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Manufacturing Engineering Laboratory (MEL) at NIST

MEL at a Glance

Mission: MEL promotes innovation and the
competitiveness of U.S. manufacturing through
measurement science , measurement services |,
and critical technical contributions to standards

Divisions Measurement Service Areas
* Precision Engineering (PED) Length xDiameter and Roundness
* Manufacturing Metrology (MMD) Complex Dimensional Standards
* Intelligent Systems (ISD) Optical Reference Plane Standards
* Manufacturing Systems Integration (MSID) Angular Measurements xSurface
* Fabrication Technology (FTD) Texture xLaser Frequency/ Wavelength
and Ranging xMass Standards xForce
Funding Vibration xAcoustics
$48.7 M annual budget
$35.5 M NIST appropriations Staffing
$7.1 M Other Agency/External R&D 171 NIST Staff

$4.8 M Calibration Service Fees/ 99 Guest Researchers \
Reimbursable 2 NRC Postdoctoral Researchers -




Why Are We Concerned About Models?

e Strong industrial need for information models
— Engineering objects and processes, and
— Business objects and processes

* Need affirmed and emphasized in a NIST-hosted
workshop during Dec. 2009 on
— Model-based Enterprise and
— Technical Data Package

* Industrial consortia have recognized the need
— PDES Inc has an active program on Model-based Enterprise




We have traditionally run our manufacturing industry using information
about engineering objects in the form of drawings and documents
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* Engineering drawing with
GD&T, surface texture,
and annotations

* NIST is actively
involved in developing
standards for
I PMI and their related
i Measurement and
inspection

ASME Y14.5
ASME Y14.5.1
ASME B 89
ASME B 46
ISO 1101

ISO TC 213




Now we want to run our manufacturing industry using
information about engineering objects as mo




But there is more than just product data;
we also have to deal with product metadata

Class

Identifying data

Product metadata classified per ISO 7200

A typical title
block in a drawing

Descriptive data

Administrative data

Field name Obligation
Legal owner Mandatory
Identification number Mandatory
Revision index Optional
Date of issue Mandatory
Segment/sheet number Mandatory
Number of segments/sheets Optional
Language code Optional
Title Mandatory
Supplementary title Optional
Responsible department Optional
Technical reference Optional
Approval person Mandatory
Creator Mandatory
Document type Mandatory
Classification/key words Optional
Document status Optional
Page number Optional
Number of pages Optional
Paper size Optional




Recently product metadata have
metamorphed into business objects

Standardized product data and metadata models in ISO STEP AP 214

Conformance Class Description Remarks
Component design with 3D shape Covers 3D geometry of single parts,
cc1 representation. mc!udlng wire-frame, surface, and
[P);;gua solid models.
(Er\glneerlng Assembly design with 3D shape Covers 3D geometry of assemblies of
objects) cC 2 representation. parts, including the assembly and

model structure.

Product data management (PDM) Covers product data management

Product without shape representation. syst_ems that manage geometric models
as files. It also covers administrative

Metadata CCé6 data of parts, assemblies, documents,
(Business and models.
objects) _ _ _ . —

Configuration controlled design Covers CC 6, with additional

ccs without shape representation. requirements for product

configuration control.




And Product Data Management (PDM)
systems span the whole enterprise ...

Modern PDM systems, at the minimum, should be able to do:

» Vaulting — secure storage and retrieval of product data and metadata

Cataloging and Searching — indexing and finding relevant product information

Design collaboration — multiple party edits and synchronization, version control

Configuration control — maintaining and tracking different configurations and variants

of the product

Change management - requesting, authorizing, and tracking engineering change in

products

Workflow management - routing, branching, iterating, exception handling, and

executing engineering and business processes

Project management - task allocation and progress monitoring




There are regulatory and business needs
to archive product data and metadata.

« Aerospace industry has the most
severe requirement — FAA requires
airworthiness certification to
be retained, in some cases,
for > 50 years

* The preferred way to archive product
data and metadata is through open
standards such as ISO STEP

* NIST is actively engaged in the LOTAR (LOng
Term ARchival) project to address this issue




We now see business objects everywhere ...

OAGIS BOD

BOD Nouns
ltemMaster

Description

Represents any unique purchased part
or manufactured product. Item, as used
here, refers to the basic information
about an item, including its attributes,
cost, and locations. It does not include
item quantities.

Verbs acting on the nouns

GetltemMaster
NotifyltemMaster
ShowltemMaster
SyncltemMaster

BOM (Bill -of-Material)

When included in a hierarchy, the
components are position dependent for
their meaning and applicability to the
Bill of Material.

GetBOM
NotifyBOM
ShowBOM
SyncBOM

EngineeringChangeOrder

An EngineeringChangeOrder can be
used to request a change to a
manufactured item. This document
allows the change to progress through
the different states from being a request
and going through the review process to
becoming an approved
EngineeringChangeOrder.

AcknowledgeEngineeringChangeOrder
CancelEngineeringChangeOrder
ChangeEngineeringChangeOrder
GetEngineeringChangeOrder
NotifyEngineeringChangeOrder
ProcessEngineeringChangeOrder
RespondEngineeringChangeOrder
ShowEngineeringChangeOrder
SyncEngineeringChangeOrder
UpdateEngineeringChangeOrder

OAGIS: Open Applications Group Inc Specification

NIST is actively engaged in developing and testing OAGIS




Traditional engineering processes are now

viewed as business processes ...
Engineering change management is now viewed as a business process.

Stakeholders O

Manufacturing

Execution O

System (MES)

SynchEngineeringChangeOrder
ConfirmBOD

Stakeholders GetEngineeringChangeOrder
ShowEngineeringChangeOrder
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It can be modeled using BPMN (Business
Process Model and Notation).

NIST is actively involved in developing BPMN
with the Object Management Group (OMG).

And can be executed using BPEL
(Business Process Execution Language).




Model -based Systems Engineering (MBSE)

MBSE is the formalized application of modeling to support systems
requirements, design, analysis, verification, and validation activities
beginning in the conceptual design phase and continuing throughout
development and later life cycle phases. [INCOSE, Systems Engineering
Vision 2020, Version 2.03, Sept 2007]




INCOSE MBSE Roadmap

MBSE Capability
X

System of systems Design optimization across broad trade space

Reduced cycle times _ _
interoperability Cross domain effects based analysis

Institutionalized
MBSE across
Academia/Industry

Well
Defined
MBSE

Ad Hoc MBSE
Document Centric

Maturity

June 15, 2008

Refer to activities in
the following areas:

*Planning & Support

*Research

*Standards Development
*Processes, Practices, & Methods
*Tools & Technology Enhancements
*Qutreach, Tralining & Education

v

2010 2020




SysML: Systems Modeling Language

SysML is a general purpose graphical modeling language that supports the
analysis, specification, design, verification, and validation of complex
systems. [Friedenthal, Moore, and Steiner, A Practical Guide to SysML]




Product Model

Real World Objects

PLMServices

Informational model \ Mman

Product model: mouse model

Length

ufacturer

LotID Weigh

Location
Approval time

OAGIS
[temMaster noun

INSTANTIATION

Real world product: my_mouse

Metadata of the mouse model

Creator: Tom
Approval time: 01-01-09
Location: C:\myDocuments\files
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I/ Data of the mouse model ™~
Length: 10.00 cm
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Metadata of my mouse

Manufacturer: Henry & co.
Lot ID: 5647
Location: Target store n°576
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Data of my mouse

Length: 10.01 cm
eight: 100.3 g
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A Scenario for Harmonization

e

The information in the BOM
noun is partially derived from
the design information obtained
from the PDM system

)
{ noun contains infor i

eal worl@isroducts as representec
RP system
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Gartner’s Magic Quadrant for
Enterprise Asset Management (2008)




Things We Can Do Together

« BODs of interest to Manufacturing
Industry

e Testing OAGIS (Talk by K.C. Morris
later today )

e Harmonization with Other Standards

e Sustainability Issues in Manufacturing
Industry




Regulations have global effect ...

f ROHS was adopted by EU in 2003
& went into effect on July, 2006

f IPC-1752 was issued in
February, 2007

f NIST played a
key role in IPC-1752







Harvard Business Review, Septem







Thank you!

For further information, please contact
Vijay Srinivasan: vijay.srinivasan@nist.gov




