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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 and military aerospace
applications through the development of guidelines,
procedures, processes and standards for implementation
and certification of the technologies.
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- The AISC-SHM operates as a Technical Committee within
SAE Aerospace (an SAE International Group) within the
Aerospace Division (G-11 SHM)
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RSICREVSHIVI2006 1h Granada: Call from industry for an
iy mm,ug aI ‘communiLy or practice

- PI‘JP:):)JI‘ “u Kuo Chang, Stanford University launches
ANSE=SHM in Stanford, Sept 2006

2 comi -lejaI Aviation Working Group formed — 2007
-~ <M 1.’[2*;1“’(5/ Aerospace working group formed - 2008

i
o ——— =

— -AJSC SHM joins SAE Aerospace as a new technical
~ document committee — 2008

- ® First meeting as an SAE Committee (G-11 SHM), -
London Jan 2009
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Jhe cC ttee focustisidevelop
BEROSPACE INAUST wdelmes-f-@
health monitorng to _achleve.

o Cross ]rr‘ sty consensus on SHM Implementation ISSUes.

SRR ESISHior SHIV systems certification by providing the
IEGESSaR/Aguidelines (e.0. SAE ARP).

PRl dEntification of technology gaps.

9 IJ‘EFJ ace With other activities pertaining to aeronautical
= SHM
| ﬂectlve VIEW among various organizations such as:
_-“: - — OEMSs: aircraft manufacturers
~ — Regulatory Authorities

— System Integrators

— Developers / Research organizations

— Operators and their representatives
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e mission of the AISC-SHM s to provide an
aggrq* e standardizing Integration and

Galf rm Alien requirements for SHM of aerospace
SUU Stires, which will include system maturation,
Sk __ntenance supportability, upgrades and
== oxpansion. The goal is to develop a guidebook
—= _,specn‘ylng approaches for SHM usage on Air
- and Space vehicles and to identify technology
~_gaps leading to SHM utilization.
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AEAefgosp dac AISC-SHM: AISC -SHM

Aerospace Industry Steering Committee for Structural Health Monitoring
Committee structure

-

4 AISC-SHM Main Technical Committee .
—é 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

. ATA interaction

working groups, plus SAE Administration
SAE representative.

Working Groups

CAWG Future groups
SAE SHM Guidebook task

CAWG — Commercial Aviation Working Group Current Chairmen:
AISC-SHM — Peter Foote, BAE Systems

- .. . CAWG and SAE Document sponsor: Grant Gordon,
MAWG — Military Aviation Working Group Honeywell

MAWG: Mark Derriso — US Air Force
The committee is also known as G-11 SHM within the SAE International Aerospace Division
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SIGE INes contents J""

Scoge (Elif va' cles aii frame; structiral’components
Avolieagfael cuments (eXIstlng standards, related guidelines etc)

Balaie JrJJr]J (context of SHM in aircraft support processes and structural
AESION! ,)r]llc pphies, overview: of technologies)

IruJJJw on to SHM systems. (Functional elements of structural health
frleiplele)el ent systems based on condition and usage monitoring technigues)

2 Flaledsgie “application (How SHM can be used, intended function, concepts of
- 9g Sration)

_._=-$== MEsystem requirements (What must SHM systems and technigues do)
= ’éuallflcatlon

= '_' V&V _ How to assure that chosen SHM solutions meet functional,
= Certification operational and regulatory requirements

-r.
e

* Military annex (differentiation of military and civil implementation)
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Certification: taskstoobtain approval for  [5] »;gftéggttllﬂz g;]

Design Production Installation Airworthiness
! ! ! }
Intended functions [0]  system [2]  System [3]_ System [4]  System [7]
and function use cases | |Development | Production | |Installation | Utilisation
Maturation [1] ] , Benefit/Credit [8]
Validation

Hgure 1(a): Evolution and certification of SHM systems, a simplified diagram

Expected Organisation

[0] any Regulator:R  (FAA, DOD, MOD)
[1] any Aircraft manufacturer: A

[21S O, A SHM system manufacturer: S
[31S O, A Operator: O

[4]S O, A Technology developer: T (small
[(]R S O,A companies/academia)

[6(IR S

[710

B0, SRAT

P
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IUStrativewoerk In PregiEss:. ...

Certification phases through Project Specific Certification Plan [5] Instruction  [6]

Conceptual | Requirements| Compliance Implementation  Post —— for Continued

design definition planning certification Airworthiness
Intended functions:  [0] System Development [2]  |system [3] |System [4] |System [7]
Detect, monitor and/or assess System requirements Production Installation Utilisation
accidental/environmental/fatigue Functional requirements, and

damage or damaging events such desianer. intearator. and
as overloads and over-speed. gner, g ’

Monitor and/or assess operator requirements

fatigue, usage, loads, and/or
structures integrated with SHM to

A\ 4

Determine criticality

reduce weight, revise safety Safety Assessments, FMECA,
factors, use new materials, et.. Functional Hazard Analysis, ...
Function use cases: - >

Advisory, Integrity requirements

Requirements for software,
environmental tests, ...

Maintenance benefit/ credit
Operational benefit/credit

Design benefit/credit System Designs
3 Test & Evaluation
Maturation [ Yystem Integration
Benefit/credit evaluation Test & Evaluation
algorithm validation, Right tests )
A

finite element analysis,

y
simple structure tests, Validation evidence Benefit/Credit [8]
| . Tests may be requ!red not only for SHMlbut Validation
CPmp S z also for structural items and may cover:
flight tests, ... coupon tests, environmental tests, full scale
Validation evidence tests, static tests, durability tests, etc.

v

Figure 1(b): Evolution and certification of SHM systems, an explanatory diagram



IUStrativewoerk In PregiEss:. ...

Certification phases through Project Specific Certification Plan [5]
Conceptual |Requirements|/Compliance|Implementation /Post

design

Intended functions: [0]
Detect, monitor and/or assess
accidental/environmental/fatigue

definition planning

System Development

System requirements
Functional requirements, and

damage or damaging events such
as overloads and over-speed.
Monitor and/or assess

fatigue, usage, loads, and/or
structures integrated with SHM to
reduce weight, revise safety
factors, use new materials, et..
Function use cases:

Advisory,

Maintenance benefit/ credit
Operational benefit/credit
Design benefit/ credit

A\ 4

designer, integrator, and
operator requirements

Determine criticality

Safety Assessments, FMECA,

Functional Hazard Analysis, ...
| |

Integrity requirements
Requireme ware,
wohimental tests, ...

System Designs
Test & Evaluation

Maturation [1]
Benefit/credit evaluation
algorithm validation,

finite element analysis,
simple structure tests,
complex structure tests,
flight tests, ...

Validation evidence

System Integration
Test & Evaluation

certification

$ $

Hight tests

Validation evidence

Tests may be required not only for SHM but

also for structural items and may cover:

coupon tests, environmental tests, full scale

tests, static tests, durability tests, etc.

Figure 1(b): Evolution and certification of SHM systems, an explanatory diagram
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The major benefits
/
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»|Validation
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Woesking definitions and ex
pigeredits / benefits:

IHENTIEUNTENENCE credit/benefit functions achieve specific improved
eiitenance; ta ks that can replace existing tasks or can be considered as
Altarriatjye M” 5 01 Compliance (AMOC) to existing inspection tasks.
EXEINIIESTOT: Suich tasks are (a) detect a falsely reported hard-landing event
alel ehmln te the inspection required after the event, (b) detect structural
cfe _gm_-g:p at fixed scheduled intervals (S-SHM), (c) indicate need/opportunity
LOrCliange: malntenance planning (turning unscheduled into scheduled
rru] nance) etc.
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Working, definitions and exgmﬁeb
OIEGHE Uhts / benﬁtrs

Tre gz nce credit/benefit functions achieve specific improved
elRten _]f]r ‘rtasks that can replace existing tasks or can be considered as
'\Jzerru.w.-\ Means off Compliance (AMOC) to existing inspection tasks.
EXeipIEstelsstichitasks are (a) detect a falsely reported hard-landing event
arjcl & erl?" e the inspection required after the event, (b) detect structural
cl aglaiefe el tfixed scheduled intervals (S-SHM), (c) indicate need/opportunity.
LOICHANJE maintenance planning (turning unscheduled into scheduled

STic L nance) etc.

—= "'T-'-:.-— =
e -

Tﬁe-operatlonal credit/benefit functions achieve improved operational,
= '_-"“Zmanagement and structural integrity tasks that can replace existing tasks or
“can result in- maintenance planning benefits as increasing inspection
~ ntervals. For example, load and fatigue monitoring functions can be used

- to adjust scheduled task intervals or trigger crack inspection tasks.

-—_l-"
= _—

\

'| |
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Working, definitions and exag;ﬁleg..
O CHE Uhts / bengfits,

Tre gz nce credit/benetit functions achieve specific improved
einten; Jf]r € tasks that can replace existing tasks or can be considered as
'\Jzernuva MEeans of Compliance (AMOC) to existing inspection tasks.
EXelfplEsioffsuch tasks are (a) detect a falsely reported hard-landing event
enarelimin Ate the Inspection required after the event, (b) detect structural
claipplelefelcl atfixed scheduled intervals (S-SHM), (c) indicate need/opportunity.
LORCHENGE Jnaintenance planning (turning unscheduled into scheduled
.m..l}f nance) etc.

= Tﬁ‘e-operatlonal credit/benefit functions achieve improved operational,
— ""Zmanagement and structural integrity tasks that can replace existing tasks or
“can result in- maintenance planning benefits as increasing inspection
=~ jntervals. For example, load and fatigue monitoring functions can be used

- to adjust scheduled task intervals or trigger crack inspection tasks.

® The design credit will be sought to underwrite new designs and materials.
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MSG-3 Document Revision Process

who is the “ATA MSG-3 SHM WG?”

&

AIR TRANSPORT ASSOCIATION
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Courtesy ATA and Lorenz Wenk, Airbus



ATA SHM Working Group
activity kick off meeting

Established initial revision
proposal for S-SHM

September 12-13, 2007
Stanford, CA

Maintenance Programs
Industry Group (MPIG)
Meeting

Defined Industry
accepted methodology

January 8-10, 2008
Memphis, TN

.

International MRB Policy
Board Meeting

Requested further review
of detailed MSG-3
structure procedure steps

April 22-25, 2008
Cologne, Germany

ATA SHM Working
Group meeting

Developed further
detailed S-SHM revision
proposal and initial P/C-

SHM principles

September 16-18, 2008
Hamburg, Germany

Maintenance Programs
Industry Group (MPIG)
Meeting

Concluded on proposed
further S-SHM
methodology

November 18-20, 2008
Washington, DC

International MRB
Policy Board Meeting

Reviewed and accepted
final S-SHM revision
proposal

March 31- April 3, 2009
Sao Jose dos Campos,
Brazil

SG-3 SHM revisionjﬂg,;y.-

'\

MSG-3
Revision 2009.1
Approval

i ATA SHM Working Group
- meeting

Develop further revision
proposal for scheduled task
adjustments &
replacements by SHM

Sep. 29-Oct. 1, 2009
Toronto, Canada

Maintenance Programs
Industry Group (MPIG) International MRB
Meeting Policy Board Meeting

Reviewed further SHM
revision proposal

IP 105

Concluded on

proposed further SHM >

methodology Approval

March 31- April 3, 2009
November 3-5, 2009 Singapore

Bordeaux, France

Courtesy ATA and Lorenz Wenk, Airbus
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WeIKking, definitions and examples
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e aINtENaNCEICHLE UV ENENUNCHORSIECHIEVEISPECIHCNMPIOVEH
el e anCeNaSkSHnaiCaNERIaCEIEXISHNUMASKSIOIRCAlNIEICONISICEIEUS
AlleauveVieansiorComplialiceN(AMOC) OEXISHNYNNSPECUONASKSE
EXATPIESIOIRSUCHNASKSIAENE) Ju ELECIRaNalSEIYAE N OIiE U A= AN GINGREVEN
neelimIeateENNSPECHORNEHYUITED FElEIFiEIEVER t3N([19) SUEIECHSLIUICLUTE

slaimagesaisixed iScheduledNneValsi(SESHIM), (c) indicate need/opportunity.

Lerchiange maintenance planning (turning unscheduled into scheduled

NAINENance) etc.

i e
— T

et =

== SElheroperational credit/benefit functions achieve improved operational,
~ — management and structural integrity tasks that can replace existing tasks or
~— = can result in.maintenance planning benefits as increasing inspection

= Intervals. For example, load and fatigue monitoring functions can be used
to'adjust scheduled task intervals or trigger crack inspection tasks.

® The design credit will be sought to underwrite new designs and materials.



- SHMNA"MSG-3 revision 200954

— e
AVaRSESHIM task: - -~ -

e would be a generic AMM task procedure without Non-
Destructive Test Method (NTM)

e can be carried out with aircraft type rating without
additional training

e uses technology with built in go/no-go determination
capability

— significantly reduces human factors

"'11
= The fixed interval avoids operational issues!
= « No unplanned operational interruptions

« Safe operation within the interval scope per definition

« Potential SHM technology failure will be evident when
performing the task

Courtesy ATA and Lorenz Wenk, Airbus
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WoIking, definitions and examp
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SR hENTaintenance credit/benefit functions achieve specific improved
Meintenance tasks that can replace existing tasks or can be considered as
AliernativerMeans of Compliance (AMOC) to existing inspection tasks.
EXemplesiofisuch tasks are (a) detect a falsely reported hard-landing event
gnureliminate the inspection required after the event, (b) detect structural
pemmeageratfixed scheduled intervals (S-SHM), gg,) Inlelieaiia gl /g genitnllLy
LolChanoeimantenanceplanninepuniingpuascheduledNntorscheduled
MEIRENENCE) FEICH

110
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- 2 T2 ogaradonal eraelit/opaiiE fUnctons cdniava mdiavad ggariaell,
mehagemenisanestiictiial Nte Y tyAteskSith aCan e aCENEXISUIGNASKS 10y
canesul el ntenanceNlannineieNENISIasHCHEaSIUNRSPECHON
NLEVEISISROIgEXamPIEMOEU e U ALY UENNONILORNYNUNCHOISICANMENISE
L0 USTASCHEW U EH ESKANLENR 2] S IOt U U EIFCIACKA NS ECHONRIESKS?

| NEICESIONICHEUNAVIINIEISOUHH ORI EERMVIHIENEWRUESIUNSIENGNTIELENAISS
)
»
Asglraiiion zinel loejiezt 2plel ejecilfor SplVl o fully
UalIZENISICAR IS ENI0S



~ SHMin MSG-3 IP105
— ——_—

SHM Operation Mode
e Scheduled SHM (S-SHM) — from IP92, no change

» Automated SHM - SHM technology which does not have a pre-determined interval at which
maintenance action much takes place, but instead relies on the system to inform maintenance
personnel that action must take place

-

SHM Tecnology Type

e Damage Monitoring System — SHM technology that uses sensors to directly monitor structure
for deterioration conditions

e Operation Monitoring System — SHM technology that uses sensors which do not directly
check the structure for damage, but instead correlate various measurements (e.g. environment
conditions, loads) to make an inference to the probability or likelihood of damage

Courtesy ATA and Lorenz Wenk, Airbus



In MSG-3 IP105 .
—

Riinciple SHM'eValuation proceadure

automated

|

technology
type damage
, monitoring
classic

inspection covers

classic
p— ' inspection
gquiremg

YES
scheduled adjusted scheduled no

MSG 3 rev.2009.1) (IP 105

“"' “scheduled

operation
monitoringl—

Courtesy ATA and Lorenz Wenk, Airbus



Safety margin

Failure

Trend monitoring
and RUL calculation
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WNEVNSC-SHM 1S p rmg AE International Aerosapce
rid(..JHlffl‘-‘r]ro guidelines for the implementation of SHM
PISECTOSECE & ppllcatlon

-+ Tt J_Ir"': or publication 2012

SRNhE group draws on a wide range of OEMSs, integrators, regulators
Jr_l_}; f:ii'np"lt)gy providers

== ‘:'AISCfoverIaps with the ATA MSG-3 revision process via the ATA

—I—F

— ,_;.1_—4_\_/I§G -3 SHM Working Group

—

‘—:TAH'STJ'EC'essfuI revisions and Issue Papers from the ATA working group
- will'be reflected in the AISC guidelines.
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l _s elines for implementation of SHM using wide
jon with Industry, regulator and user
i':e'é

schnology Developers and suppliers must join
-~ ef _,f.ffs present real S-SHM and A-SHM applications
'._,_,.u- Drog osals to Regulatory Authorities in the next couple of
— 'Xears only this will convince all stakeholders of the

= “value of SHM.

=
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_ Contacts and links
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[
x

= "Aerospac

An SfA lternattona/ Group

_,.-

= — ttp //structure.stanford.edu/AISC

AISC-SHM Committee chairman: Peter Foote (peter.foote@baesystems.com)
= Guidelines document sponsor and Chair of Commercial Aviation Working Group:
Grant Gordon (grant.gordon@honeywell.com)

Chair of Military Aviation Working Group: Mark Derriso (Mark.Derriso@wpafb.af.mil)
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