermaIF‘Iasﬁc.exp
- I Commaon exporters -_EﬂEx|:|0rter_.ﬂ'.haqus_6_MU_LinearIsuThermaIPIasﬁc.Exp

Design Data
i MatUni
Lo |l resources

Eﬂ Exporter_AnsysWE_MU_LinearIsoTempThermalPlastic. exp
-_Eﬂ Exporter_Inventor_MU_LinearIsoThermal.exp

-_Eﬂ Exporter_PTC_5_MU_LinearIsoThermalPlastic.exp

-_Eﬂ Exporter_PTC_MU_LinearIsoThermalPlastic.exp

-_Eﬂ Exporter_Solidworks_MU_LinearIsoThermal.exp

| Mew Folder | | Import Folder | | Import Contents | | Import Files | | Export | | Re-fetch Exporters |

The available FEA exporters are copied from the database to the following folder on the GRANTA M
server whenever Ml:Server is restarted and whenever the Re-fetch Exporters button in MI:Admin is
clicked:

C:\Program Files\Granta\GRANTA MI\Server\exporters\

15.4 MI:Explore configuration files

Ml:Explore application configuration files are used to define different data views for Ml:Explore
users. One file may include a number of 'configurations' specified in JSON (JavaScript Object
Notation) format, each of which defines a different data view, specifying:

e the Database, Table, and Subset containing the data of interest

e the Layouts used to filter and group the available Attributes within the MI:Explore
application, both in the Search panel and in datasheets

e the availability of features within the application, such as the ability to add new records, to
view or edit tabular data, to plot curves, or to generate reports.
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“corfigurations”™ specify
. . the available data views
Switch data view

Switch tor | METraining Matenals 'IJ.
ML Training examples i

! B MY Tradiiig dadabase

Key M Training Materkals

Testing
bl Trainin

xpicen 3 ML Traning Materais ~

Refer to the MI:Explore Configuration Guide for information about all the available application
settings for MI:Explore.

MI:Explore configuration files are imported, organized, and exported in the same way as home page,
help, and exporter files. After a configuration file has been added to or removed from the database,
no additional action is necessary; Ml:Explore users will see all the available configurations by simply
refreshing their browser.

In MI:Admin, configuration files for MI:Explore are located in a subfolder under Configurations. The
subfolder name must match the name specified in the configurationsPath setting in the Ml:Explore
application preferences.json file; by default, this is Explore. For example:

preferences.json file:

[ preferences json E3 |_

{

"appName™: "Explore™,

I"configurationsPath":

"Explore"l

"helpUrl™: "http://support.grantadesign.com/resoure

"preferences": {
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Corresponding folder in MI:Admin:

7
|

MI:Training - Files 1
| Home Pages | Help Pages I Exporters | Configurations | H'
=l | Cpofiourations MName - ';
i =] search.json :

[

4

el A el sl e st e W R

If you export and then modify MI:Explore configurations, or develop your own configurations, you
can check that the JSON is valid using the Validate Configurations button at the bottom of the
Configurations page after uploading them; validation results can be saved in a validation report for
troubleshooting.

15.5 Managing files

To manage the home page, help page, exporter, and configuration files for a GRANTA Ml database: in
the MI:Admin Schema tool, select the database then click on the Edit Files link.

Click Import Files, Import Folder, or Import Contents to import folders/files. All three of these
options are also available on the shortcut menu. The different import options work as shown in this
example:

Source files Import destination in Ml:Admin
folder1 Home Pages Help Pages Exporters Configurations
file1.html =~ § Help Pages || Name
TF = ttributenot
file2.html ¥ attributenotes 5 e
| file3.html + sciencenotes sdencenotes
| filed_html

Import Files (the files you select are imported):

Home Pages HelpPages Exporters Configurations

) Hap Eegss Name
+ attributenotes c_‘;;ttﬂb:ten<:;tes
» .
* sciencenotes - hiel.htm
€ fle3.htm
scdencenotes
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Import Folder (the folder you select, and its contents, are imported):

Home Pages HelpPages Exporters Configurations

) bep Fages Name
- html
5 |l attributenotes ) file 1.htm
folder 1} ) fie2.htm
v sciencenotes € fle3.htm
€ fles.htm

Import Contents (all of the files in the selected folder are imported, the folder is not imported):

Home Pages HelpPages Exporters Configurations

= Help Pages Name
+ m'attnt:yutenote':; atirbutenotes
+ scencenotes G‘\ file1.htm
€ fle2.htm
€ file3.htm
€ fles.htm
sdencenotes

If a file or folder with the same name already exists, you will need to specify how to resolve the file
naming conflict:
e Choose Skip to skip the import of that file/folder, and move to the next one.

e Choose Replace to replace the existing file/folder with the imported one. Note that, for
folders, the folder and all of its contents will be replaced.

e Choose Auto Rename to automatically rename the imported file/folder; for example
Density.html -> Density(1).html.

e Select Apply to all to apply the same name conflict resolution to all items being imported.

After importing new or modified files, you may need to do some additional tasks to make them
available to database users; see Making file changes visible to application users below.

To delete files, select them, then right-click and select Delete on the shortcut menu. You may need to
do some additional tasks to publish the database changes in applications; see Making file changes
visible to application users below. Note that, when removing a database home page, if you delete
the home page file but leave other files (such as images or linked resources) in the Home Pages
folder structure, an error is reported in MI:Viewer when it tries to display the database home page.
This error does not affect the other functionality of Ml:Viewer (e.g., you can still browse and search,
etc.). To return to using the default database home page provided by Granta, you must remove all
files from the top-level Home Pages folder.
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15.6 Making file changes visible to application users

After adding or deleting files, you may need to do some additional tasks to publish the changes in
applications such as Ml:Viewer or Ml:Explore, so users can see the latest files.

File type Action required to publish the file changes

Database home page Copy the files into the MI:Viewer application: log in to Ml:Viewer using

files an account with system or database Admin privileges, open the
Admin>General page, select the database from the list, and click Refresh
home pages. This will copy all of the home page files for the database
into a subfolder in the Ml:Viewer application homepagefiles folder,
C:\inetpub\wwwroot\mi\homepagefiles\

Help pages If you added or deleted Help files, you will need to create/update the link
to them from the relevant Attributes or parameters.
If you updated existing help files, you do not need to do anything.

FEA Exporter files Copy the files to the MI:Server application server by clicking Re-fetch
Exporters at the bottom of the Exporters tab in MI:Admin. This copies
the exporter files for the database into the application exporters folder,
for example C:\Program Files\Granta\GRANTA
MI\Server\exporters\MI_Training.

MI:Explore No additional action is required: Ml:Explore users will see the latest
configuration files application configuration when they refresh their browser.
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16 Parameters

A GRANTA Ml data schema may define Parameters that can be used in the evaluation of functional
data, for example, temperature, mass, or number of cycles.

16.1 Numeric Parameters

Numeric Parameters have numerical values that may be displayed with or without units; they can be
unrestricted (may be set to any value, interpolation is permitted) or restricted (only a defined set of
values is permitted, no interpolation possible). Examples from the MI:Training database:

e Strain (unit: % strain), used in the Attributes Isothermal Stress Rupture, Tensile Stress/Strain,
L, Compressive Stress/Strain.

e Material Cost (currency/kg), used in the Attribute Relative cost index per unit.

You can set the following scale and interpolation type options for numeric Parameters:

Scale Interpolation type Result

Linear Linear Linear

Linear Cubic spline Cubic spline

Logarithmic Linear Logarithmic

Logarithmic Cubic spline Cubic spline on Logarithmic

The effect of the different Scale and Interpolation type options for the Strain Parameter can be seen
in these examples:

Series data @

Paste tab-separated data below to create your graph

Tensile Response (11 axis) (MPa) Estimate (*) Strain (% strain) Data Type Lab Line Type
3 2.1 both
2 1 both
1 188 both
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16.2 Discrete Parameters
Discrete Parameters have text values. Examples from the MI:Training database include:
e  Statistical Basis, with the values Mean, A-value or B-value; used in the functional Attribute
Yield strength, and for some multi-value point Attributes in the Composite Design Data table.

e Stress/Strain Curve Type, with the values Full Range or Yield; used in the Attributes Tensile
Stress/Strain, L, Tensile Stress/Strain, ST, and Tensile Stress/Strain, LT

16.3 Viewing and managing Parameters

To view and manage the Parameters in a database: in the MI:Admin Schema tool, select the database
and then click on the Edit Parameters link. The list shows the name of each Parameter, its type
(numeric or discrete), values, default value, and which Attributes the Parameter is currently used in.
For numeric Parameters, the scale and interpolation type are also shown.
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16.4 Properties

Parameters may have the following properties in GRANTA MI.

16.4.1 Name

The name may not be blank and it may not contain left square bracket ( [ ), right square bracket (])
or colon ( : ) characters. Maximum 255 characters. When you change the name of an existing
Parameter, its name is updated wherever it is used.

16.4.2 Values
One or more values must be specified.

Use Set as Default to specify the default value for this Parameter; for numeric Parameters, this
specifies the value used for Interpolation or Selection. If no default value is set, the first value in the
list is assumed to be the default value.

For Discrete Parameters, you can order the values using the Move up and Move down buttons.

16.4.3 Help page

(Optional) The location and name of a file containing help information about the Parameter/data
("Parameter Notes"). This is configured in the same way as Attribute Notes; see Configure help pages
for Attributes.

16.4.4 Unit (Numeric Parameters)

You can assign an existing unit, or create a new one.

16.4.5 Restrict parameter to these values only (Numeric Parameters)
This property determines whether the Parameter is restricted or unrestricted.

e Clear the check box to create a Numeric unrestricted Parameter; this may have any value and
must be interpolated.

e Select the check box to create a Numeric restricted Parameter; this has a restricted set of
values and cannot be interpolated.

16.4.6 Interpolation type (Numeric Parameters)

One of: none, Linear, or Cubic spline. By default, Functional Attributes will use the Parameter's
interpolation and scale settings unless overridden in the Attribute's Default Content.

16.4.7 Scale (Numeric Parameters)

One of: Logarithmic or Linear. By default, Functional Attributes will use the Parameter's interpolation
and scale settings unless overridden in the Attribute's Default Content.
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17 Quality Ratings Systems

Quality Ratings Systems in GRANTA Ml allow quality ratings to be associated with data. They are
defined at the database level, and can be used in ("assigned to") any of the Tables in the database,
either when the Table is created or by editing the Table properties later. Each Table can have only
one Quality Ratings System in use.

A Quality Ratings System may have discrete values (a specified set of string values) or continuous
numerical values:

Discrete qualiy rating systems Continuous quality rating system
™ ( )
Quality Based on Data Source Test Numerical Quality system
Highest Derivedin-house r-y
From Design Data 095
0.75
Test Data Quality system gz 1-0

Highest Good . !
* Satisfadory  meeshon

Lowsst Poor
"y

For both discrete and continuous Quality Ratings Systems, a threshold can be specified, and values
below the threshold will be highlighted in red on datasheets in Ml:Viewer. For example:

P

Edit Quality Ratings System: Test Data Quality system
' 7
{
Type a unique name far this Quality Ratings System: |
irestom Quakty system| {
2
Quality Ratings (quality Increases as an item is moved down the list): ¢
Poor f
Satisfactory )
Good < .
Young's modulus 26510279 10"6 psi )
Test Data Quality system Satistactory 1
: = Value belowthe ¢
I -‘ ) = {
Flexural modulus 65t027¢ threshold is ?
Test Data Quality system Poor highlighted on /
3 4
Shear modulus 10.2t0 11.2 datasheet n :
Test Data Qualit t Satisfactory MI:Viewer ¢
Theeshold Valoe: est Data Quality system atisfactory (
r Bulk modulus 23210244 10°6 psi
| Satsfactory
” Test Data Quality system Good |
SS—— J p
Poisson's ratio _ s ) L, 031100323 )
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In MI:Viewer, users can choose to show or hide quality rating data on datasheets, and change the
threshold (changes apply in the current Ml:Viewer session only).

L
Quality System Options
Quality system options for database ‘MI:Training’

# Show quality ratings

Quality system thresholds

Quality Based on Data Source |- Database default- » {
Test Data Quality system [F‘uur ﬂ .:5
~No threshold - {

TestNumencal Quality system | _ patahase default -

Satisfactory —
| Good
Save || Cancel

gt - S
et R P I R P, i’

17.1 View and manage Quality Ratings Systems

To view and manage the Quality Ratings Systems in database: in the MI:Admin Schema tool, select
the database and then click on the Edit Quality Ratings Systems link.

You cannot delete a Quality Ratings System that is currently being used in any Tables in the database.

17.2 Properties

17.2.1 Name

Maximum 255 characters. When you change the name of an existing system, its name is updated
wherever it is used.

17.2.2 Continuous Quality Ratings System

Select this option for numeric rating values and then specify whether quality increases or decreases
with numeric value:

e Select Quality increases with numeric value for higher numbers = higher quality (e.g.
1=Poor, 5=Excellent)

o Clear the Quality increases with numeric value check box for lower numbers = higher quality
(e.g. 1=Excellent, 5=Poor)
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17.2.3 Discrete Quality Ratings System

Select this option for a discrete (text) rating system, and then define the set of rating values. Use the
buttons to add values, or to rename, delete, and reorder existing values.

17.2.4 Threshold Value

Optionally, set the database default threshold value for the rating. If a threshold is set, any quality
rating below the threshold value is highlighted in MI:Viewer (see above for an example). This
threshold value can be overridden temporarily by users on the Options page in Ml:Viewer.
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18 Replacement Strings

Replacement Strings are used to define a string that is inserted into a Hyperlink address when the
URL is resolved. The ability to define part of a URL once in the database, and then reference it in
records makes it much easier to maintain hyperlink data and to repair broken links, for example,
after a site move or a domain name change. Replacement Strings may include:

e Text, for example, a protocol, domain name, hostname, and/or path.

e Placeholders that allow data from Short Text Attributes in the same record to be dynamically
inserted into the address when a user clicks on the hyperlink in a datasheet and the URL is
resolved.

Replacement Strings are database-level objects defined in MI:Admin, and are referenced in the
Address field of Hyperlink Attributes using the syntax: {s:replacement_string_name}

Example: in the More Information Hyperlink Attribute shown here, the web server address part of
the Address field is specified using the Replacement String called webURL, which is defined in
MI:Admin as http://acme.com. When the link in the datasheet is clicked, the URL is resolved as
shown:

Data MNotes

Data
More Information Description Source of data
Address {s:webURL)resources/materials/hardnesscharts.htm Insert placeholder...
Target New win. v
Editing the
Mot Applicable

Hyperlink data

Additional Information

]

Datasheet

More Information Sourcq of data .
view
F A ——— - il P /_,_' e — o

sl - e Y

In the example below, the webURL Replacement String includes a placeholder for the Short Text
Attribute Composition, as well as a protocol, domain, and path:
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"Enter the naime riheweplacement Sfings " et

(webURL

s T I

Compose a Replacement String by byping text and aptiony —
replaced by the walue of the specified Short Text Attribut 1 REP|ECE ment string

defined in Ml:Admin
includes website and an

|hun:ﬂm.mﬁemcesf{a:canwmn}|

Insert placehalder attribute placeholder
Select a table: T
Training Exercise (completed) w :5
Availableattributes: f
Material lr:
E il WP S i
Data Motes
Data
More Information Description Source of data |
Addrass {s:webURL}help012 htm -
Target MNew window L
Mot Applicable
. i ¥, e o W N . _\ _,.,\“. ___\
Additional Information f
More Information !
e R i WY g P e ,_.._.»—;

3. Website and the attribute
value for this record are
inserted into the resolved URL

18.1 Viewing and managing Replacement Strings

! 2. Address field in the

hyperlink attribute
includes the
replacement string

acme.com/resources/Ti = alloying elements/help012.htm

To view and manage the Replacement Strings in a database: in the MI:Admin Schema tool, select the

database and then click on the Edit Replacement Strings link.
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18.2 Properties
Replacement Strings in GRANTA Ml have the following properties.

18.2.1 Name

Maximum 255 characters. Note that if you change the name of an existing Replacement String, the
name will not be updated anywhere where the original name is already referenced in existing data
values.

18.2.2 Value

A string that includes some/all elements of a URL (e.g. protocol and host, plus path...). To include
Attribute placeholders within the string, for example, in the path, under Insert placeholder, select a
table and then double-click the Attribute name in the list.

Replacement string examples:
http://mycompany.com/library/index.htm
https://www.myorg.com/projects/{a:Project Code}/data/

http://acmedesign.local.com/resources/{a:Manufacturer}/datasheet.htm
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19 Report Templates

Report templates provide a quick way for Ml:Viewer users to select Attributes for a Comparison
Table or X-Y Chart report, saving them from having to find and add individual Attributes one-by-one.

A comparison table allows attributes to be directly compared for several records.

Template Mame
0% and 90° compresson data
0° and 907 tension data
In-plane and interlaminar shear data
Material amd laminate information
Bn XY chart allows teo sttributes ta be plotted far several recards.
& I
T lates defined Template Hame Template Desaipbon
E’?"F’;ﬁfd TINEC 11 0,29 yiekd strength vs Temperature
n -Aamin Madulus v Temperature
LTS wa Temperatune
L MMH-JH'MWW
Select Report Content
Add atiricutes o the repor Reepedt conlent
:"'!-"" fyping an affribube nama o In-plame shear modulus - measured
oE tri In-plane shear modulus - normalized
In-plane shear ulmale sirength - measwed
In-plane shaar ulimale stength - nomalized
Liss lamplals
Apes Interlaminar sheas (SB5) strength - maasured
| In-paane and interlaminar shear data ‘i i
|
0" and 90 comprassion data i
A4 0 and 90° tension data Chart Properties
Malarial and laminate information [
Last X- chart alicws the relationship beteean two altributes for 8 5ol of neconds 1o b eusmined
0 moEhedoy |

Template selection || Efthe chooss a report temglat o use, of thodse attibutes bo use a5 the X and ¥ as Belaw
in MEViewar

| Report Template

Choode a repon lemplate

UTS vi Tempadatune
0.2% yield sirength vs Temperature
_MMIH vi Tomparabang

Axis Attributes
i T i

19.1 Viewing and managing Report Templates
Report templates are defined per-table in the MI:Admin Schema tool: click to expand the table in the
Tables pane in the lower left of the Schema tool, and then click on Report Templates.
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19.2 Comparison Table Report template properties
Comparison Table Report Templates in GRANTA MI have the following properties.

19.2.1 Name

The template name may be up to 255 characters long. The name must be unique within the Table; it
is not treated as case-sensitive and so the same name with different cases is not permitted within
the same Table (e.g. "Summary Report" and "Summary report").

19.2.2 Description

An optional description of the template. The name and description both appear in the template
dropdown list on the Select Report Content page in Ml:Viewer.

19.2.3 Attributes

Choose the Attributes to include in the report from the list on the left and add them to the Chosen
Attributes list on the right.

Use the Move Up and Move Down buttons to specify the default order of the Attributes in the
report. Users will be able add more Attributes, remove Attributes, and reorder them in Ml:Viewer.

To sort the records in the Comparison Table on one of the Attributes in the table, click Sort by
Attribute, select the Attribute from the list, and specify whether to sort by ascending or descending
values.

19.2.4 Parameters

You can optionally set the parameter values used for Functional data in Comparison Table reports
based on the template.

By default, when users create a Comparison Table that includes functional data, the parameter
default values are used, and users can pick a different value for the report if they wish via a Tools >
Change parameters option on the Comparison Table Report page in MI:Viewer. However, you can
set up the template to specify the parameter values to use for functional data; to do this, click Set
Parameters and specify the required values. This also has the effect of removing the Tools > Change
parameters option from the Comparison Table Report page in Ml:Viewer, preventing users from
changing the parameter values used in the report.
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19.2.5 Statistical Summary options

Specify how statistical summary data will be displayed in the report by default; MI:Viewer users will
be able to change this before generating the report, for example:

Summary statistics:| Do not include statistical summary

| Do not include statistical summary
Treat zero value Data and statistical summary
Statistical summary only

19.2.6 Records as rows/Records as columns

By default, the rows in the Comparison Table contains records, and the column contain Attributes.
Selecting the Records as columns option here will transpose this, so when the user views the
Comparison table on screen, the rows will be Attributes and the columns will be records, for
example::

(®)Records as rows Template

=y

X Fatigue strength model (stress range) | X Tensile strength with
(ksi) (ksi)
Number of Cycles = 1e7, Stress Ratio = -1 Temperature = 80
% B Low alioy steel, AISI 4130, air melted, quenched & tempered 64.2 10 121 12510179 }
% [BY 250 maraging steel, maraged at 900F 97.110 115 24410 270 {
% [ Titanium, alpha-beta alloy, Ti-6AI-4V, solution treated & aged 74310 112 13010165
XE Titanium, alpha-beta alloy, Ti-6AI-4V, annealed, generic 60.4 to 107 12510174 |
g N T e R o= e g | G S~ - ,71_—,__,//
(@ Records as comns . Template
¢
xX X X X X X
Bl towaoy [ 250 Y vitanium, B vitanivm,|
steel, AISI  maraging  alpha-beta alpha-beta | Titanium,
4130, air steel, alloy, Ti-6AL  alloy, Ti-6Al- | alpha.beta Al
meited, maraged at 4V, solution 4V, annealed, | alloy, Ti-
quenched & S00F treated & generic GAI-4V,
tempered aged aged }
X Fatigue strength ¢
model (stress range) 3
(ksi) 64210121 | 97110115 | 74310 112 60410107 | 80.2t0 103 | 42
Number of Cycles = 1e7, {
Stress Ratio = -1 {
% Tensile strength with ‘}
oy 12510179 | 24410270 | 13010165 | 12510174 8dh
4
Temperature = 80.3 °F | _,!)
{

However, note that this will only affect the data when viewed on screen: when saving the report data
to the clipboard, to a CSV file, or to an Excel report, records are always shown as rows.
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19.3 X-Y Chart template properties
X-Y Chart Templates in GRANTA MI have the following properties.

19.3.1 Name

The template name may be up to 255 characters long. The name must be unique within the Table; it
is not treated as case-sensitive and so the same name with different cases is not permitted within
the same Table (e.g. "Young's Modulus vs Temperature" and "Young's Modulus vs temperature").

19.3.2 Description

An optional description of the template. The name and description both appear in the template
dropdown list in Ml:Viewer.

19.3.3 Chart Title

You can optionally specify the chart title. If not specified, the chart will not have any title. For
example:

Type an optional Chart Title for this X¥ Chart Template: .

Mo title specified in
~. the chart template

2180

-

Yield strength (elastic limit) (MPa)

242
2220 8550

Density (ka'm~3)
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Type an optional Chart Title for this XY Chart Template:

Title is specified in

Yield Strength vs Density (at Room Temperature) the chat template

Yield Strength vs Density (at Room Temperature)
2180

8

Yield strength (elastic limit) (MPa)

k3
3
]

2220 550
Density (kg/m*3)

19.3.4 Xand Y axis properties

Specify the X and Y axis Attributes and set the axis scale and range properties.

19.3.5 Parameters

You can optionally set the parameter values used for functional data in X-Y charts based on the
template.

By default, when users create a chart that includes functional data, the parameter default values are
used, and users can pick a different value for the report if they wish via a Tools > Change parameters
option on the X-Y Chart page in MI:Viewer. However, you can set up the template to specify the
parameter values to use for functional data; to do this, click Set Parameters and specify the required
values. This also has the effect of removing the Tools > Change parameters option from the X-Y Chart
page in Ml:Viewer, preventing users from changing the parameter values used in the chart.

149

Ansys GRANTA MI 2021 R1- © Ansys, Inc. All rights reserved. Contains proprietary and confidential information of Ansys, Inc.
and its subsidiaries and dffiliates.



GRANTA M| Schema Guide—Search Masks

20 Search Masks

Search Masks are text search filters for home pages. They can be used to provide quick search
functionality that's limited to a specific set of text Attributes in a specific table. In searches based on

Search Masks:

e Data in the specified Short Text, Long Text, and Discrete Attributes is searched; link notes are
also searched.

e By default, record names are not searched. This can be configured by modifying the Search
setting IncludeRecordNamesWhenUsingSearchMask in the MIServer.exe.config application
configuration file.

Edit Search Mask: Search for substances

Type a wnique name for this Search Mask:

[Search For substances

Type a description for this Search Mask:

IMCEW,ECW.‘:WMUMM

Available attributes Chasen attributes

#- Materialniverse
+- Procassl nnasris

Attributes in Search Mask

| ” Restricted Substances -> CAS number
Restricted Substances -> Chemical name
Restricted Substances -> EC number

Lol Dttt oo bmrormes

Samlple Homepage

Saarch within MI: Training
Submit

Quick searches

Find subsiances

| Search |

Seach for substances Search l-
Mask used on a Database
Home Page

Find matesials and processes

F

For information on how to configure application, Profile, and database home pages to use Search
Masks, as shown in the example above, see the MI:Viewer Home Page Author Guide.

20.1 Viewing and managing Search Masks
To view and manage Search Masks in GRANTA MI: in the MI:Admin Schema tool, select the database

and then click on the Edit Search Masks link.
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20.2 Properties
Search Masks in GRANTA MI have the following properties.

20.2.1 Name

This may be up to 255 characters long. The name entered here must be unique within the database;
it is not treated as case-sensitive and so the same name with different cases is not permitted within
the same database (e.g. "Search for Substances" and "Search for substances").

20.2.2 Description

An optional description of the template. This only appears in MI:Admin.

20.2.3 Chosen attributes

Choose the Attributes to include in the Search Mask by selecting them from the list on the left and
adding them to the Chosen Attributes list on the right.
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21 Search Templates

Search Templates define a collection of Attributes for Attribute-based search queries in Ml:Viewer.
When a search template is selected in MI:Viewer on the Advanced Search page, all of the specified
Attributes are added as search criteria in a single click, saving the user from having to find and add
each Attribute to the query individually. Users can then remove individual Attribute criteria from
their search or add more Attributes as required, and also specify search thresholds and parameter
values, before running their search.

MI:Training - MaterialUniverse - Search Templates

A Search Template adds a predefined list of attribubes to a search.

: = 1 Search templates
hiame Description defined in MI:Admin
Search Al bulc materialy  Perform a search among coemonly used enginesning materials Srcherma tool
Search Polymers Perform a search among only polymers

lsdit Search Template: Search All bulk materials

Trpe a unigue name for this Search Template:
:S-tan:h Al bulk; matenals
Type a description for this Search Template:
P-rfﬁ:r'n a search among commonly used engneering maberials

Choose sttributes farthe Search Template Chosen attributes

_Td* Attributes = Attribtes in Search Template
% filer (by vesight) A Ciompasition (aummary)
A renewable resource? Price
Abundsnce in Earth's crust R =
Tensle st th
Abundance in seavater — (ﬂ?
Advanced composite malding COZ )
Advanced composite molding energy —
| T i PP U B - . il
!
Advanced Search Reset Search }
f
¢
.
Search in | Any lable v [} # Lize a predefined search | Choose a predefined search N n;
Choose a predefined search "
Mi: Training !
Search All bulk materials |
« Search for attributes and data @ Search template Search Poiymars 5
selection in Y
MI:Viewer | | Fun & saved search 5
e R i .- N i | S, J—‘I

21.1 View and manage Search Templates

Search Templates are defined per-table. You can view and manage the Search Templates currently
defined in a table on the Search Templates page in the MI:Admin Schema tool. Expand the table in
the Tables pane and then click on Search Templates. Click on a column header to sort the list.
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21.2 Search Template properties
Search Templates in GRANTA MI have the following properties.

21.2.1 Name

This may be up to 255 characters long. The name entered here must be unique within the Table; it is
not treated as case-sensitive and so the same name with different cases is not permitted within the
same Table (e.g. "Search polymers" and "Search Polymers"). The name appears in the list of
predefined searches on the MI:Viewer Advanced Search page, for example:

«| Use a predefined search | Choose a predefined search v ©
Choose a predefined search h‘ L

MI:Training f
Search All bulk materials )
Search Polymers |

Run a saved search ,:'

il

T o el e e, e s,

21.2.2 Description
(Optional) This appears only in MI:Admin on the Search Templates page.

21.2.3 Chosen attributes

The template can include Attributes and Meta-attributes from within the same Table as the
template, or from other Tables that are linked via static Record Link Groups.

Select Table Attributes above the list to choose Attributes in the same Table as the template.

If the Table includes any Static Record Link Groups, Attributes from the linked Tables may be
included in the template by choosing the Record Link Group from the menu above the list. Selecting
a Linked by item from this menu will show the Attributes in the linked Table. For example, this Search
Template in the Tensile Test Data Table may include Attributes from other Tables via the Design Data
or Tensile Test Data Record Link Groups:

Choose attributes forthe Search Template

Table Attributes *

Table Attributes

Linked by: Design Data (Design Data [MI_Training_12.

Linked b;: Tensile Test Data (Tensile Test Data [MI_Tr
H 1

Analysis File 2

Cut from Part

-- Proportional Limit

-- Ramberg-Csgood Parameter
Statistical Analysis ID

-- Strain at Tensile Failure
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22 Standard Names

A GRANTA Ml data schema may include Standard Names that are used to uniquely identify
properties, parameters, or relationships in the database. Standard Names can provide a way of
handling diversity in terminology, where multiple synonyms are used for the same physical or real-
life property:

Young's Modulus: E, Elastic Modulus, Modulus of Elasticity, Stretch Modulus, Monotonic
Modulus, Static Modulus, Tensile Modulus, Coefficient of Elasticity, Modulus in Tension,
Deflection Resistance, Extensional Modulus

Standard names in GRANTA Ml are database-level objects and may be mapped to Attributes,
Parameters, and Record Link Groups in the same database. For example, the Ml:Training database
includes the following standard name mappings:

Standard name Mapped to these Attributes

Poisson's ratio 0° tension Poisson's ratio - normalized in the Composite
Design Data table
Poisson's Ratio, L in the Design Data table
Poisson's ratio in the MaterialUniverse table

Tensile strength 0° tension strength - normalized in the Composite Design
Data table
Tensile strength in the MaterialUniverse table

Tensile strength, yield with Tens. Yield Stress (L-dir) with Temp. in the Design Data table

temperature Yield strength with temperature in the MaterialUniverse
table

Tensile modulus Modulus, L in the Design Data table

Young's modulus in the MaterialUniverse table

Young's modulus 0° tension modulus - normalized in the Composite Design
Data table
Young's Modulus in the MaterialUniverse table

Standard names are often used when configuring a database for use with the Service Layer and
Reports, or when setting up fallback links between a customer's own GRANTA Ml database and a
data module supplied by Granta Design.

22.1 Viewing and managing Standard Names

Click on the Edit Standard Names link on the left of the Schema tool. The list shows each standard
name, and the Attributes, parameters, and Record Link Groups to which it is currently mapped.
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22.2 Properties
Standard Names in GRANTA Ml have the following properties.

22.2.1 Name

This may be up to 255 characters long. The name entered here must be unique within the database;
it is not treated as case-sensitive and so the same name with different cases is not permitted within
the same database (e.g. "Chemical name" and "Chemical Name").

22.2.2 Mapped Attributes

The Standard Name can be used to reference Attributes in any of the Tables in the database.

22.2.3 Mapped Parameters

The Standard Name can be used to reference any Parameters defined in the database.

22.2.4 Mapped Record Link Groups

The Standard Name can be used to reference any static Record Link Groups defined in the database
(both forward and/or reverse direction links).
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23 Units and Unit Systems

23.1 Units

Units define the unit of measurement in which numeric data is stored in the database. GRANTA Ml
database units may be defined as:

e Base units, for example metre, kilogram, mole, second, strain, Ampere, Temperature
(Kelvin/Celsius). These are units which are not derived from any other units.

e Units that are a multiple of another unit, for example, inch=0.0254*[m], foot=12*[in],
angstrom=1e-010*[m], minute=60*[s]

e Derived units that are defined in terms of other units via an equation, for example:

- Watt is defined as: [J]/[s]

- pascal is defined as: [N]/([m]*2)

- % strain/°C is defined as: [%strain]/[K]

- BTU/hr.ft.°F is defined as: [BTU]*[ft]/([hr]*[ft]*2*[°R])

Unit conversion equations can include numbers, unit symbols enclosed in square brackets [ ],
parentheses for nesting, and the operators / (divide by), * (multiply by), and * (raise to the
power of).

Attributes, Meta-attributes, parameters, Constants, and expressions can all have units. All numeric
data is stored in the database unit assigned to the Attribute but data can be displayed in units other
than the database unit via a Unit System which converts the underlying data value into the
equivalent value with a different unit.

23.2 Unit Systems

Unit Systems in GRANTA Ml allow numeric values to be converted to units other than the underlying
database unit when the data is displayed, edited, or exported. GRANTA MI databases include a
number of common unit systems like Metric, US Customary, UK Imperial, and S (Consistent).

Some units are common across all Unit Systems, for example, the volt (V); all Attributes measured by
voltage are stored in this unit, and there is no need to convert the data values for display or export in
any Unit System. In general, however, for each unit in the database, it is necessary to specify its
equivalent unit in each Unit System in the database so that values are converted to the appropriate
units in that system.

Examples of Unit System equivalents defined in the MI:Training database:

Measure Database unit Unit Metric SI CGS US Customary
name equivalent equivalent (Consistent) equivalent
equivalent
Length metre m 1m Im 100 cm 3.2808 ft
Weight newton N 1N 1N 100000 dyn 0.2248 Ibf
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Measure Database unit Unit Metric
name equivalent
Temperature Temperature K 1K

(Kelvin/Celsius)
Pressure megapascal MPa 1 MPa

Voltage volt \" 1V

Sl
equivalent

1K

1le6 Pa

1V

CGS
(Consistent)
equivalent

1K

1le7 dyn/cmA2

1V

US Customary
equivalent

1.8°R

0.14504 ksi

1V

In MI:Viewer and MI:Explore, users can choose the Unit System to use for viewing and editing data;
this determines the units used throughout the application to display and enter numerical values; any
data entered is converted to the underlying database unit when it is saved in the database.

[ R
View Tools Unils

Selecting a
Unit Systemin [ ys customary
M1 Viewer

GG (Consistent)
FPS (Consistent)

IPS (Consistent)
Metric

mm-g-ms (Consif._a)
mmMisg (Consistent)
Sl (Consistant)

UK Imperial
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o
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Unit Systemin
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Example from MI:Viewer showing effect of changing the Unit System on viewing and searching

numerical data:

Viewing data with
‘Metric’ Unit System

selected
E Aluminum, 7075, wrought, T6
General properties
Thermal properties
Maelting paint 47510 635 *C
Glass temperature
Maximum service temperature 110te 170 *C
Minimum service temperaiure 273 *C
Thirmal conductivity 13110 137 Wim.*C
Spacific heat capacity 91310 979 JRg."C
W DR INOUTES :
uestrain™ C.
- Mi:Training > MaterialUniverse klikg
= Thermal properties
Mefting point
it al least * | 600 €|
Searching
TTLE ol
Thermal expansion coefficient Wlth Metric
s al most v|[210 |pstrainre Unit System
; selected
e e

Viewing data with
‘US Customary’ Unit
System selected

E Aluminum, 7075, wrought, Té

General properties
Thermal properties
Melting point 887 1o 1180 F

Glass emparature

Maximum service lemperature 23010 338 °F
Minimum service temperature -459
Thermal conductivity 75.7t0719.2 EBTUMLLF
Specific heat capacity 0.218100.234 ETUMDL.*F
S .
134 ustrain"F
+ MI:Training > MaterialUniverse -] BTUD
~ Thermal properties
Meking point
is al least v 109? e Searching
with ‘US
Thermal expansion coefficient g Customa ryl
is at most ¥ 122 |psirain”F Unit System
o selected

S

When generating Excel export templates in Ml:Toolbox, it is possible to specify a Unit System which
will be used to convert underlying numeric values from Database units to the required equivalent

values/units in the export file.

(A Adaquality ranges for supported data

Unit System Metric v| [JUse
g Use attnbute default unts :
vel CGS (Consistent) Choosing a Unit

FPS Consistent) Syst f
IPS (Consistent) e
Metric new Excel
ﬁﬁsm'éme;ﬂ template in
S1 Consistent) MI: Toolbox
UK ﬁal l '

All GRANTA MI databases contain a range of standard Unit Systems. You should normally never need
to create a new Unit System and we strongly recommend that wherever possible, you should use the
standard Granta Unit Systems. If you do need to define a new one, we recommend that you do so by
copying and pasting an existing Unit System that is as similar as possible to the one you want to
create, and then editing it as required; for each unit in the database whose equivalent unit differs
between the original and new Unit Systems, you will then need to update the equivalent unit in the
new system.
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23.3 Currency units

GRANTA Ml databases have a default currency, specified as a database property. All currency-related
data is converted to the database currency before being stored in the database.

The currency unit may be included in unit expressions as [currency], for example:

e currency (e.g. Capital cost, Tooling cost)
e [currency]/[m]"3 (e.g. Cost of consumables)

e [currencyl/[kg] (e.g. Price)

23.4 Temperature units

Temperature data is stored in an absolute unit, Kelvins or degrees Rankine; temperature data can be
displayed or exported using the absolute unit or a display unit.

Data stored in Absolute unit Display unit
Kelvin K degrees Centigrade (°C)
Rankine R degrees Fahrenheit (°F)

Absolute units are always used when a temperature unit is combined in a unit expression.

Use of absolute units for display and export of temperature values is a configuration option in
MI:Viewer and in the Excel export templates generated in MI:Toolbox:
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Application Options

v Configuring use of }
Use absolute temperatures 3039'”‘? tempgraiure q
units in MI:Viewer ¢

e

Configuring use of absolute

¢/

temperature units in an Excel |

exporttemplate in MI:Toolbox  /

f

; o ¢

Unit System | Metric vJ [ Use Absclute Temperatures )
- 4

23.5 Viewing and managing Units

You can view the units that are currently defined in a GRANTA Ml database, and add, remove, and
edit units (for instance, to update equivalent units in Unit Systems) on the Units page in the
MI:Admin Schema tool.

23.6  Unit Properties
Units in GRANTA MI have the following properties.

23.6.1 Name

This may be up to 255 characters long. The Unit name must be unique within the database; it is not
treated as case-sensitive and so the same name with different cases is not permitted within the same
Table (e.g. "kilogram" and "Kilogram").

23.6.2 Symbol

The Unit symbol must be unique within the database. If you change the symbol for an existing unit,
the symbol will be changed in all Attributes and unit conversions where it is currently used.
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23.6.3 Unit Conversion

A Unit may be derived from other Units in the database, either as a simple multiple of another Unit,
or via an expression which may include multiple other Units. Three unit conversion options are
provided in the MI:Admin Schema tool:

e No conversion—the Unit is not derived from any other Units. For example, Ampere, metre,
Radians.

e Direct conversion—the Unit is a multiple of a single existing Unit, for example: mm =
0.001*[m]; Msi = 1*(1000000*[psi]); megaWatt = 1e6*[W]. The factor may be an integer for
multiplication (e.g., 1000) or a decimal number for division (e.g., 0.1).

e Derived from other units—the Unit is a product of one or more other Units via an expression
that may include combinations of multiplications ( * ), divisions ( /), and raise to the power
of (~ ) exponents. For example: MJ/kg=1e6*[J]/[kg]; microstrain/°C = [ustrain]/[K]; newton =

[kgl*[m]/([s]*2).

23.6.4 Unit System Equivalents

This specifies the equivalent Units in each of the Unit Systems in the database. For example, in the
MI:Training database, the metre Unit is defined with the following Unit System Equivalents:

Unit System Conversion  Equivalent Unit
CGS (Consistent) 100 om

FPS (Consistent) 3.2803 ft

IPS (Consistent) 39.37 in

Metric 1 m

mm-g-ms (Consistent) 1000 mim

mmMs (Consistent) 1000 mm

SI (Consistent) i m

IJK. Imperial 3,2808 ft

LIS Customary 3.2808 ft

23.7 Copying and pasting unit definitions from the clipboard

Unit definitions can be copied into and out of MI:Admin via the clipboard, allowing you to document
your database schema, as well as define and modify it outside of MI:Admin, if needed.

To copy Unit definitions to the clipboard, on the Units page (Schema > Edit Units), select the Units in
the list and then click Copy on the right-click (shortcut) menu, or press CTRL+C. The unit data is
copied to the clipboard, and can then be pasted into a spreadsheet or a text file.

To paste new Unit definitions into MI:Admin from an Excel or text file, select the data in the
worksheet or text file and copy it to the clipboard, then paste it into the Units page in Ml:Admin.

Each Unit definition must be on a separate row. Header rows included for clarity in your spreadsheet
e.g. Row 1 in the Excel example below, should not be copied.
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Column 1 Column 2 Column 3
Unit Name Unit symbol Equation, for derived Units

Optionally, additional pairs of columns may be included for Unit equivalents in different Unit
Systems, with one column pair for each equivalent (Unit System name, and Equivalent Unit name)

e Equivalents do not need to be defined for all Unit Systems.
e You can have different number of Unit equivalents on different rows.
e Unit equivalents do not need to be defined for all Units.

This Microsoft Excel worksheet example shows unit definitions for 4 units, with equivalents in 4
different unit systems:

1 2 3 4 B 6 7 8 9 10 1
1 |Name Symbol Equation Unit system 1 Equivalent 1 Unit system 2 Equivalent 2 Unit system 3 Equivalent 3 Unitsystem4  Equivalent 4
2 [10%Vv/cm 1074 Vv/cm 10000*[V]/[cm]  CGS (Consistent) Vfcm FPS (Consistent)  V/ft IPS (Consistent) V/in Metric 1044 V/cm
3 |Vickers hardness number HV 1*[kgf/mm~2] CGS (Consistent)  Vickers hardness n FPS (Consistent)  Vickers hardness n IPS (Consistent) Vickers hardnes Metric Vickers hardn
4 |volt v pI/Ia CGS (Consistent) volt FPS (Consistent)  wolt IPS (Consistent) valt Metric valt
5 |% % CGS (Consistent) % FPS (Consistent) % IPS (Consistent) % Metric %
6
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24 Database properties

The MI:Admin tool may be used to set/modify a number of properties for GRANTA Ml databases: in
the MI:Admin Schema tool, select the database then click on the Edit Database link.

24.1 Database properties

24.1.1 Database name

The name displayed in GRANTA Ml applications. It must be unique, is limited to 255 characters, and
may not start or end with a space character.

24.1.2 Default Table

Specifies the table into which data will be imported when doing a command-line import if no table is
specified in the command-line arguments.

24.1.3 Database currency
Currency values are stored in the GRANTA Ml base currency, US Dollars (USD).

The Database currency property allows users to work in a currency that is different from the base
currency when viewing and modifying monetary data such as material price.

You can choose any system currency as the Database currency. Monetary data added to the
database will be stored in the system base currency, with the exchange rates specified in the
currency definition used to convert values (see System currencies).

The Database currency may be used as a "variable" in database unit definitions, for example,
currency/kg, currency/Ib, currency/hr; see Units and Unit Systems.

In Ml:Viewer, users can choose the currency they want to work in, which may be different from the
database currency (Settings>Options>Application Options>Currency); changing the currency in the
application has no effect on the currency in which the data is stored.

Application Options

Currency S Dollar [USD) v
TEQYPIET FOUT [ETF] |
Decimal separator El Salvador Colon [SVC]
o Ethiopian Birr [ETE]
Significant figures Euro [EUR]
Numeric display Falkland Islands Pound [FKF]
Fiji Dollar [FJDO]

, ety AMbIAN Dalasi [GMD]

A blank GRANTA Ml database is created with a default Database currency setting, but this can be
changed prior to adding data. We strongly recommend that you do not change the Database
currency setting in a database that already contains currency data; if you do, any existing currency
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data values that use a unit that refers to 'currency' (for example, currency/kg) will not be converted
to the new database currency but will simply be assigned the new unit, for example, 7 USD/kg will
simply become 7 GBP/kg.

24.1.4 Author, Company, Notes

Optional. Author and Company are limited to 255 characters; Notes can be up to 1048576 characters.
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25 System currencies

The base currency in GRANTA Ml is the US Dollar (USD). System currencies are defined in the
GRANTA MI configuration database, and may be modified/updated in the Ml:Server Manager tool.
The system currency definitions specify the currency name, code, and an exchange rate which is used
to convert values between different currencies.

(Mil MI:Server Manager (mi_

alhost) ]

Server Database Help

;- Databases Currencies {
- Currencies 4
- Support Details

PP X Name Code Exchange Rate 4

- Security Groups X 3

Licensing Details Panamanian Balboa PAB 1 '
i-- Email Notifications US Dollar e =

.. Access Control Settings Swiss Franc CHF 1.0063 1

Bahamian Dollar BSD 1.007 {

Azerbaijan Mew Manat AZN 1.0495 -

Canadian Dollar CAD

Y Pl L Pl it P

1.35
P g S R

Each database may have a Database currency specified, which may be different from the system
base currency. The exchange rates specified in the system currency definitions are used to convert
monetary data between the base currency and the database currency.

MI:Viewer users can also choose their preferred currency for viewing and editing currency data
within the application; again, the exchange rates specified in the system currency definitions are
used to perform the required currency conversion.

25.1 Properties

System currency definitions have the following properties.

25.1.1 Name

Description of the currency.

25.1.2 Code
A unique, three letter 1ISO 4217 currency code.

25.1.3 Exchange rate

The exchange rate used to convert values to this currency from the system base currency (US Dollar).
A maximum of 15 significant figures is allowed. For example:

Name Code Exchange Rate
US Dollar usD 1
Australian Dollar AUD 1.45
British Pound GBP 0.786639
Canadian Dollar CAD 1.345
Euro EUR 0.893280
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26 Profiles

Profiles provide a way of grouping together individual databases and tables for particular audiences
in Ml:Viewer; custom profiles can also be used to provide a quick way of specifying a set of Records
and Attributes to include in a Data Update.

In Ml:Viewer, the selected Profile determines which databases and Tables are available for browsing
and searching within the application, for example:

Mi Viewer
Contants

Matenailniverse v| £F

Compasite lemplate
hatals femplabe
K Pro
Product risk Mi
Prodiscd mgk - Al higislation
Reference databases N
Anrospace bunde b < BriEnE
Al refarence databases &
Compagite bundia Aprospace bundie v ﬁ
Matals bundie
Pty bundie *
Prodpacion Plastics & UL Yelloww Cards F [ Coatings
Sample customer profiles ¥ =] MMPDS-14 Dalabase
AM Tocused
Composilas focued
Madical fotused
Melals Tocused —w
Polymer incused
Training
Training

Viewer

(Users with system security Grant or Admin privileges can see an additional ‘Everything’ Profile that
shows all available databases and Profiles.)

There are two types of Profile:

e A Standalone database Profile consists of an individual database and its home page. The
Profile will display all the tables in the database, in database order. You cannot edit a
standalone database Profile to modify the tables it displays or the order in which they are
shown.

e A Custom database Profile can show tables from one or more databases, in whatever order
you specify. You can set a preferred Subset and Layout for each table in the Profile.
(MI:Viewer users will still be able to change Subset and Layout when using a custom Profile,
but they will be warned that they are not using the preferred settings.)

When a database is added to the GRANTA Ml system, it automatically has a standalone database
Profile. Users with System security Admin privileges can enable and disable individual standalone
database Profiles, and manage custom Profiles in the Profiles tool.
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26.1 Profile properties

26.1.1 Profile Name

The Profile name should not contain the ampersand ( & ) character, or any other character that
requires special URL encoding for a web browser.

26.1.2 Group Name

If required, you can group Profiles together by specifying a Group Name as a Profile property; all of
Profiles with the same Group name will appear below a Group name heading in the Profile selector in
MI:Viewer, for example:

Mi Viewer

| Contents

| | Aerozpace bundie v| el

Composite template
Metals tamplate
M Pro
Product risk
Product risk - All legislation
Reference databases
Aerospace bundle
All referance databases
Composite bundle
Metals bundie
Palymer bundle
Prospector Plastics & UL Yellow Carnds I
Sample customer profiles Profile Group Mame
AM focused
Compasites focued
| Medical focused
Metals focused
Palymer focusad
| | Training Profile Group Name
: Training -

Profile Group Mame

26.1.3 Description

An optional description of the Profile that appears on the default Profile home page in Ml:Viewer.

26.1.4 Tables

The Profile may include Tables from any of the databases in your GRANTA Ml system, in any order.
For example:
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DATABASE 1
Table A
PROCFILE P1 Table B
Table C
Table D
Table M
Table C
GrougT DATABASE 2
Table K Table ©
Table G Table £
Table A S
Table G
Table B Table H
GroupZ T
Table D
Table E
Tablz | DATABASE 3
Table )
Table K
Table L
Table M

26.1.5 Preferred Subset and Layout

If required, you can associate a specific Subset and Layout with each Table in the Profile. Where a
preferred Subset and Layout have been specified, when Ml:Viewer users select the Table from the
Profiles list, the preferred Subset and Layout will also be selected; users will still be able to switch to
a different Subset and/or Layout, but will see a notification that they are not using the preferred
settings.

For example, the preferred Subset for the MaterialUniverse Table in this Metals and Alloys profile is
the Metals Subset; when the user selects a different Subset in the Contents tree, a small warning
triangle appears next to the Table name:

Contents R

Metals and Alloys MK« E 250 maraging stee

* General properties J
MaterialUniverse 3

o

o

Y ¥ SubsebAl bulk mL\Eri-h Lo ol
) This subset may not be compatible with your current pru:fiI“E.J )
[(7 = Ceramics and glss=es o

. i
% Hybrids: compaosites, foams, honeycombs, nat High alloy stey

I N o T o F e e P i B e o —
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26.2

Profile home pages

A Profile home page is an HTML or ASPX file that may include some or all of the following:

text and images, such as a description of the databases and tables included in the Profile, or
your company logo,

links to applications or tools, or to other web pages

controls to perform text searches

any other valid HTML, or ASPX elements such as form or script tags.

For example this Tensile Testing profile home page includes an image and a search form:

Contents

Search

Tensile Testing

®

» ¥ Tensile Test Data
» ¥ Tensile Statistical Data

Find a specimen

l815723 I Search

Perform this search

You can create HTML or ASPX Home pages for your Custom Profiles outside of GRANTA Ml using the
editor of your choice, and then add them to the Profile in the MI:Admin Profiles tool. For information
about writing Profile home pages, see the PDF document GRANTA MI:Viewer Home Page Author

Guide.

Defining home pages for Custom Profiles is optional:

If you set up a home page, it will be displayed when the user selects that Profile in
MI:Viewer.

If you don't set up a home page for the Profile, and all the Tables in the Profile are from the
same database, the database home page is displayed.

If you don't set up a home page for the Profile, and the Profile contains Tables from more
than one database, a default Profile home page is shown. This will include the Profile
Description set in the Profile wizard when creating the custom Profile .

Note that the entire Profile home page is visible to all users who have permission to view the Profile.
It is not possible to restrict display of parts of the home page dependent on a user’s permissions, for
example, to hide links on the home page to specific records.
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Appendix A. Naming rules for schema objects

The following rules apply to schema object names:

Names must be unique. Database-level objects must have unique names within the
database, for example, Units, Parameters, Standard Names, Record Link Groups. Table-level
objects (for example, Attribute, Subset and Layout names, and the table name itself) must
have unique names within the table, but the same name can be used in different tables
within the same database.

Names are case insensitive. Ml:Admin will treat names as case insensitive but will preserve
case. For example, if you use the Attribute name 'Strain', you will not be able to call another
Attribute in the same table 'strain’. You will still be able to use 'strain' as a name for a
different type of object in the same table, for example a parameter name (although doing so
may cause confusion), or for Attributes in other tables.

The maximum number of characters is 255.

No leading or trailing spaces allowed in an object name, although you can embed spaces
within a name. Leading and trailing spaces are removed in MI:Admin.

Parameter names cannot include left square bracket ( [ ), right square bracket (]) or
colon (:) characters.
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Appendix B. Schema tool

The Schema tool in MI:Admin is used to modify GRANTA MI database schema.

m MI:Admin (ACMECORP\MI_USER@acme1)
< : Choose a
=t database
Lock the
database when
editing schema
Edit database-

level objects

Add, view, and modify,
selected items here

Edit table-
level objects

B.1 Selecting a database

Choose the database to view or modify from the Current Database list.

B.2 Locking the database while editing the schema

Always lock the database before making any schema changes so that non-administrator users are
prevented from viewing or editing data while you are making changes. Note that means that non-
administrator users of all GRANTA Ml applications, including MI:Materials Gateway, will be unable to
see the database until it is unlocked again.

e At TR oA et AR

Current Database: IMateriaIUni'u'erse [MI_MaterialUniverse_5. 26.0m]
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Appendix C. Markdown text formatting

Markdown syntax can be used to format text data in GRANTA M, for example in Long Text Attributes
such as notes and descriptions. Note that inline HTML formatting cannot be used to format text in
GRANTA MI.

C.1 Span elements

Formatting Markdown syntax Example Output
Emphasis  Italic: single asterisk ( * ) or  gome *italic* or italic Some falic or italic text.
single underscore (_)on  text. Some bold or bold text

each side of the text Some **bold** or _ bold _

Bold: two asterisks ( ** )or  text.
two underscores(__ ) on
each side of the text

Links [1link A link to my A link to my websi
text](http://url.com [website](http: j]
e " p://acme.com/ I e
Title") "ACME website")

"Title" is optional and
specifies the text displayed
when the mouse is moved
over the link text.

Images ITalt text](filepath I [ACME Co
"Title") Logo](images/logo.png
[alt text] and "Title" are "ACME logo")
optional.

[alt text] specifies text to be
displayed instead of the
specified image when the
image is not available.
"Title" specifies the text
displayed when the mouse
is moved over the image.

B

Linked ['[alt text](filepath [![Link to ACME

images Title")](http://url.c  Lepsite](images/logo.png "
o "ACHE
To link an image, place website")](http://acme.com

square brackets around the )
image code, and then place
the link URL in round
brackets immediately after
it.
Code Slngle backtick ( N ) quOte Examp]_e: b Domain\Gr\oup‘ Example: Domain'Group
on each side of the text.
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Formatting

Superscript

Markdown syntax Example
Single caret » characteron  ya5a
each side of the text, for brgn /12
example: AxA &theta; 162
27(10-3)~
T max”

The scripted text cannot
include spaces.

LA"&infin;»
example~(&Delta;~i~)~

2L(Cre~in2rt)A1/20
Subscript Single tilde (swung dash) ~ Ha2~0
character on each side of l~y~ = &pi; (d~o~"4n -
the text; for example: ~x~ d~i~n4n) /64
example~(10-2)~
The scripted text cannot example~(an27+1)~
. Cu~2-K~Te&pound;
include spaces. .
&sigma;~max~
example~&perp;~
C.2 Block elements
Formatting Markdown syntax Example
Headers Top-level heading: three or Heading 1
more consecutive equals (===) ===
characters on a line. some text
. Heading 2
Second-level heading: three or .
more consecutive hyphens ( ---  some more text
) on aline.
Lists, Line starting with any number 6. First list item
ordered followed by a period (.), 11. Second list item
followed by a space 1. Third list item
Lists, Line starting with an asterisk Commonly used in:
unordered followed by a space (first list * Lenses
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blank line).

* light covers
* glazing
(particularly in
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Output

2

b%/12

g16

5(10-3)

Tmax

L=
example!&)
2L(C i)
H.0

l, =77 (d.* - ;)64
exXample gz
example s2.q
Cuz  Tek
Un'a::

example;

Output

Heading 1
some text

Heading 2

S0me more [exl

1. First list item

2. Second list item
3. Third list itemn
Commonly used in:

« Lenses
» light covers

« glazing (particularly in aircraft)

« light pipes
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Formatting Markdown syntax Example Output
aircraft)
* light pipes
Horizontal Three or more asterisks ( *** ), ~ some text some text
rule orunderscores(___ )onaline  ***

by themselves some more text

some more text

C.3 Miscellaneous elements

Formatting Markdown syntax Examples Output
Backslash Use a backslash escapes to \* asterisk \* + asterisk *
escapes generate literal characters \\ backslash \\ \ bagkstash \
which would otherwise have t% cur‘iy Eraces g .
special meaning in Markdown’s cur_y braces { curly braces }
\! exclamation mark )
formatting syntax. \! I exclamation mark |
\# hash mark \# # hash mark #
\- minus sign or - minus sign or hyphen -
hyphen \-
\+ plus sign \+ + plus sign +
\( parentheses \) ( parentheses )

\[ square brackets \]
\_ underscore \_

[ sguare brackets |

_unmderscore _

You can refer to the Daring Fireball Markdown (external link) site for additional syntax examples and
a useful cheat sheet, but remember that inline HTML in Markdown-formatted text will not work in
GRANTA M.
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Appendix D. Expressions reference

This section provides reference information for use when creating Expressions for Equations and
Logic Attributes.

D.1  Expression types

Every element or sub-expression within an expression has a specific type, which is one of the
following:

e logical — represents a logical value, true or false.

e Integer — represents an whole number, 0, 1, £2, 3, ...

e Point — represents any floating-point number. e.g. 1.5 or 3.14159.

e Range — represents an interval of floating-point number. e.g. 1.5 - 2.5 or 300 - 500.
e Undefined — represents an unspecified value of an unknown type.

The Integer, Point and Range types are collectively referred to as Numeric types. The
Undefined type is reserved for elements where the type cannot be automatically inferred from
the context.

D.2 Literals and object references

Literals are the simplest elements that an expression can contain. They correspond to simple values
such as numbers (e.g. 1, 2.5) or logical states (e.g. true, false).

Object references also refer to simple values such as numbers or logical states, but the actual value
used in the expression is derived from the context in which the expression is evaluated. For example,
when an expression is evaluated against a specific record, and the expression contains an Attribute
reference, then the value used in the expression is derived from the record's corresponding data
value. So if a record has a Density of 2200 kg/m3, then the expression [A:Density] / 1000 will be
equivalent to 2200 / 1000 when it is evaluated for the record.

D.2.1 Literals

Expressions support the following literals:

Type Examples Notes
Logical true Logical literals are case-insensitive. TRUE or False are
false also valid.
Integer 1 Strictly speaking, the + and - prefixes are not part of
2 an Integer literal. They are unary operators, described
+3 later.
-4
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Ansys GRANTA M1 2021 R1- © Ansys, Inc. All rights reserved. Contains proprietary and confidential information of Ansys, Inc.
and its subsidiaries and dffiliates.



Appendix D — Expressions reference

Type Examples Notes

Point 1.5 There are two additional special cases, pi and e, which
-2.5 correspond to the mathematical Constants m and e.
3eb For example, 2 * piore ~ 2.
4e-3
.5

Range range(1, 2) Ranges aren't truly supported as literals, since
range(4.5, undefined) range(low, high) is actually a built-in function. It is
range(undefined, 5.9) often useful to think of the range function as a literal,

nonetheless.
Undefined undefined The Undefined literal is case-insensitive. UNDEFINED

or Undefined are also valid.

D.2.2 Object references

Parameters, Constants and Attributes can be referenced in an expression, as follows:

Type Format Examples
Parameter [P:<name>] [P:Temperature]
[P:Cycles]
Constant [C:<name>] [C:Electron Charge]
[C:Volume of Ideal Gas at STP]
Attribute [A:<name>] [A:Density]

[A:Shear modulus]
Meta-attribute [A:<parent-name>#<meta-name>] [A:Density#Sample size]
[A:Shear modulus#Std Dev]

For Attributes and Meta-attributes only, the A: prefix may be omitted. e.g. [Density].

Since [, ], # and : are treated as special characters, if they occur within the name of a parameter,
Constant or Attribute, they must be escaped by preceding them with a backslash (\) character. The
backslash character itself must also be escaped in this way. For example:

e Donkey #123 - [A:Donkey \#123]
e Tool life [units] = [A:Tool life \[units\]]

Currently, only Logical, Integer, Point and Range Attributes are supported.
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D.3  Operators

Expressions can contain a host of different operators, which are described in the following sub-
sections.

D.3.1 Numeric operators

Expressions have support for the four basic arithmetic operators, + - * and /, and an additional
power operator, *, used to raise a value to the power of another value. In addition, + and - also act
as unary operators.

These operators are only defined for Numeric types — specifying a Logical operand to any of these
operators results in an invalid expression. Furthermore, the power operator will not accept a Range
type as the power operand. i.e. while range(2, 3) ~ 2isvalid, 2 » range(2, 3) is not.

Plus, Minus and Times operators

The plus operator is a binary infix operator that represents the addition operation applied to two
Numeric sub-expressions. It has the following form:

expressionl + expression2

The minus operator is a binary infix operator that represents the subtraction operation applied to
two Numeric sub-expressions. It has the following form:

expressionl - expression2

The times operator is a binary infix operator that represents the multiplication operation applied to
two Numeric sub-expressions. It has the following form:

expressionl * expression2

The following table describes the type of all three operators, based on the type of the two operands.

expression2 type

expressionl type
“netned | togical | imeger | o | ange
Undefined Invalid Integer Point Range
Invalid Invalid Invalid Invalid Invalid
Integer Invalid Integer Point Range
Point Invalid Point Point Range
Range Invalid Range Range Range

Notes:

e These operators only support Numeric operands. Specifying a Logical operand results in an
invalid expression.

e If one operand is Undefined, the overall type of the operator is derived from the other
operand.

o If both operands are Undefined, the overall type of the operator cannot be automatically
determined, so it defaults to Undefined.
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Divide operator

The divide operator is a binary infix operator that represents the division operation applied to two
Numeric sub-expressions. It has the following form:

expressionl / expression2

The following table describes the type of the operator, based on the type of the two operands.

expression2 type

expressionl type
“ndetned | togical | meger | _pomt | _Range
Undefined Invalid Point Point Range
Invalid Invalid Invalid Invalid Invalid
Point Invalid Point Point Range
Point Invalid Point Point Range
Range Invalid Range Range Range

Notes:

o The divide operator only supports Numeric operands. Specifying a Logical operand will result
in an invalid expression.

o The type will never be Integer, even if both operands are of Integer type. This is because
division of two integers can produce a non-integer result. e.g.5 / 2 = 2.5.

e If one operand is Undefined, the overall type of the operator is derived from the other
operand.

o If both operands are Undefined, the overall type of the operator cannot be automatically
determined, so it defaults to Undefined.

Power operator

The power operator is a binary infix operator that represents the exponentiation operation applied
to two Numeric sub-expressions, whereby the first sub-expression is raised to the power of the
second sub-expression. It has the following form:

expressionl ~ expression2
The following table describes the type of the operator, based on the type of the two operands.

expression2 type

expressionl type
“ndetnea | togieal | ineger | _point | Range
Undefined Invalid Point Point Invalid
Invalid Invalid Invalid Invalid Invalid
Point Invalid Point Point Invalid
Point Invalid Point Point Invalid
Range Invalid Range Range Invalid

Notes:
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e The power operator only supports Numeric operands. Specifying a Logical operand results in
an invalid expression.

e The power operand cannot be a Range — it must be an Integer or a Point. Specifying a Range
results in an invalid expression.

e The type will never be Integer, even if both operands are Integer. This is because raising one
integer to the power of another integer can produce a non-integer result. e.g. 2 ~ -1 =
0.5.

e If one operand is Undefined, the overall type of the operator is derived from the other
operand.

e If both operands are Undefined, the overall type of the operator cannot be automatically
determined, so it defaults to Undefined.

Unary plus and minus operators

As well as being used to denote the addition and subtraction operations, the + and - symbols also act
as unary prefix operators. They take the following form:

+ expression
- expression

The + is rarely used in practice, but the - may be commonly used to negate a numeric value. This is
often seen in negative Integer and Point literals — for example -123 is actually interpreted as the
unary - operator applied to the Integer literal 123. The use of the unary - operator becomes
necessary when a non-literal expression needs to be negated, as in the following examples:

-([P:Temperature]
-([A:Density] / 1000)
-([A:Donkey] + [A:Kong]) / [A:Junior]

As with the other numeric operators, the + and - operators will only accept a Numeric operand.
Specifying a Logical operand results in an invalid expression.

D.3.2 Logical operators

Expressions have support for the three basic logic operators, AND, OR and NOT. All three operators
accept only Logical operands - the use of Numeric operands results in an invalid expression.

AND and OR operators

The AND operator is a binary infix operator that represents the logical AND operation applied to two
Logical sub-expressions. It has the following form:

expressionl AND expression2

The OR operator is a binary infix operator that represents the logical OR operation applied to two
Logical sub-expressions. It has the following form:

expressionl OR expression2
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The following table describes the type of either operator, based on the type of the two operands.

expression2 type

expressionl type
“nctned | togical | imeger | ot | ange
Logical Logical Invalid Invalid Invalid
Logical Logical Invalid Invalid Invalid
Invalid Invalid Invalid Invalid Invalid
Invalid Invalid Invalid Invalid Invalid
Invalid Invalid Invalid Invalid Invalid

NOT operator

The NOT operator is a unary prefix operator that represents the logical NOT or inverse operation
applied to a single Logical sub-expression. It has the following form:

NOT expression

The type of the operator is always Logical, even if the operand is Undefined. Specifying a Numeric
operand will result in an invalid expression.

D.3.3 Relational and equality operators

To bridge the gap between Numeric and Logical types, expressions have support for the following
relational and equality operators: <, <=, >, >=, = and !=. All of these are binary infix operators that
accept Numeric operands, and they all evaluate to a Logical type. In addition, the equality operators,
=and !=, will also accept Logical operands.

Relational operators

The relational operators are binary infix operators that perform a comparison between two Numeric
operands. They have the following forms:

expressionl < expression2
expressionl <= expression2
expressionl > expression2
expressionl >= expression2

Only Integer and Point operands are supported. Comparisons between Range values are not well
defined and should be avoided — specifying a Range operand results in an invalid expression. If you
must compare ranges, the current recommendation is to use the min(range), max(range) and
mean(range) built-in functions to derive Point values, for which the behavior of comparison
operations is well defined.

Equality operators

The equality operators are binary infix operators that compare two operands, either for equality or
inequality. The have the following forms:

expressionl = expression2
expressionl != expression2
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These operators support both Numeric and Logical operands, but mixing operand types is not
permitted:

e Numeric = Numeric and Numeric != Numeric are valid.
e Logical = Logical and Logical != Logical are valid.
e Numeric = Logical and Numeric != Logical are notvalid.
e Numeric = Logical and Numeric != Logical are not valid.

Conditional operatorsf|

Expressions support two forms of conditional operations, IF/ELSE and the ternary operator, ?:, that is
commonly used in many other scripting languages.

?? operator

The ?? operator evaluates to one of two sub-expression, based on the evaluation result of the first
sub-expression. It takes the following form:

first-expression ?? second-expression

Essentially, the first-expression is evaluated. If it evaluates to anything other than an undefined
value, that is the result of the ?? operation, and the second-expression is not evaluated. However,
if the first-expression is undefined, the second-expression is evaluated and used as the result
of the ?? operation. Consider the following example:

[A:Density] ?? [A:Mass] / [A:Volume]

This expression will evaluate to the value of Density, if one is available. Otherwise, it will evaluate to
Mass / Volume as an alternative means of obtaining a density value.

The following table describes the inferred type of the ?? operator, based on the types of the first-
expression and second-expression operands.

expression2 type

expressionl type
“Undetned | togieal | ineger | _point | Range
Undefined Logical Integer Point Range
Logical Logical Invalid Invalid Invalid
Integer Invalid Integer Point Range
Point Invalid Point Point Range
Range Invalid Range Range Range

IF/ELSE operator

The IF/ELSE operator evaluates to one of two sub-expression, based on the evaluation result of a
condition expression. It takes the following form:

IF (condition) true-expression ELSE false-expression
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Essentially, the Logical condition expression is evaluated. If it evaluates to true, the true-
expression is evaluated. If it evaluates to false, the false-expression is evaluated. Consider the
following example:

5 + IF ([P:Temperature] > 100) 3 ELSE 4

This expression will evaluate to 5 + 3 when the temperature is greater than 100, or 5 + 4 when it is
less than or equal to 100.

The condition operand must be of Logical type. Specifying a Numeric type will result in an invalid
expression. The true-expression and false-expression operands must either both be Logical or
both be Numeric. Specifying a mixture of Logical and Numeric operands will result in an invalid
expression.

The following table describes the inferred type of the IF/ELSE operator, based on the types of the
true-expression and false-expression operands.

expression2 type

expressionl type
“ndetned | togical | meger | pomt | Range
Undefined Invalid Integer Point Range
Invalid Invalid Invalid Invalid Invalid
Integer Invalid Integer Point Range
Point Invalid Point Point Range
Range Invalid Range Range Range

Notes:

e |[f either one of true-expression or false-expression is Undefined, the overall type of the
operator is derived from the other.
o If both true-expression and false-expression are Undefined, the overall type of the
operator cannot be automatically determined, so it defaults to Undefined.
Ternary operator
The ternary operator is an alternate version of the IF/ELSE operator. It has the following form:
condition ? true-expression : false-expression
It is functionally identical to the IF/ELSE operator:

IF (condition) true-expression ELSE false-expression

However, unlike the ELSE false-expression clause of the IF/ELSE operator, all parts of the ternary
operator are required.
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D.4 WHERE clauses

The WHERE clause allows an expression to be broken up into parts by permitting a main expression
to contain variables which themselves defined as sub-expressions. This is perhaps best illustrated by
an example.

a+b+c
WHERE

a =5,
b = 10,
c=a+b

This consists of a main expression, a + b + ¢, followed by a list of sub-expressions which define the
variables, a, b and c used in the main expression. When evaluated, the expression yields the value 30.

The general form of a where clause is as follows:

<main-expression>

WHERE
<identifierl> = <sub-expressionl> [, <identifier2> = <sub-expression2>, ...,
<identifierN> = <sub-expressionN>]

Variable identifiers consist of an initial letter (A-Z, a-z) followed by zero or more letters (A-Z, a-z),
numbers (0-9) or underscores (_). The following key words and reserved words are not permitted to
be used as variable identifiers:

AND FALSE LOOP SWITCH

AS FOR MATCH TRUE
BREAK FN NOT UNDEFINED
CASE FUNC NOTSET UNTIL
DEFAULT FUNCTION NOT_SET VAL

DO IF OR VAR

ELSE IMPORT Pl WHERE

E LET RETURN WHILE

D.4.1 Sub-expressions cannot be a where clause

The sub-expression of an identifier definition cannot itself consist of a WHERE clause, though it may
contain WHERE clauses. For example, the following is not permitted, as the sub-expression that
defines a is a WHERE clause.

a+b
WHERE
a=c+d
WHERE
c=1,
=2,
3

I a
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This can be easily worked around by enclosing the WHERE clause in parentheses, thus:

a+b
WHERE
a=(c+d
WHERE
c=1,
d =2),
=3

D.4.2 Cyclic references

The variable definitions are separated by commas (,) and may occur in any order as long as cyclic
references are avoided. For example, the following is not permitted since the definitions of a and b
are co-dependent.

a+b
WHERE
a=2+b,
b=2%a

D.4.3 Variable scope

A variable declared in a WHERE clause can only be referenced from within the main expression and
sub-expressions of the WHERE clause. For example, the following expression is invalid because the
ELSE clause references a, but a is limited in scope and can only be referenced from within the WHERE
clause.

if ([someAttribute] > 1000)

a+b
WHERE
a =190,
b = 20
else
a + 50

In the following expression, the variables a and b are defined twice. This is permitted because the
scopes of each pair of variables are completely separate.

if ([someAttribute] > 1000)

a+b
WHERE
a =190,
b = 20
else
a+b
WHERE
a = 30,
b = 40
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D.5 Local variables

For complex expressions, you may want to break the expression into parts, and then refer to the
parts in the main expression. This can be done using local variables.

<expression>
WHERE <identifier> = <expression> [,<identifier> = <expression>]*

You can write an expression that contains identifiers, and then provided a comma-separated list of
identifier declarations after the WHERE keyword.

a + b WHERE a = 10, b = 20
evaluates to 30
a + b WHERE a = b, b = 20
evaluates to 40
Note that the sub-expressions are also allowed to reference identifiers, too:
a + b WHERE a = 10, b = (c WHERE c = 20)
evaluates to 30
You can nest WHERE expressions, using parentheses.
a + b WHERE a = (c WHERE c = 10), b = (c WHERE c = 20)
evaluates to 30

Note that Cis "scoped". It can be redefined in separate sub-expressions.

D.5.1 Identifier names
Identifier names are subject to the following limitations:
e The initial character in an identifier name must belong to one of the following:

- The 26 standard Latin capital letters, from A to Z [ABCDEFGHIJKLMNOPQRSTUVWXYZ]

- The 26 standard Latin small letters, from a to z [abcdefghijklmnopgrstuvwxyz]

- Other Latin letters with common accents (from Unicode character 00CO to Unicode
character 017E)

- Capital Greek letters (from Unicode character 0391 to Unicode character 03A9, excluding
Unicode character 03A2)

- Lower-case Greek letters (from Unicode character 03B1 to Unicode character 03C9)

e Any subsequent character in an identifier name must either be a valid initial character, or
must belong to one of the following:

- The 10 standard digit characters, from 0 to 9 [0123456789]
- The underscore character, _
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D.6 Example expression for the material index 'cost per unit volume'
1000*[A:Density]*[A:Price]
where

e Units for expression: currency/m”3
e Componentitems:

- Attribute: Database Units
- Density: Mg/m*3
- Price: currency/kg

e Unit conversion: 1000 kg =1 Mg
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Appendix E. Functions reference

This section provides reference information on Functions that many be used in Expressions for
Equations and Logic Attributes.

E.1 Comparison functions

Function Usage

limit integer limit(integer
value, integer low,
integer high)

point
point
point
range

max point

limit(point value,
low, point high)
limit(point value,
bounds)

max(range X)
max(range X, range

max(point x, point

integer max(integer x,
integer vy)

min point
point
y)
point
y)

min(range x)
min(range x, range

min(point x, point

integer min(integer x,
integer y)
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Evaluation

Evaluates to x only if x lies within the range
specified by bounds. Otherwise evaluates to
undefined.

If lowValue(bounds) is not undefined, and x <
lowValue(bounds), this function evaluates to
undefined.

If highValue(bounds) is not undefined, and x >
highValue(bounds), this function evaluates to
undefined.

Otherwise evaluates to x.

If there are two arguments, this evaluates to
the greater of the two arguments. If either
argument is undefined, this function evaluates
to undefined.

If the argument is a range, this evaluates to
the high value of the range, or the low value if
the high value is undefined.

Note that this is not equivalent to
max(lowValue(x), highValue(x))

If there are two arguments, this evaluates to
the lesser of the two arguments. If either
argument is undefined, this function evaluates
to undefined.

If the argument is a range, this evaluates to
the low value of the range, or the high value if
the low value is undefined.

Note that this is not equivalent to
min(lowValue(x), highValue(x))
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E.2 Exponential and logarithmic functions

Function

exp

logl10

sqrt

pow

pow10

Usage

range exp(range

point

range
point
range

exp(point

log(range
log(point
log(range

logBase)

point

log(point

logBase)

range
point

range
point

range
range
range

point
point
y)

range
point

X)
X)

X)
X)

X,

X,

point

point

loglo(range x)
loglo(point x)

sqrt(range x)
sqrt(point x)

pow(range
pow(range
pow(range

pow(point
pow(point

X,
X,
X,

X,
X,

range y)
point y)
integer

point y)
integer

powl@(range x)
powl@(point x)
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Evaluation
Evaluates ex, the Constant e raised to the
power of x.

If x is undefined, this function evaluates to
undefined.

This function is equivalenttoe ~ X

Evaluates logb(x), the base b logarithm of x.

If x <=0, b<=0, xis undefined or b is
undefined, this function evaluates to
undefined.

log(x) is equivalent to log(x, e)

Evaluates log10(x), the base-10 logarithm of
X

If x <=0, or x is undefined, this function
evaluates to undefined

This function is equivalent to log(x, 10)

Evaluates V¥, the square-root of x.

When x is of type Point, if x<=0or x is
undefined, this function evaluates to
undefined. When x is of type Range, if min(x)
<=0 or x is undefined, this function evaluates
to undefined.

This function is equivalentto x ~ (1/2)

Evaluates xy, x raised to the power of y.

If either x or y is undefined, this function
evaluates to undefined

This function is equivalentto x * vy

Evaluates 10x, ten raised to the power of x.

If x is undefined, this function evaluates to
undefined.

This function is equivalentto 10 ~ x
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E.3  Hyperbolic functions

Function

arccosh

arccoth

arccsch

arcsech

arcsinh

arctanh

Usage

point

point
arg)

point
arg)

point
arg)

point

point

arccosh(point

arccoth(point

arccsch(point

arcsech(point

arcsinh(point

arctanh(point

Evaluation

Evaluates cosh-1(x), the inverse hyperbolic cosine
of x, returning a value between 0 and +infinity.
If x < 1, or x is undefined, this function evaluates
to undefined.

This function is equivalent to log(x + sqrt(x
- 1) * sgrt(x + 1))

Evaluates coth-1(x), the inverse hyperbolic
cotangent x.

If -1 <x<1,orxisundefined, this function
evaluates to undefined.

This function is equivalent to log((x + 1) /
(x - 1)) / 2

Evaluates csch-1(x), the inverse hyperbolic
cosecant of x.

If x is undefined, this function evaluates to
undefined.

Evaluates sech-1(x), the inverse hyperbolic secant
of x, returning a value between 0 and +infinity.

If x lies outside of the interval 0to 1, or x is
undefined, this function evaluates to undefined
This function is equivalent to log(sqrt(1 / x
- 1) *sqrt(1 / x + 1) +1 / x)
Evaluates sinh-1(x), the inverse hyperbolic sine of
X, returning a value between 0 and +infinity.

If x is undefined, this function evaluates to
undefined.

This function is equivalent to log(x +
sgrt(x”2 + 1))

Evaluates tanh-1(x), the inverse hyperbolic
tangent of x, returning a value between 0 and
+infinity.

If x lies outside the interval -1 to 1, or x is
undefined, this function evaluates to undefined

This function is equivalent to log((1 + x) /
(1-x)) /2
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Function

cosh

coth

csch

sech

sinh

tanh

Usage

point

point

point

point

point

point

cosh(point

coth(point

csch(point

sech(point

sinh(point

tanh(point

Evaluation

Evaluates cosh(x), the hyperbolic cosine of x.

If x is undefined, this function evaluates to
undefined.

This function is equivalent to (e”x + e”~-x) /
2
Evaluates coth(x), the hyperbolic cotangent of x.

If x is undefined, this function evaluates to
undefined.

This function is equivalent to (e”*x + e”-x) /
(erx - e™-x)
Evaluates csch(x), the hyperbolic cosecant of x.

If x is undefined, this function evaluates to
undefined.

This function is equivalentto 2 / (e”x - e”-
X)
Evaluates sech(x), the hyperbolic secant of x.

If x is undefined, this function evaluates to
undefined.

This function is equivalentto 2 / (e”x + e”-
X)
Evaluates sinh(x), the hyperbolic sine of x.

If x is undefined, this function evaluates to
undefined.

This function is equivalent to (e”*x - e”-x) /
2

Evaluates tanh(x), the hyperbolic tangent of x.
If x is undefined, this function evaluates to
undefined.

This function is equivalent to (e”*x - e”-x) /
(erx + e”-x)
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E.4 Range functions

Function Usage

range range range(point
lowValue, point highValue)

lowValue point lowValue(range
range)

highValue point highValue(range
range)

E.5 Statistical functions

Function Usage

erf point erf(point x)

erfc point erfc(point x)

point
geometric_mean(range Xx)
point
geometric_mean(point x)
point
geometric_mean(point x,
point y)

geometric_mean

inverf point inverf(point x)

Evaluation

Evaluates to a range value with a low value
of x and a high value of y.

If x >y, this function evaluates to undefined.

Evaluates the low value of a range.

If x is undefined, this function evaluates to
undefined.

Evaluates the high value of a range.

If x is undefined, this function evaluates to
undefined.

Evaluation

Evaluates erf(x), the error function of x.

If x is undefined, this function evaluates to
undefined.

See the error function Wikipedia article (external
link) for further details.

Evaluates erfc(x), the complementary error function
of x. See the error function Wikipedia article
(external link) for further details.

If x is undefined, this function evaluates to
undefined.

This function is equivalentto 1 - erf(x)

Evaluates the geometric mean of x and y. If either x
or y is undefined, this function evaluates to
undefined. Otherwise this function is evaluated as
follows:

x<0 x=0 x>0
y<0 | -sqrt(x *y) undefined undefined
y =0 | undefined undefined undefined
y >0 | undefined undefined sqgrt(x *vy)

Evaluates erf-1(x), the inverse error function of

x. See the error function Wikipedia article (external
link) for further details.

If x lies outside the interval -1 to 1, or x is
undefined, this function evaluates to undefined.
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Function Usage

inverfc point inverfc(point
X)

mean point mean(range x)
point mean(point x)
point mean(point X,
point y)

phi point phi(point x)

probit point probit(point x)

Evaluation

Evaluates erfc-1(x), the inverse complementary
error function of x. See the error function Wikipedia
article (external link) for further details.

If x lies outside the interval -1 to 1, or x is
undefined, this function evaluates to undefined.
point mean(range x) evaluates the arithmetic mean
of a range. This function is evaluated according to
the following rules:

HIGHVALUE(X) HIGHVALUE(X)
DEFINED UNDEFINED

LOWVALUE(X) | (highValue(x) lowValue(x)
DEFINED +

highValue(x)) /

2

LOWVALUE(X) | highValue(x) undefined
UNDEFINED

Note that this is not equivalent to
mean(lowValue(x), highValue(x)).

point mean(point x, point y) evaluates the
arithmetic mean of x and y. If either x or y is
undefined, this function evaluates to undefined.

This function is equivalentto (x + y) / 2

Evaluates @(x), the normal cumulative distribution
function of x. See the normal cumulative
distribution function Wikipedia article (external
link) for further details.

If x is undefined, this function evaluates to
undefined.

This function is equivalent to (erf(x /
sqrt(2)) + 1) / 2

Evaluates probit(x), the inverse normal cumulative
distribution function of x. See the probit function
Wikipedia article (external link) for further details.

If x is undefined, this function evaluates to
undefined.

This function is equivalent to sqrt(2) *
inverf(2*x - 1)
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E.6  Trigonometric functions

Function

sin

Cos

tan

CsC

sec

cot

arcsin

arccos

arctan

arccsc

Usage

point

point

point

point

point

point

point

point

point
point
y)

point

sin(point x)

cos(point x)

tan(point x)

csc(point x)

sec(point x)

cot(point x)

arcsin(point

arccos(point

arctan(point
arctan(point

arccsc(point

X)

X, point
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Evaluation

Evaluates sin(x), the sine of x.

If x is undefined, this function evaluates to
undefined.

Evaluates cos(x), the cosine of x.

If x is undefined, this function evaluates to
undefined.
Evaluates tan(x), the tangent of x.

If x is undefined, this function evaluates to
undefined.
Evaluates csc(x), the cosecant of x.

If x is undefined, this function evaluates to
undefined.
Evaluates sec(x), the secant of x.

If x is undefined, this function evaluates to
undefined.

Evaluates cot(x), the cotangent of x.

If x is undefined, this function evaluates to
undefined.

Evaluates sin-1(x), the inverse sine of x,
returning a value between 0 and m.

If x lies outside of the interval -1 to 1, or x is
undefined, this function evaluates to
undefined.

Evaluates cos-1(x), the inverse cosine of x,
returning a value between 0 and .

If x lies outside of the interval -1to 1, orif x
is undefined, this function evaluates to
undefined.

Evaluates tan-1(x), the inverse tangent of x,
returning a value between -1/2 and /2.

If x is undefined, this function evaluates to
undefined.

Evaluates csc-1(x), the inverse cosecant of x,
returning a value between -1t/2 and /2.

If -1 <x<1,orif xis undefined, this function
evaluates to undefined.
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Function

arcsec

arccot

E.7

Function

abs

hasValue

sgn

sinc

Usage

point arcsec(point x)

point arccot(point x)

point arccot(point x, point

y)

Miscellaneous functions

Usage

point abs(point x)
integer abs(integer x)

bool hasValue(bool x)
bool hasValue(integer x)
bool hasValue(point x)
bool hasValue(range x)

integer sgn(point x)
integer sgn(integer x)

point sinc(point x)
integer sinc(integer x)
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Evaluation

Evaluates sec-1(x), the inverse secant of x,
returning a value between 0 and .

If -1 <x<1,orif xis undefined, this function
evaluates to undefined.

Evaluates cot-1(x), the inverse cotangent of
x, returning a value between 0 and m.

If x is undefined, this function evaluates to
undefined.

Evaluation

Evaluates the absolute value of x.

If x is undefined, this function evaluates to
undefined.

This function is equivalentto IF (x > @)
X ELSE -x

Determines whether or not the argument
represents an actual value, rather than
being undefined.

Returns false if x is undefined. Otherwise
returns true

Evaluates sgn(x), the sign or signum
function of x.

if x <0, sgn(x) evaluates to -1

if x =0, sgn(x) evaluates to 0

if x> 0, sgn(x) evaluates to 1

if x is undefined, this function evaluates to
undefined.

Evaluates sinc(x), the normalised sinc
function of x.

If x is undefined, this function evaluates to
undefined.

Note that, if x is of Integer type, then
sinc(x) is also of Integer type, whereby
sinc(x) is equivalentto IF (x = 9) 1
ELSE ©

This function is equivalentto sin(pi *
x) / (pi * x)

Ansys GRANTA M1 2021 R1- © Ansys, Inc. All rights reserved. Contains proprietary and confidential information of Ansys, Inc.
and its subsidiaries and dffiliates.



Appendix E — Functions reference

Function Usage Evaluation
unsf integer unsf(point x) Evaluates H1(x), the unit or Heaviside step
integer unsf(integer x) function of x. Note that unsf(0) = 1.
If x is undefined, this function evaluates to
undefined.
This function is equivalentto IF (x >=
@) 1 ELSE @
unsfz integer unsfz(point x) Evaluates Ho(x), the unit or Heaviside step
integer unsfz(integer x) function of x. Note that unsfz(0) =0
If x is undefined, this function evaluates to
undefined.
This function is equivalentto IF (x > @)
1 ELSE ©
valueOrDefault bool valueOrDefault(bool Evaluates to x, or y if x is undefined.
x, bool y) This function is equivalent to IF
integer (hasValue(x)) x ELSE y
valueOrDefault(integer x,
integer vy)
point valueOrDefault(point
X, point y)

range valueOrDefault(range
X, range y)
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