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Background Information 1/2
Vision and Motivation of AISC-SHM

——

The AISC — SHM is an international team
comprising industry, government and academic participants with
a collective vision to efficiently and effectively implement
structural health monitoring for a wide variety of commercial,
military and rotorcraft aerospace applications through the
development of standards, procedures, processes and
guidelines for implementation and certification of the
technologies.

The AISC-SHM operates as a Technical Committee within SAE
International‘s Aerospace Standards Program (G-11 SHM)



Background Information 2/2

ASIC — SHM Aerospace Industry Steering Committee for Structural
Health Monitoring - Committee structure

T ———

AISC -SHM Main Technical Committee

Operators / end users, Regulatory agencies, OEMs, Systems integrators and \
SHM Suppliers, Research organisations / institutions, other interested parties

AISC -SHM Executive

Management Board (EMB) _

Officers, industry/ institutional
representatives, chairs of

SAE representative.

Working Groups

CAWG MAWG Rotorcraft
SAE SHM Guidebook task Group
CAWG - Commercial Aviation Working Group Current Chairmen :

AISC -SHM - Peter Foote, Cranfield University.
CAWG and SAE Document sponsor: Grant Gordon,
Honeywell

MAWG: Mark Derriso — US Air Force

MAWG — Military Aviation Working Group

The committee is also known as G-11 SHM within the SAE International Aerospace Division
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G-11 AISC MAWG Main Contributors

' __C_:AS_S[DLAN BAE SYSTEMS
gLEHEI/VE Sﬂpﬁn';' ,'ft'd';'} EMBRAER

'ﬁj Delft Cmnﬁeld

UNIVERSITY

@ >\
Honeywell

% UTC Aerospace Systems

Military Aviation Authority

MAA

Further military and industrial organizations have expressed
interest and will join MAWG in the near future.

The committee is also known as G-11 SHM within the SAE International Aerospace Division
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The G-11 AISC Military Aircraft Working Group

The Goal of MAWG

Objective:

* to establish a standard framework
and process to integrate SHM
technologies into the current
military aircraft management
process.

* to provide the end users with
guidance for SHM system design,
installation, certification and
exploitation within innovative
maintenance and A/C operation
concepts

Scope C

e

Reviewing military documents applicable
to SHM

Evaluating the relevance of SHM to military
requirements and support engineering
processes

Presenting methods to integrate SHM with
military maintenance processes: including
Logistic Support

Evaluation of requirements to integrate
SHM into Health Management System
including interface to Mission and Flight
Management System Maintenance, Mission
and Flight Systems




The G-11 AISC Military Aircraft Working Group
The Organization of MAWG

SAE International = Aerospace Council

G-11 - SHMASIC

|
!
CAWG MAWG | Rotorcraft WG
|
Chairman Secretary
US Air Force Cranfield University
Mark Derriso Peter Foote

[
Deputy Chairman
Cassidian
Matthias Buderath

Guidelines Lead Use Case/Technology Maturation
Document Sponsor Leads: NAVAIR, Boeing &
BAE Systems & HAHN Spring Ltd Embraer: Tim Fallon, Jeong-Beom
Jim McFeat & Hesham Azzam Ihn & Fernando Dota

| |
The MAWG Participants: US Airforce, NAVAIR, Cassidian, BAE Systems,
Boeing, Embraer, UTC Aerospace Systems, Honeywell, Stanford University,
Cranfield University, TU Deflt, HAHN Spring Ltd, ...
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Motivations for Military SHM Guidelines 1/4
Trends in Military Air Systems

Aircraft / Fleet Availability

» Condition Based Maintenance

* Remaining useful life
gquantification

Mission Capability

* Maximized vehicle performance
based on individual response to
environment => no pre-
determined inspection interval

« Improved systems fault detection,
isolation and accommodation

Mission Capability

System availability, feeding mission
planning systems in real-time with
structural health status

Decision Engine to provide
assessment of functional availability

Improved fault detection and
isolation through aggregation of
diagnostic at aircraft level.

Maximized system availability
based on complete

system health awareness and
maintenance management

Mission Capability

Enabling autonomous

mission re-planning based on
assessment of he impact on mission
capability

Self Reliant Platform

Contingency Management —
environment awareness
Interaction with flight management
system

Short Term

MidTerm

Long Term




Motivations for Military SHM Guidelines 2/4
Trends in Military Air Systems

Alfus framework : Evaluation of autonomy at mission level upon three

parameters :
« Human independence
* Environment complexity
» Mission complexity

AUTONOMY LEVELS FOR UNMANNED SYSTEMS
(ALFUS) FRAMEWORK

Safety Assessment

+ Functional Hazard Assessment:

Mission Identify & clarify failures and hazards

+ Preliminary Safety assessment,
establish safety requirements

+ Common cause analysis

« Safety Assessment: verify that the
system as implemented meets the

Human Independence or safety requirements

Complexity
Operator Independenceor

Unmanned
System
Autonomy Level
Terminology

Environmental
Complexity

System Architecture

+ ldentify the system elements and set
the relationship to join them to a system

Safety Requirements
« Develop DesignAssurance Levelto L validation

prevent failure
+ Develop requirements to prevent faiures

+ Detail requirements: operational, performance,
physical, interface, reliability and maintainability ——

Design, Implementation and Test & Evaluation .
Verification

Integration, Test, Evaluation and Flight Tests

Instructions for production, installation and } Configuration

operation Management



Motivations for Military SHM Guidelines 3/4
Evolution Phases of SHM Systems - Roadmap

g:> Future concepts.

UAS, remotely piloted
g:> and fully autonomous Phase IV

SHM is a design factor

Current manned and for structures and systems.
> UAS (remotely piloted) ﬂase - Flight critical element.
SHM is part of Mission
Legacy, current S *  and Flight Management
manned Aircraft. Systems. Integrated into
Automated SHM, Enabler decision making.

oh | for CBM. Decision aid
/ ase integrated into aircraft
S-SHM. enhanced NDT systems / operations

5

h

- Stand-alone systems for
2a Enhanced maintenance
3

=

=

D

o

N

Increasing integration of SHM into aircraft and operational systems



Motivations for Military SHM Guidelines 4/4

Main challenges from a OEM & Integrator
perspective

Provide robust SHM system requirements to meet
short-, mid-and long term objectives

Integrate SHM monitoring concept into structural
design development process

Provide safety assessment and requirements to
integrate SHM into the health management system
=» condition based maintenance

Provide safety assessment and requirements to
integrate SHM into the aircraft airborne
architecture and interfacing with Mission
Management System =» autonomous mission
execution

Provide safety assessment and requirements to
integrate SHM into the aircraft airborne
architecture and interfacing with Flight and Mission
Management System = self reliant platform

Contribution of ARP6245 Guidebook

The military guidelines, ARP6245
should provide concise information
about military requirements,
processes, and standards.

ARP6245 should address the
processes, standards and
regulations required for integrating
SHM into the various aircraft types
and their supovide port systems.

ARP6245 should provide
information about the potential new
concepts and the processes
required for the transition to them
from existing processes.

ARP6245 should provide guidelines
covering the wide range of military
aircraft types.
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2012-2013 Military Guidebook Development
Evolution Phases of SHM Systems — Phase | — Lessons Learned

.r’:> Future concepts.
UAS, remotely piloted

F and fully autonomous Phase IV

SHM is a design factor

Current manned and

r—§ UAS (remotely piloted)

Phase |

Automated SHM, Enabler
for CBM. Decision aid

Flight critical element.
SHM is part of Mission

and Flight Management

Systems. Integrated into

decision making.

integrated into aircraft
systems / operations

for structures and systems.

More efficient NDT process
Stand-alone system

Lower training requirements

Faster turnaround for inspections
Reduced human factors

Uses S-SHM (MSG-3 rev. 20019.1)

Issues / gaps:
The above must be harmonised with global

maintenance practices.
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Evolution Phases of SHM Systems — Phase Il - Lessons Learned

Legacy, current
manned Aircraft.

S-SHM, enhanced NDT
Stand-alone systems for
Enhanced maintenance

SHM is part of Mission
and Flight Management
Systems. Integrated into
decision making.

p

ENGINE HEALTH MANAGEMENT

STRUCTURAL HEALTH MANAGEMENT

analysis

( SYSTEMS HEALTH MANAGEMENT

m ntenance ](mma. datuJ[ S

[nhservatlons records Monitoring

P Future concepts.

»_ UAS, remotely piloted
v and fully autonomous

[

Phase IV
SHM is a design factor

for structures and systems.

Flight critical element.

Automated SHM . System reports
degradation automatlcally No human
interaction to produce inspection result.

* Enabler for CBM, CBM+ (change
maintenance intervals)

» Used as a decision aid.
* Integrated into aircraft support systems.

* Integrated in aircraft operational systems (for
UAS**)

Issues / gaps:
» Significant effort for certification needed.

* System integration & verification roadmap
required.

» Dependency on system to inform on
functional availability of the structure

e *See MSG-3 Issue Paper IP 105
* ** Remotely piloted and fully autonomous



2012-2013 Military Guidebook Development
Evolution Phases of SHM Systems Phase lll - Lessons Learned

SHM sub-systems, ents, items and

functions are fully integrated within the aircraft
Future concepts. airborne architecture and interfacing with
MMS/FMS

Tl » Development Assurance Level (DAL) is assigned
Current manned and for structures and systems. to each item and function based on the

2 UAS (remotely piloted) Flight critical element. ' en . . vye
ﬂ classification of related failure conditions
Phase i . . . g .
Automated SHM, Enabler « Validation/verification data and methods
/ﬁ_ Itegrted o st described in this document would be required to
ol support certification.

Etencedmannce Standardization of IVHM / SHM HW / SW
architecture

Legacy, current
manned Aircraft.

/: Certification Effort
°

Issues / gaps:

Ty — * Missing regulatory environment: civil and military.
. e » Validation/verification data and methods
‘ Asl:nb:;: H Airborne SHM/IVEM # Airborne SHM/IVHM ;=4 Alv'nnr;; ?:Ilnn:smm| ° St and ard I S atl 0 n

Ground-based malntenance/
management deckslon making




2012-2013 Military Guidebook Development

Evolution Phases of SHM Systems — Phase IV - Lessons Learned

—

UAS fleets and future concepts
Timescale: Long term / vision

PR TEST EE - svm changes  inuences stucure and

system design criteria
PMNMW.

UAS, remotely piloted
F:) and fully autonomous Phase IV
SHM is a design factor
for structures and systems.

Fignterearsement . lSSUGS / gaps:

Current manned and
UAS (remotely piloted)
SHM is part of Mission
and Flight Management
Systems. Integrated into

Legacy, current
manned Aircraft.

Phase I
Automated SHM, Enabler

decision making.
for CBM. Decision aid . .
K_ itegratd nto aircrah « Change of regulations and rules required
S-SHM, enhanced NDT systems / operations
Stand-alone systems for (fu ndam e ntal)

Enhanced maintenance

/: Certification Effort
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Competencies and skills required to support MAWG

fication Effort

// Certi

Legacy, current

manned Aircraft.

ﬂase I

S-SHM, enhanced NDT
Stand-alone systems for
Enhanced maintenance

g:>

Current manned and

> UAS (remotely piloted)

UAS, remotely piloted
and fully autonomous

T

SHM is a design factor
for structures and systems.
Flight critical element.

Phase IV

ﬂase 1
SHM is part of Mission

Phase Il

Automated SHM, Enabler
for CBM. Decision aid
integrated into aircraft
systems / operations

o and Flight Management
Systems. Integrated into
decision making.

Increasing integration of SHM into aircraft and operational systems

* Structural and systems
engineering
* Regulatory know-how

 Support and maintenance
engineering

* System architecture design

* System integration

* ISHM [ IVHM expertise
(e.g links to SAE
IVHM Initiative

* Configuration Mgt.
* Maintenance Mgt.

e Structures design and
analysis experts

* Damage tolerance
experts

* Mission Mgt.
* SW Engineering
* Conceptual design
engineers




Concluding Remarks

* The G-11 AISC team developed ARP6461 for SHM civil transport aircraft applications.Some
of the guidelines ARP6461 will be re-used for military aircraft.

 ARP6461 does not address specific military considerations and does not cover the
wider spectrum of military aircraft types; the scope of ARP6461 did not include guidance
on the integration of SHM into the aircraft and its military aircraft support systems.

* Therefore, AISC decided to compile ARP6245 to cover the topics that are not considered
by the civil ARP.

* The work on the military ARP document started early 2013 and benefited from previous
work carried out by BAE Systems, Cassidian and HAHN Spring Ltd.

» Currently MAWG assembles members from Cassidian, BAE Systems, Boeing, US Air
force, NAVAIR, Embraer, Honeywell, HAHN Spring Ltd, UTC Aerospace Systems,
Cranfield University, Stanford University and TU Deflt.

 Further military and industrial organizations have expressed interest and will join MAWG
in the near future.

The efforts of this international committee should produce an initial draft by the ead
2013. The leads of MAWG have set a challenging timescales aiming for agreed
approved military guidelines by the end of 2014.
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If you want further information please
come and talk to us at the poster session
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