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Intro: How is the PHM Society trying to integrate access and contributions?

1. What new existing and new standards are coming from the main standards
developing organizations?

2. How to contribute and identify gaps?
3. How could the PHM Society help?

Desired Outcomes
> Summary of access methods: PHM Society website & standards page; dedicated sites
> Priorities on gaps in knowledge & processes

PHM Society Standards Committee
Brian Weiss, Jeff Bird, John Madsen, Ravi Rajamani
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Audience Demographics Slido Poll

AUDIENCE MAKE-UP

Military person
Student

Government
person

Small business
person

Industry person

AUDIENCE WORK SECTOR

Nuclear or
power

Aerospace

Health Care

Oil and Gas

Maritime
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PHM Society Role?

Society Objectives

1. Free access to PHM knowledge,

2. Interdisciplinary and international collaboration

3. Advance the engineering discipline
Observations

1. Diverse body of PHM knowledge out there: Standards, lessons learned,
information, few case studies
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PHM Society Role?

Society Objectives

1. Free access to PHM knowledge,

2. Interdisciplinary and international collaboration
3. Advance the engineering discipline

Observations

1. Diverse body of PHM knowledge out there: Standards, lessons learned,
information, few case studies

2. Multi-disciplinary awareness and engagement is lacking: Many entrants
come from single specialities

3. Wide continuing standards participation is difficult: Small companies,
long time frame for development

4. To mature knowledge from theory to practice is challenging: Knowing
about relevant standards across disciplines, Developing Body Of
Knowledge to complement academic training

5. Data and information sharing protocols are essential but problematic:
Proprietary and sector specific information
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PHM Society Activities

Traditional
1. Panels
Special issues of journal and tutorials- subjects?

2
3. Program updates and on-line forum
4. Connections among current PHMers

New initiatives
. Standards Users Group

. Standards Review Portal: PHM- ISO Connect
. Domain specific like Machine Learning ??

1
2
3. Interactions with SAE, ASME, IEEE, ISA, NIST
4
5

. PHM Standards Portal: One stop for docs, resources, forum

Join SLIDO Q&A chat & Poll
window on the right of the

Code # PanelSessionl
PRIORITIES Ranking
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PHM Standards Panelists

Aerospace: Rhonda Walthall, Collins Aerospace

Automotive: Tim Felke, Garrett Motion

Manufacturing: Brian Weiss, National Institute of Standards and Technology

Questions to be addressed:

1. What new existing and new standards are coming from the main standards developing
organizations?

2. How to contribute and identify gaps?
3. How could the PHM Society help?
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Audience Priorities Slido Poll

Priorities before the discussion

m Accessible best practices from research to commercialization
» Need to support innovation and sustainability
= Need to rationalize business cases

= Need to support trustworthiness in products and processes
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SAE AEROSPACE STANDARDS

The Wright Brothers

“The work covered by the SAE is of such

value that everybody identified with the

industry should take out membership.”
Orville Wright, 1918




SAE MEMBERS: AVIATION PIONEERS

Glenn Martin Elmer Sperry

Jimmy Doolittle Charles Lindbergh  Amelia Earhart Kelly Johnson lgor Sikorsky




INTERNATIONAL

SAE Aerospace Council Organization Chart

sae.org/standards

AEROSPACE COUNCIL
David Alexander: +44 (0) 208.291.3231
*1.724.772.7161

{

,ELECTRK AIRCRAFT STEERING GROUP

Mark DeAngelo: +1.724.900.9665
Pascal Thalin: +33 (0) 6.83.99.23.36

DIGITAL & DATA STEERING GROUP
Logen Johnson: +1.724.272.0495

INTEGRATED VEHICLE HEALTH
MANAGEMENT (IVHM) STEERING GROUP
Logen Johnson: +1.724.272.0495

]

SN

I

1

I

AEROSPACE GENERAL
PROJECTS SYSTEMS GROUP COMMITTEES
Chair: TBD

AIRCRAFT SYSTEMS GROUP
COMMITTEES
Chair: Robert Garner

Aeraspace Behavioral Engineering

Techrology(ABET) Steering Group

G-I0A  Aeronautical infarmation
System

G-100 Codor Display

G-10E Enhanced Vision/
Synthetic Vision Systemns

G-I0EAB Executive Advisory Group

G-I0G Resistic Training

G-IOMWD Head Worn Display

G-10J Charting

G-I00L  Operational Lasers

G-10P Perspective Fight
Guidance

G017 Laser Safety Mazards

G-I0TDS  Touch Interactive Display
Systems

GI0U  Unmanned Asrcspace
Systems

G-IV Vertical Fight
G-IOW  Westhar Information Systems.

identification
Appiicatiors

XroSion
Commercial Space
s

Helicopter Hosts

Lithum B

¥ Packaging

Simutants for impact and ingestion

onic Transactions for Aerospace

Cyber Physical Systems Security

Artificial Inteiigence in Aviation

Alrcealt Instraments

A-4 ADWG Air Data Working Group

A-4 ED Elecironic Display

A-4 EFIS, Blectroric Flight Instrument
System Display

A-4 FLW Fuesl Flowmeters

A-4 HUD Head Up Displays

A-4 ULD Underwater Locatar Devices

Aerospace Landing Gear Systems
A-5A Wheels, Braes & Skid Controls
A-5B Gears, Struts & Couplings
A-5C Aircraft Tires

Aircralt Oxygen Equipment

Aircraft Lighting Steering Group
A-20A Crew Station Lighting
A-20B Exterior Lighting

A-20C Interior Lighting

Alreraft Nojse Measure and Nolse
Aviation Emission Mogeling

Fire Protection & Flammability
Testing Committee

Aircraft Environmental Systems
Alrcralt king Technology
Cabin Air Measuremant

Flight Déck & Handing Ouahbes
Strds for Transport Adrcr;

r
\(CBGPE  Plain Bearing
BGREE Rofing Element

AEROSPACE ELECTRONICS &
ELECTRICAL SYSTEMS GROUP
COMMITTEES
Chair: Jim Ide

Lightring

Electromagnetic Environmental

ENfects (E3)

AE-4EMC  Civil Aircralt EMC
Werking Group

clrical Power &

AEROSPACE MECHANICAL & FLUID

SYSTEMS GROUP CO

.
AEROSPACE AVIORR———_|
MMITTEES

Chair: Bill Woodward

RELIABILITY, MAINTAINABILITY, AND
HEALTH MANAGEMENT SYSTEMS GROUP
COMMITTEES

Chair: Pete Carini

AIRPORT/
SYSTEMS GROUP COMMITTEES
Chair: Jeffery Walsh

mrus.lmnlum
Steering Group
AE-SAMMWI
on Systems
AE-5B MME\UMMM
Luiricant
AE-5C Aviation Grourd Fusing

AE-5D Fuel Tank Flammabiity
Reduction Systems.

Acrospace Coulings, Fittings, Hose

and Tubing Assembies

= ISO/TC20/SCI0 LS. SCAG

* PRI-OPL/QML Fanel

G-3A Aerospace Couglings TG

G-3B Asrcspace Fittings TG

G-3C AS-EN Harmonization

G-3D Aetospace Hase TG

G-3E Aerospace Tubing Instaliation TG

AEROSPACE PROPULSION
SROUD COMMITT

-5-12
515

L516

Electronic Engine Contrals
Aviation Piston Engine Fuels and
Lubricants

Unmanned Aircraft Propulsion
Electrified Propubsion

Engine Corrogion - Rurvway Deicing
Products

EG-IA. Balancing

EGB  Hand Took

EG-IB1 Power Toals - Productivity,
Ergonomics and Safety

EGIE  Gas Turbine Engine Test
Facilities and Equipment

Powered LI Propuision

Gas Tiebine Performance Simulation
Nomenclature and interfaces

Turbine Engire Iniet Flow Distortion

_| SYSTEMS DEVELOPMENT & SAFETY, COMPONENT
Pl P

ﬁ Y. RISK AND SAF

Amanda Myers

-G-iIM  Maintainabilty Supportabty
& Logistics

[-G-1IPM  Prababilistic Mathods Technology
|-ASCSHM Asrospace Industry Steering
Committee on Structural Health
Monitaring

Asrospace Propulsion Systems Health
Management

Integrated Vehice Health Management

Air Caego

Aircraft Ground Support Equipment

Handling and

Adrcraft Ground Desicing Stéering Group

mzunr Aircratt Dear.na Fluigs
Asrodynamics Working Group
Coatings Warking Geoup.

Desicing Faciities
Equipment
Future Deicng
Holdover Time
Methods

Amanda Myers@saeorg
RebeceaLaman

Kerrl Rohall@sae.org

Xevmanmas.ae org

Manraen LQMNDQWIQ

Masreen Lemankiewic2 nsae.w

Rurmway Deicing Proguct

Nicole Mattern

Nicole Matternsae org
PascalThaling org

COMPONENT MAN MENT | Chair.

anagement

TY SYSTEMS | Chair: Buddy C

-S-18  Aircraft & Systems Develapment and Safety Assessment
S-8A  Autonomy Working Groun

and Substandar ry Risk Mitigation
Refrigerants

l:fcrzz heraspace Engine Suppler Quality (AESQ)
23

Anduin Touw

NON

F-aME
}-ASEC

-AMS CE
Lams p

up

ADDITIVE MANUFACTURING
FAMS AM  Additive Manufacturing
AN

METALS &RELATED P SSES
HAMS B

Processes & Pluids

HAMS D

on & Heat Resist:

n, Berylium & Refractory

C Asrcspace Metals Engineering

Aerospac

Elastormers
Polymeric Materists

AMS P17 Polymer Matri

QVHM) Rotorcraft Ground Deicing Operation

Working Group
Traning & Quality Program
Airport Snow & ke Control Equipment




SAE IVHM Steering Group

Strategically identify
emerging technologies and
coordinate standardization
activities across SAE
committees necessary to
support IVHM at the top level,
system level, and component
level

Maintain an emerging
technology brief and roadmap
for IVHM

Maintain a matrix that tracks
coordination, alignment, and

gaps

Recommend standards
necessary to advance IVHM
development




IVHM Capability Levels

Participation in Availability of Use of
MNarrative Description 2 3 Logged &/or Supporting
Repair Actions Real-Time Data | Models

Manual Diagnosis & Repair Process performed by Technician

Limited Service actions for scheduled
Orn-ehicle ana when . Operator/Driver & ; e ! Paper-based
;v;:fsiTE:;‘gc 3|Hrted by ar | N Service Tech : Manusls

simpla gages.

EN o r- -l'_;t cing On Vehicle & - ' o
- ¥ SN cla N-0o
Diagnostics s IE_lms g u:ln_; CperatorDrrver & ','? "r ~ s Paper-based F'_ =
lJging ITEIED EEEES L Service Tech 2P I i : Manuals S
—Eh cle operating pa eters ) ) Depot Tools £ : . Available
Dia

Tools

Telematics vice te in re: - Operator/Dr On-Vehicle,

Frowviding HaaklE Serice B vailable t Paper-based

Rezl-Time monitor W Remote 5u wort Depot & ( .Inul:l Service Te i Manuzls
T d EF po

Data complately c: : Center Advisor Data Diagnostics Info

On-Board &
emote Data
Avallable

gnosis & Repa:r Augmented by Prognosis & Predictive Analytics

Component Operator/Drivar, - Talamatic Cata Addition of
Level ) mrnpu:n:nt Service Tech & -y N Awailable to Component-
Proactve S, ¥ R E Tech with | Level Health
Alerts N Ser. agnostcs Info Models

Integrated : y 0 A i I _
S . ; . Sarvice Tech & On-\ehicle, Va _ Vehicle_Level
. bef..urn problems ocour with v o Sary v : Vohiclo el L
T ramaining usaful life - at: el Management
MH”'L ectimated. Condifion-hased il Madels
maintenance

Component-Level
Health
Predictions

3 . v ) Fabin Addition of
.ﬁ.da[:rtiue . Servic ; ) 15, = I rehicled evel
Health o N " e : L i . Health
1 ol i > R Diagnostics Info Models

IVHM Capability
Integrated into
Vehicle Controls

Mgt actual failures

Source: SAE JA6268




Organizational
Goals

SAE HM-1 Committee

A

* ®

ARP6275
ARP6803

\a
PO P L
* £

System
Requirements

The HM-1 Committee serves as a
forum to gather, develop, record and
publish expert information in the
discipline of IVHM.

AIR6900 JA6268
ARP6883 ARP6290

\a

ARP6290
AS54831

System

Architecture
Y,

Civil fixed and rotary wing air vehicles
Military fixed and rotary wing air vehicles
Unmanned fixed and rotary wing air

. 2

_\
ARP6407  AS5392
AIR6915 AS5393

Detailed System

vEliEEe Design AIR8012  AS5394
: : AS5391 AS5395
Data processing equipment, systems and J
software

. . . )
Air vehicle maintenance platforms Veriiitition | ARP6883
& Validation ARP6887

J

ve
JEND

Driving changes in 2022 to
the MSG-3 Analysis

System
Implementation

vy

AIR6212 JA6097
AIR6334 JA6268
ARP5783

Sustainment
Support

[
[
[
[
[
[
[




SAE HM-1: Integrated Vehicle Health

= S5AIRs +1WIP
= 5ARPs+ 3 WIP
= 6ASs

= 2JAs+1WIP

Gaps:

Autonomous Systems
Electric / Hybrid Aircraft
Implementation / Fielded Systems
Specific System / Component Level

PHM in the Active Control
MBSE
Lessons Learned
General Aviation
Space

Management Committee

ARP6290 — Guidelines for the Development of
Architectures for IVHM Systems

ARP7122 — Utilizing Aircraft Integrated Health Management
for Maintenance Credits

AIR6970 - Atmospheric Corrosion Monitoring

ARP6887 — V&V of IVHM Systems

JA1013 — CBM Recommended Practices

IVHM for Autonomous Vehicles

Feb 22-24, 2022 — West Palm Beach, FL
Fall 2022 — Lisbon, Portugal




SAE E-32: Propulsion System Health
Management Committee

= 11 AIRs +6 WIP

= 9ARPs + 4 WIP * AIR4985A — A Methodology for Quantifying the
Performance of an Engine Monitoring System

_ Gaps: - ARP1587C — Aircraft Gas Turbine Engine Health
Reciprocating Engines :
Electric Propulsion Management System Guide
Hybrid Propulsion  ARP5987A — A Process for Utilizing Aerospace Propulsion
Hydrogen Fuel Cell Propulsion Health Management for Maintenance Credit

 ARP6835 — Propulsion System Monitoring for Continued
Airworthiness

Mar 29-31, 2022 — Madrid, Spain
Fall 2022 — San Diego, CA
Spring 2023 — Long Island, NY — Meeting #100!




" SAE AISCSHM: Aerospace Industrial Steering
Committee for Structural Health Monitoring

= 2AIRs

= 1ARP+1WIP * AIR6245 — Perspectives on Integrating Structural Health
Monitoring Systems into Fixed-Wing Military Aircraft
« AIR6892 — Structural Health Monitoring Considerations
and Guidance Specific to Rotorcraft
Gene?aal‘pAS\;iation « ARP6461A — Guidelines for Implementation of Structural
Health Monitoring on Fixed Wing Aircraft

Requirements

Certification
Design

Architecture « ARP6821 — Guidance for Assessing the Damage Detection
e capability of Structural Health Monitoring Systems

SHM Summit with Regulators planned for 2022
Meets in conjunction with IWSHM at Stanford




Adjacent Aerospace Committees

= DDSG: Digital & Data Steering Group

= G-11M: Maintainability, Supportability and Logistics

= G-11PM: Probabilistic Methods Technology

= G-34: Atrtificial Intelligence in Aviation

= (G-35: Modeling, Simulation, Training for Emerging AV Technologies
= S$-18: Aircraft and Systems Development and Safety Assessment

= AS-3: Fiber-Optics and Applied Photonics

= A-6: Aerospace Actuation, Control and Fluid Power Systems

= AE-5: Aerospace Fuel, Oil and Oxidizer Systems Steering Group

= A-5: Aerospace Landing Gear Systems

Numerous Automotive committees focusing on autonomous, alternative power, and D&PHM




How to Get Involved

= Contact SAE Committee Manager, Kevin Bires:
Kevin.bires@sae.org



mailto:kevin.bires@sae.org

Questions for the audience for the Q&A

1. What PHM standards would you like to see developed?

2. Which standards development organizations do feel produces the
most relevant standards and best practices for your area of interest?
3. What is your primary source for PHM standards and recommended
practices?
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Using JA6268 to Develop
PHM Applications

Garrett

Tim Felke

Engineering Fellow,
Garrett Advancing Motion
November 30, 2021
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JA6268 PRIMARY USE CASE

Interoperability of IVHM functions is hampered by differences between data definitions

Each supplier must

work with dozens of Tier-1 Supplier 1

Tier-1 Supplier 2 Tier-1 Supplier 4 L ... 100s

Tier-1 Supplier 3

Integrators

Each Integrator must - _

work with hundreds of
Suppliers and dozens of Asset OEM 1 Asset OEM 2 Asset OEM 3 ... 100s
Operators

<

Each Operator must

work with dozens of
Integrators

Fleet Operator 1

Fleet Operator 2

... 100s




FOUNDATIONAL DOCUMENT: SAE JA6268

Downloaded from SAE International by SAE International Sales Team Use - Internal Use ONLY, Monday, May 21, 2018

JAG6268™ APR2018

SURFACE VEHICLE/AEROSPACE

RECOMMENDED PRACTICE

INTERNATIONAL: Issued 2018-04

Design & Run-Time Information Exchange for Health-Ready Components

RATIONALE

This Surface Vehicle & Aerospace Recommended Practice was created to help reduce existing barriers to the successful
implementation of Integrated Vehicle Health Management (IVHM) technology into the aerospace and automotive sectors
by introducing health-ready components. Health-ready components are augmented either to monitor and report their own
health or, alternatively, ones where the supplier provides the integrator sufficient information to accurately assess the
component’s health via a higher-level system on the vehicle. The principal motivation for health-ready components is to
facilitate enhanced IVHM functionality in supplier-provided components that better meet the needs of end users and
government regulators in a cost-effective manner. Underlying this maotivation is the assumption that market forces will drive
the need to achieve IVHM's benefits, which will in turn drive new requirements that suppliers must ultimately meet. This
recommended practice has two primary objectives: (1) to encourage the introduction of a much greater degree of IVHM
functionality in future vehicles at a much lower cost, and (2) to address legitimate intellectual property concerns by providing
recommended IVHM design-time and run-time data specification and information exchange alternatives in an effort to help
unlock the potential of IVHM.
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JA6268 Application Overview

ERCIAL

Industry Standard
Templates

Initialize ﬂGZGB Enabled Processing \
(IVHM Ecosystem) h

___— JA6268 Runtime Data Exchange

Support for
Operations and

v ! Maintenance Planning
Operator .=~ : e Telematic Message Decode
Datasheets ! * Indicator Computation Support for
: * Remote Diagnostics ” Roadside
OEM Datasheets = : * Work Scope Planning G Assistance
(Vehicles and Systems) e i © Parts Qrdermg

T ! | e Technician Support Support for

A A * Repair Confirmation Service Bay
(Systems and Components) i—=——nif—=—

JA6268 format and vocabulary aligned with industry standards (e.g.: J1939, J2012, J1979, etc.)



sing Application Design Data

Schematic in Drawing Tool — Thermal Management Piping

Schematic NetlLis

uree ource T, entinstanceCode_Destination

Thermal Management Subsystem Piping

HMO08
Coolant cold side
Manifold

cs_p_o1

csm_o1

T lesw 02
PMI L“m)p sr cs_24 e
Coolant Pump fesw o6

€5M_05 ¢ 2 €525

Assembly List / OEM Standard Data

HEL14 HE112 HEOG1 Inherits From: Assembly Name [ Assembly Code Assembly iati
Battery Power Main motor | GTHC008 Generic Heat Exchanger Battery Heat Exchanger |HE114 |CSBattHE
Packs distribution and ECM |GTHC008 B HVAC (1 Heat) HEO80 |CSHVACHE
excha exchanger Heat module heat [GTHCO08 Generic Heat Exchanger [Main M HEOGL [CSHVMotHE
wehanger exchanger exchanger |GTHCO08 Generic Heat Exchanger [Other System Heat Exchanger HE132 [csosHE
M 0s c.18 s |GHYCC |Coolant Cold Side Manifold HMO08 |CSMnfld
[GHYC001 Generic Pipe [Battery Packs Cold Side (Inlet) Pipe [cs p_10 lc: o
|GHYC001 Generic Pipe Battery Packs Return Hot Side (Dscg) Pipe. ICS_P_13 |C P
CcsSM_03 |GHYC001 Generic Pipe [Cabin Bypass Valve Cold Side (Inlet) Pipe [cs P06 [CSCabBPVIvinPp
|GHYC001 Generic Pipe |Coolant Pump Inlet Pipe ICS_P_32. [CSPumpinPp
HEOOL |GHYC001 Generic Pipe |Coolant Pump Manifold Cold Side (Inlet) Pipe ICS_P_01 |CSPUumpMFIdinPp
|GHYC001 Generic Pipe |Cc lod Side (Inlet) Pipe Cs P 31 |CSRsvrinPp
- |GHYC001 Generic Pipe [Main Motor Hot Side (Dscg) Pipe Cs P21 & P
HMO009 [GHYCO01 Generic Pipe [0S Outlet Valve Input Cold Side (Dscg) Pipe cs p 02 lc o
Coolant hot side [GHYCO01 Generic Pipe [0S Return Valve Input Cold Side (Inlet) Pipe cs P 0s [CSOSRtnVIvinPip
Manifold [GHYC001 Generic Pipe [0S Return Valve O (Dscg) Pipe [cs p o5 |CSOSRtnVIvDscePip
|GHYC001 Generic Pipe Power Distribution Module Return Hot Side (Dscg) Pipe ICS_P_17 |CSPDUDscgPp.
[GHYC001 Generic Pipe [Radiator Cool Side (Inlet) Pipe [cs P30 [CsRadinPp
|GHYC001 Generic Pipe Radiator Hot Side Pipe (Dscg) ICS_P_31 |CSRadOutPp
H H H H |GHYCC |C HRES014 |CSRsvr_
All commercial schematic drawing tools can export a NetlList e
|GHYC005 Valve |Ot Valve VLV099 |CSOSRtnVIv_
[SVTHOO1 Standard Coolant Pump. |Coolant Pump PMP002 [CSPump

Existing System Design Data Identifies Component List and Provides Application Specific
Connectivity Information
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Use of 6268 Data to Derive Fault Model Content

Garrett Component Templates (150+) Model for Integrated System
Generic
Generic Heat ‘
Exchanger e

Generic
Manifold

Generic Pipe

000 Generic Reservoir | -

Generic Rotational
Valve

Commercial Truck

Industry Standard Cooling
Fan

Industry Standard
Radiator

Industry Standard Cooling
Pump

OEM Specifications

OEM Standard
Nomenclature

OEM Thermal Mgt
Piping

Templates and Datasheets include Fault Model data that is combined for
complete application to provide comprehensive guided diagnostic capability.
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Data Recording Files

Use of 6268 Data for Analytics and Prognostics

OEM Standard
Nomenclature

OEM Thermal Mgt
Piping

OEM Vehicle X Comm
Topology

OEM Vehicle X Thermal
Mgt Electrical Schematics

OEM Vehicle X Power / Ground
Schematics

System Files Translate Component

Signals to System Signals which are

Mapped to Standard Signals

Standard Cooling| ===

Pump

Generic Valve

Generic Solid State
Circuit Breaker

Component Files Define

Regimes, Data Recordings,

Algorithms and Indicators

Regimes
e Pump Start

Pump Start Fluid Dynamics *

A

* Valve Actuation
Breaker Closing

Regimes Data Recordings: Algorithms:
+  Pump Off Pump Start Fluid Dynamics *+ Time to Prime
Pump Start Pump Start Electrical Dynamics Pump Motor Start Torque and
Pump Steady Speed
Pump Stop Pump Motor Winding Health
Regimes Data Recordings: Algorithms:

* Valve Closed

* Valve Opening
* Valve Open

* Va;lve Closing

* Valve Opening
* Valve Closing

* Valve Actuation Performance

Regimes
Breaker Closed
Breaker Opening
Breaker Open

Breaker Closing

Data Recordings:
Breaker Opening
Breaker Closing

Algorithms:
Breaker Actuation Performance

Pump Start Electrical Dynamics
Valve Actuation Fluid Dynamics
Solid State Relay Transient Recording

e o o o

Algorithms

* Time to Prime
Pump Motor Start Torque and Speed
Pump Motor Winding Health
Valve Actuation Performance
Valve Electrical Performance

— .

Indicators (Condition, Health, Predictive, Usage)
* Time to Prime

Pump Start Fluid Dynamics

Pump Start Electrical Dynamic

* Valve Actuation Performance

* Valve Electrical Performance

Templates and Datasheets include Processing Model data that is combined to automate key
aspects of data recording, transmittal and algorithm execution to produce additional indicators
that can be used for diagnostics or prognostics
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JA6268 Technical and Programmatic Status

 HRCS is developing substantial library of templates for Generic and Industry Standard
Components, Functions and System:s.

* JA6268 is being used with major Trucking OEM as basis for next generation IVHM
functionality and integration of supplier data and supplier IVHM services.

 JA6268 is being used by American Trucking Association — Technology and
Maintenance Council (ATA-TMC) as process to development of new requirement
documents for IVHM interfaces and functions.

* JA6268 has been subject of demonstration programs for US Army and Navy and is
currently being assessed as basis for asserting IVHM requirements for future
programs.

 JA6268 is being used by a major automotive Tier 1 to implement the IVHM
functionality for their next-gen products.
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Tim’s Questions for Audience Delight

1. Do youthink JA6268 will be of greatest value to Operators, OEMs, Suppliers, Other?

2. Can you think of ways that the value of JA6268 can be increased to each participant?
Slido audience response:

Collaborations

Communications

Performance monitoring

OEM requirements

Online tutorial

o N R WDNR

Real case studies

3. What do you see as possible impediments to the success of JA6268?



National Institute of
Standards and Technology
U.S. Department of Commerce

Advancing PHM for Manufacturing
Operations through Standards

Brian A. Weiss
Intelligent Systems Division
*Engineering Laboratory
Natlonal Institute of Standards and Technology

Brlan Weiss@nist.gov » s



mailto:Brian.Weiss@nist.gov

Disclaimer

I o

NIST Disclaimer: The views and opinions expressed herein do not necessarily state or
reflect those of NIST. Certain commercial entities, equipment, or materials may be
identified in this document to illustrate a point or concept. Such identification is not
intended to imply recommendation or endorsement by NIST, nor is it intended to imply
that the entities, materials, or equipment are necessarily the best available for the
purpose.

ASME Disclaimer: The views expressed in this presentation are those of the speakers and
are not necessarily the views of the ASME Society. Permission to distribute this
presentation has been obtained from ASME. Further reproduction or distribution is
prohibited without additional written permission from ASME.



Advanced Manufacturing Enables... NIST

Make what you want, where you want it, and when you want it.

Respond in real time to meet changing demands and conditions

Easily and rapidly reconfigure factory production to optimize performance
Deal with uncertainty and anomalies to enable continuous improvement
Maintain seamless interoperability

Courtesy of
Adobe Stock




Production Paradigm

Craft Production Mass Production Flexible Production Mass Customization

Small, custom Low-cost products Variety of products Mass customized products
products enabled enabled by enabled by enabled by information
by electricity & interchangeable parts computers & technology & reconfigurable

machine tools & assembly lines robotics manufacturing

1850 1900 1950 2000

Fix when it breaks Reactive Maintenance
Maintain based on a schedule Preventive Maintenance

Avoid failure based on condition Predictive Maintenance
Systems monitor themselves | EEIRNYETIEIERNE

Maintenance Paradigm

Gregory W. Vogl, Brian A. Weiss, and Moneer M. Helu, "A Review of Diagnostic and Prognostic Capabilities and Best Practices for Manufacturing," Journal of Intelligent Manufacturing, 2016.



https://www.nist.gov/publications/review-diagnostic-and-prognostic-capabilities-and-best-practices-manufacturing

Reducing Barriers to PHM Adoption... NIST

* Aid manufacturers in
designing, deploying,
verifying, and validating
PHM strategies within
their manufacturing
operations




ASME PHM Subcommittee Charter

Develop standards and guidelines that advance the

design and implementation of monitoring, diagnostic, and

prognostic capabilities, along with ways of verifying and

validating their performance, to enhance adaptive

maintenance and operational control strategies within

ASME

SETTING THE STANDARD

manufacturing.



Guiding Manufacturers in Determining

where to Advance Maintenance Practices

Challenge: Manufacturers are constantly challenged in trying to optimize their maintenance activities.
Unhealthy processes can impact quality. Likewise, unscheduled or frequent downtime impacts

productivity and production costs.

Solution: A “Guideline for Manufacturing Prognostics and Health Management (PHM): Determining PHM
Inclusion in Factory Operations” has been developed by an ASME Subcommittee.

What it Provides: The guideline assists manufacturers in making decisions about when and where to
integrate monitoring, diagnostic, and

prognostic tools and
systems in their facilities
to ideally optimize
maintenance of their
manufacturing
operations and/or
improve their
production planning.

Example Data Catalog Format

Parameter Asset Data Item Type Sensor Type Sensor/ Data Characteristics Signal
Conditioning
/Processing
Identifies the | Identifies the Identifies the Data | Identifies the type of sensor Discrete/ Parametric, Sampling/ | Identifies any
parameter of | asset being Item Type needed to measure the Update Rate:(1 Hz, 10Hz, etc.) needs for
interest (e.g. | examined for | relevant to PHM parameter of interest conditioning of the
vibration, relevant PHM | (e.g., attribute, (e.g. proximity probe, strain Data Resolution (e.g., Range, signal (e.g.,
pressure, data (e.g. measurement, gauge, etc.), along with any Least Significant Digit) amplification,
current, etc.) | pump, motor, | command, control | relevant features (e.g. range, attenuation,
etc.) or state) resolution, etc.) desired. Sampling Logic (e.g., filtering, etc.)

Continuous, on-demand, event-
driven)




Guiding Manufacturers in Determining

where to Advance Maintenance Practices

 Collaborate:
* Provide feedback on the guideline’s practicality and viability
 Pilot the guidelines in manufacturing facilities to offer lessons learned, areas of success, and
shortcomings

* Benefits/Impact:
 Early access to the draft document will enable reviewers to include their input and perspective which
will broaden applicability and increase practicality in the manufacturing community
 Early adoption and deployment of the guidelines will offer those specific collaborators a ‘head-start’
(i.e., competitive advantage) in enhancing their maintenance practices.



Questions for the Audience

* What do you see as the PHM Society’s role in the standards
community?

e What are the barriers to the manufacturing community adopting
standards? (word cloud poll not conducted because of time)

 What existing PHM standards do you see as most valuable to the
manufacturing industry?



"6 phmsociety
Use Slido for your questions and to like others

... but do ask questions or comment (community chat)

You can raise your hand in Zoom

Discussion

1. What new existing and new standards are coming from the main
standards developing organizations?

2. How to contribute and identify gaps?
How could the PHM Society help?

We’ll conclude by re-asking you to rank the priorities RANKING POLL



"a phmsociety

Audience Priorities Slido Poll

Priorities bef the di i fAriti i i
riorities before the discussion Priorities after the discussion

m Accessible best practices from research to commercialization
= Need to support innovation and sustainability

= Need to rationalize business cases

= Need to support trustworthiness in products and processes

m Accessible best practices from research to commercialization
m Need to support innovation and sustainability
= Need to rationalize business cases

= Need to support trustworthiness in products and processes

>> Higher for priority 1 and lower for others



K rhm

Discussion for the Conference Hub Chat

1.  Anopen question for those that attended yesterday's Standards panel - what could have been done differently or
improved in a future Standards panel offering? More time for discussion? More speaker presentation on a specific
topic? Something else? All thoughts are welcome

2.  There is usually a standards panel every year in PHM with similar content. Maybe having a PHM resource page
summarizing much of the related standards, and focusing the standards panel on what's new in the standards world,
not just development but emerging needs and anything else { see the upcoming standards portal on phmsociety.org}

3.  Valuable central resource. Another idea is to have a theme around standards each year - for instance, standards for
innovation and scaling. We know that standards are a (often viewed as not sexy) requirement for large scale PHM
deployment , what are some specific examples?

4. Another consideration here is that we always talk about standards gaps and what standards can be developed to fill
these gaps. | think the community should also spend some time in reviewing existing standards to determine which are
out of date that should be identified for revision/update. It's also possible that some standards may need to be sunset
(if not revised).

5.  Thanks for your time and participation. Standards seems to be not flashy but | am encouraged at the response from the
community for this annual panel. It regularly here and in Europe is one of the most well attended. | think people
understand that it is one significant source of the body of knowledge in this dynamic field, albeit one with some lag and
maybe not a broad engagement. The Standards portal was developed more than a year ago but we have been waiting
for that time for the website upgrade. | think we are close to standing it up.



"Q phm
Way Forward- Get Involved!

* |JPHM papers and communications

5:54PM Mon Nov 20 > 2%

Indexed in the Emerging Sources Citation Index Co m o S ¢
— Submit an abstract ‘,: e
— Submit an abstract for the Standards Special Issue , O
* Updates on standards in progress " B - <
— PHM Standards Portal - what else would be useful there? = &= <

Please go to the Standards panel page and post
9 your questions in the SLIDO window.
day at 8:54 AM

— Standards Users Group - join
— Forum discussions - participate _
* Standards Review Process :::: -
— PHM-ISO connect: want to help? P
— Other Standards Development Organizations- want to help?
* What else would be useful?

Standards forum: https://www.phmsociety.org/forum/592

Please visit and participate in the PHM21 discussion group on Hub Community Chat.

Thank you
Hope to see you in Turin in 2022 for PHME22

SESSION SURVEY POLL


https://www.phmsociety.org/forum/592

"a phmsociety

Audience Wrap-up Slido Poll

Evaluation Question Ranking 1to5
(Limited Responses)

The session provided new information to me 4
The session will help me in my research/job 3.7
| would attend a similar session (virtual or live) in the future for more updates 3.3

| would participate in a PHM Standards Users' Group organized by the PHM Society 4.3



