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FAA Webinar Series on Structural Health Monitoring

Module 1 - Introduction to SHM
and Implementation

Part 1 — SHM Background and Motivation Driving Aviation Industry
Part 2 — SHM Implementation, Sensors and Systems

Part 3 — FAA SHM Roadmap, Industry Perspectives, SHM Guidance & Standards,
and Future Prospects

Part 4 — Introduction to SHM Validation and Performance Assessment
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FAA Research Program Webinar Series on Structural
Health Monitoring for Aircraft Maintenance

MODULE 1: Introduction to SHM and Implementation

Background: The FAA (William J Hughes Technical Center (WJHTC) has been
conducting a research program on Structural Health Monitoring (SHM) for
transport category aircraft to support the research needs of the Transport
Aircraft Directorate (TAD). These programs have moved SHM solutions into
the arena of routine maintenance activities with accompanying certification
efforts and flight test programs with airlines and airline requests for SHM
usage in their maintenance programs. The Webinars will be a brief
introduction of that research and include the topics listed below.

Goal: To bring ACO and other FAA people up to speed on SHM and the
prospects of needing to approve SHM for routine use. The webinars will
expose attendees to SHM technology, what’s out there & how mature, what is
the present & expected near-future state of the technology, provide example
SHM deployment via summaries of some of the SHM validation/utilization
programs conducted to date, and present airline perspectives on SHM
utilization.
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FAA Research Program Webinar Series on Structural
Health Monitoring for Aircraft Maintenance

MODULE 1: Introduction to SHM and Implementation

Target Audience: Members of the Aircraft Certification Offices (ACO) and TAD;
particularly program managers and airframe specialists; engineers and
managers. Members of PMI community that will oversee airline maintenance
programs that include SHM deployment.

Webinar Topics:

Introduction to SHM — what it’s about & why is it important to discuss;
overview of what FAA folks should expect to see from an SHM applicant

2. FAA SHM Roadmap - status of SHM technologies (SHM survey, maturity &
airline perspectives on use); issues to SHM implementation

3. [SHM Performance Assessment]— initial SHM program for general fuselage
use (2005-2010 Boeing program)

4. SHM Certification/Approval for Use — validation; OEM approval, FAA
approval (options); sample array of uses identified thus far

5. SHM Deployment — airline perspective (Delta)
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'
3 “’ q Components of FAA SHM R&D Program

1. SHM General Validation — Initial laboratory and field evaluation
(decals) to assess CVM as an inspection tool; program for
modification of Boeing NDT Standard Practices Manual

2. SHM Roadmap - Identify maturity of SHM; plan for certification
& continued airworthiness requirements for safe adoption of
SHM practices

3. SHM for Regional Aircraft — Understand drivers for SHM usage;
airline and non-USA regulatory agency

4. SHM Certification for an Application - Conduct first SHM
certification & integration activity with an operator; establishes
an OEM-airline-regulator process; addition of SHM chapter in
NDT Manual; release of Service Bulletin allowing routine use of
SHM for maintenance action

5. SHM Reliability — Determine optimum means of quantifying
performance of SHM solutions.
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Synopsis of SHM Validation/Utilization Programs
Supporting Safe Adoption of SHM Systems
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Structural Health Monitoring —
Integration into Routine Maintenance
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Motivation for FAA SHM Validation Activities

urrent aircraft maintenance operations require disassembly of
structure, removal of sealant venting of fuel cells or other
disassembly processes which could induce damage to the structure.

« Use of in-situ sensors for real-time health monitoring of aircraft
structures - overcome inspection impediments stemming from
accessibility limitations, complex geometries, and the location and
depth of hidden damage.

* Reliable, structural health monitoring (SHM) systems can
automatically process data, assess structural condition, and signal
the need for human intervention.

« Structural health assessments can occur more often, with significant
time savings.

 Federal Aviation Administration is addressing these the safe
adoption of SHM practices through a series of SHM validation
programs.

« Assess what regulatory guidance is needed to assure the safe
incorporation of SHM through formal certification programs.
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'Motivation for FAA SHM Program

« Ad-hoc efforts to introduce SHM into routine aircraft maintenance
practices are valuable. However, there is a significant need for an
overarching plan that will guide activities to uniformly and
comprehensively support the evolution and adoption of SHM
practices.

 SHM evaluation and deployment plan - needs input from OEMs,
regulators, operators, and research organizations so that the full
range of issues is appropriately considered —» roadmap document.

* Need guidelines for sensor and SHM system designers.

* Need guidelines, or agreed-upon procedures, for assessing the
performance of SHM systems or certifying them for use on aircraft.

« Must identify SHM research needed to fill in critical information gaps.

 FAA SHM Program supports the safe adoption of SHM practices and
allow OEMs, regulators, and carriers to make informed decisions
about the proper utilization of SHM.
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Structural Health Monitoring Dates Back Many Years

| OKAY...ITS SAFE
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Definition is somewhat agreed upon. Usage and
deployment covers a wide range of thoughts and options.
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' SHM - Wikipedia

Structural - offers an account of what a system is made of: a configuration of
items, a collection of inter-related components; lattice featuring connections
between components that are neighbors in space

Health - level of functional and/or metabolic efficiency of a living being

Monitoring - to be aware of the state of a system (performance, deformation,
competence)

Structural Health Monitoring - process of implementing a damage detection
and characterization strategy for engineering structures to detect changes
that adversely affect the system’s performance

Definition is somewhat agreed upon. Usage and
deployment covers a wide range of thoughts and options.
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What is Structural Health Monitoring ?

SHM refers to the broad concept of assessing ongoing, in-service performance of
structures using a variety of inspection techniques.

+ The core of the technology is the development of self-sufficient sensor systems for the
continuous inspection of structures with minimal labor involved.

 The aim is not simply to detect structural failure, but also provide an early indication of
physical damage to define remedial strategies before the structural damage leads to
failure.

System Identification

Structural model update
Structural condition assessment
Prediction of remaining service life

Data ’
acquisition _/

Data transfer
~and storage

Data
_ Management
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STRUCTURAL HEALTH MONITORING (SHM) ARCHITECTURE
OPERATIONAL MONITORING DAMAGE MONITORING

Fatigue Fatigue damage |
Monitoring sensing
~N
Incident Environmental
Monitoring damage sensing |
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Environmental Acmdental-
Monitoring ] damage sensing
\. V . J
OUTPUTS
Usage Advisory Inspection
Evaluation Indication Result
BENEFITS

Inieava Rendis Increase Reduce Reduce Weight, InEreaas
P ~ep Inspection Inspection Time Cost & . Life Extension
Planning : Residual Value
Intervals and Cost Downtime

Direct Maintenance Cost Direct Operating Cost Ownership Cost
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Typical A-Scan Signals Used for
Flaw Detection with Hand-Held Devices
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Typical Aircraft Flaw Scenarios

 GComposite'SKin Disbonded
it from Hongy

Potential Uses:

« Aft Pressure Bulkhead
Substructure

Wiring

Flight loads monitoring
System response
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Required Relationship Between Structural
Integrity and Inspection Sensitivity
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Distributed Sensor Networks for
Structural Health Monitoring

Smart Structures: include in-situ distributed sensors
for real- time health monitoring; ensure integrity
with minimal need for human intervention

 Remotely monitored
sensors allow for
condition-based
maintenance

« Automatically process
data, assess structural
condition & signal need
for maintenance actions

« SHM for:
> Flaw detection
> Flaw location
» Flaw characterization
» Condition Based
Maintenance
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' Structural Health Monitoring

Structural Structural Models L:ﬁgs
Damage Sensing and Envi
. 9] nvironmental
(in-situ NDI) Analyses Monitoring

SHM for:

 Flaw detection Reasoner
* Flaw location

* Flaw characterization

* Condition Based Maintenance

/
/
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The Trouble with Math or.....
How do we calculate DT ?7?

iculty in loads assignment, stress and fatigue calculations produces demands on NDI -
“You want me to find a flaw where, and how small??”

Difficult Conditions

Lots of Rapid Data
Interpretation
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' NDI vs. SHM - Definition

ondestructive Inspection (NDI) - examination of a material to

determine geometry, damage, or composition by using technology that does not
affect its future usefulness

* High degree of human interaction
* Local, focused inspections
* Requires access to area of interest (applied at select intervals)

Structural Health Monitoring (SHM) — “Smart Structures;” use of NDI

principles coupled with in-situ sensing to allow for rapid, remote, and real-time
condition assessments (flaw detection); goal is to reduce operational costs and
increase lifetime of structures & mechanisms

« Greater vigilance in key areas — address DTA needs

« Overcome accessibility limitations, complex geometries, depth of
hidden damage

- Eliminate costly & potentially damaging disassembly
* Minimize human factors with automated data analysis

The use of in-situ mounted sensors and analysis to
assess structural or mechanical condition.
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&7 Technical Center

Potential Benefits of SHM

Near-Term

- Elimination of costly & potentially damaging structural disassembly
 Reduced operating and maintenance costs

« Detection of blunt impact events occurring during operation

* Reduction of inspection time

« Overcome accessibility & depth of flaw impediments

- Early flaw detection to enhance safety and allow for less drastic and less
costly repairs

* Minimized human factors concerns due to automated, uniform deployment of
SHM sensors (improved sensitivity)

* Increased vigilance with respect to flaw onset

Long Term
« Optimized structural efficiency (weight savings)
 New design philosophies (SHM designed into the structure)

« Substitution of condition-based maintenance for current time-based
maintenance practices

P2 FAA William J. Hughes @ St
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Part 2 — SHM
Implementation,
Sensors and Systems
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of Uses for SHM Systems
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q-Wide Range of Uses for SHM Systems
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30% of 600,000 bridges in
U.S. are listed as
“structurally deficient”
(Fed. Highway Admin. Nat.

Bridge Inventory)

Brandywine River Bridge
Interstate Highway 95
Delaware Majority of RR bridges in
U.S. are operating beyond
their initial design life
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Sample Infrastructure Repair and

-

- Health Monitoring Needs

ASCE 2006 Report on U.S.

Infrastructure (ranges from
roads to hazardous-waste

systems):

» Gives the country a grade of “D”

« Warns that “rotting”
infrastructure poses risks to
safety & economic growth

* Urges wholesale changes
including increased R&D

. Thecollapse of
Miapus River Bridg:

“Even modest gains in the efficiency of construction and repair could yield huge
overall savings.”

-Tom Warne, Chairman

Transportation Research Board

FAA William J. Hughes ﬁ:?igﬁal

Technical Center Laboratories




Sample Infrastructure Repair and

Health Monitoring Needs

AN

Wik

L%

Monitor and
Reinforce Bridges

Washington DC Transit
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Is Structural Health Monitoring a
Viable Alternative Today?

'
>

« Evolution of miniaturized sensors & supporting technology
* Design of turnkey systems with reasonable costs

« Ability to monitor new & unexpected phenomena (new inspection
needs; DTA and rapid flaw growth)

 Promise for technical & economic gains more clearly defined

« OEM willingness to explore SHM merits

 Long-term prognosis -
» Complete health assessment with network of SHM “nerves”
» Automated data transmission (real-time monitoring; alarms)
» Embedded sensors (MEMS)
» Improved diagnostics using neural networks (historical data)
» Direct ties to maintenance planning and actions
» Reduction in life-cycle costs

@ FAA William J. Hughes @ i
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Potential Functions of SHM Systems

Structural Health Monitoring

I v
Damage Detection Using Usage Monitoring Direct Damage/Usage Monitoring
Dedicated Sensors or Indirect + Thresholds & Algorithms
Fatigue Damage Detection Load Monitoring L, Damage/Fatigue Monitoring
Accidental Damage Detection Usage Monitoring Exceedance Monitoring

Environmental Damage Detection Environmental Monitoring Corrosion Monitoring

| l

.

System Inspection Usage Exceedance Inspection/
Data Outputs Data Data — data Fatigue Data
S)(')sltlin:lg.se Adyvisory J
puts: data
Adyvisory, L Design
Assessment & v Y Information.
- Algorithms.
M?;Il?tgelll?:nt Maintenance Management Decision e
P Instructions Instructions Making ) Resources.

&% FAA William J. Hughes
& Technical Center

@ Sandia
National
Laboratories



Deterministic vs. Derivative Sensors

Deterministic sensors produce direct flaw detection & flaw growth
Examples: CVM, EC, cMUT, Corrosion, Fiber Optics, PZT

Derivative sensors require calibration & produce indicators (follow-up NDI needed)
Examples: Force, Accelerometer, Temperature, Pressure, Strain

Load Cells - Load monitoring could be used for design credits (structural
optimization) and/or operation credits (modify maintenance program)

Strain Sensors — Can determine excess strain levels but subsequent NDI visit is
required to determine if strain readings correlate to damage

e —

Thermocouple

Pressure
Transducer

Strain Gages

Accelerometer °
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* ﬂ SHM Deterministic Sensors

Flexible Eddy
Current Arrays

Macro Fiber
Composite (PZT)

Comparative Vacuum
Monitoring Sensor

Ultrasound Wave Au Electrode
ey SiNx
Capacmve //ﬁ Membrane
Micromachined
Ultrasonic II Probe Face
Transducer (cMUT) 3

Silicon

Section View Substrate
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Sample SHM Sensors

i

Magneto Elastic

Cumulative Environmental Active Sensor Remote Field ddy
Current Sensor

Corrosion Sensor

Steel sensing
wire

Sensing
cail

SMARTape Membrane
Deformation Sensor

— Refarence
Direct

= .- coil
i Measurements
Spot-Weldable Strain Sensor Wireless Corrosion Sensor
Strain Gauge
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Sample SHM Sensors

PZT Strain gage

Fiber Optic Sensors
Unpowered Wireless Photocell
Strain Sensor
Resistor
pHEMT
Patch
Mountable Eddy
Current Sensor for Kapton
Crack Detection
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Sample SHM Sensors

Passive Sensory
Resonant Sensor

Hﬂ!!_!“lb* s

- ——— —— - ——-
|
|

“'n L ——

FERIEE I BARTK

Smart Fastener

ZT Paint
on Sensor
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SHM Information — Minimize
Intrepretation or Data Analysis

 Automated data analysis is the objective — produce a
“Green Light — Red Light” approach to damage detection
* Final assessment and interpretation by trained NDI

personnel
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V

o~ SHM Impediments & Challenges

ost of sensors and sensor systems
Ease of use and coverage area
Need for rapid customization of sensors

Need for substantial business case (cost-benefit analysis) — operators must realize
benefits of multi-use

OEMs may need to own technology
Small-scale damage must be detected in large-scale structures

Validation activities — general performance assessments needed; reliability of SHM
systems must be demonstrated

Validation activities — field trials on operating aircraft is necessary but time
consuming

Certification — need to streamline specific applications; technical, educational and
procedural initiative (OEMs, operators, regulators)

Standardization needed for validation and certification activities

Technology transfer and implementation requires changes in maintenance programs

7. % FAA William J. Hughes @ ﬁg?iglr?al
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SHM Implementation

Issues to Consider
 ldentifying “hot spots”

* Local vs. Global Potential Uses:

« Sensor performance (sensitivity, reliability, durability) + Aft Pressure Bulkhead
» Fail-safe operation . SL_qustructure

+ Ease of installation & operation (human factors +/-) * Wiring

Flight loads monitoring
System response

e Economic drivers

Applications — recent study found 24 applications, with economic drivers,
on one aircraft type

Cracks in
Posts

Cracks in
Frame Cap
Angle

SHM utilization is still being formulated but
successful performance assessments & flight

FAA William J. Hughes history are rapidly increasing — @ ﬁaa't'igﬁal
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SHM Systems in Action

Inner ffame

Intelligent Vehicle

3%

Maintenance Activity & Data

Rapid‘Maintenanc@ Health Lﬁ(sééss,[ﬁ’ent—s
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Fiber Optic and Piezoelectric Sensor Systems

Multi-Ply Boron-
Epoxy Doubler

“PMetalt” Embedded and peripheral

aren = .

Structure monitoring for cracks,
corrosion, and disbonds

Discrete Grating Sensors
with Shear Sensitivity

Structure

[ A~ )
. A
7, 4
2 4
i A

Technical Center

Metal “Parent’

Chirp Grating

i i Multi-Ply B \ > Sensor
Fiber Optic Bragg Sensors  Mult-Ply Boror- N\ (o)

, Structu Applied Stress
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Voltage (V)

Crack Detection & Growth Monitoring

with Piezoelectric Sensors
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Crack Detection & Growth Monitoring
with Piezoelectric Sensors
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Disbond Detection & Growth Monitoring
with Piezoelectric Sensors

Piezoelectric Sensor Network

Damage Detection

1 2 3 4
‘L —_— 0 @ @
Damage Idfntification 4_S_e_t:s':t:l; ?ff‘;"_ ___—Structural Flaw
Residual Strength Evaluation @ @ @
] Actuation Signal g1 =l s
Assessment for Continued Use se."s°rlA°t”:t°r e
Blue = Signal Through Good Bondline Region 9 10 11 12

\ Red = Signal Through Disbond Region
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Disbond Detection & Growth Monitoring
with Piezoelectric Sensors
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Fiber Optic Bragg Sensor Systems

Multi-directional strain
monitoring using a
birefringement fiber

(difference in index of

refraction along
orthogonal directions)
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q Fiber Optic Bragg Sensor Systems

Multi-directional strain
\\K monitoring using a
Teflon _—p» V25— birefringement fiber
4L I R C (difference in index of
Th. 1 + i refraction along
ou 0Ty 3.00 % orthogonal directions)
A 0.5 | _~ Mold
" . «| Release
P v 625
l i 0.5” min~
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Health Monitoring with Fiber Optic Sensors
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Corrosion Imaging with MWM
Mountable Sensors
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‘ Corrosion Imaging with RFEC

Carpet Probe Sensor

Image Produced by Sensor -
20% Material Loss

Second Layer Corrosion
0.040” thick skins
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Smart Mountable Eddy Current Sensor (SMECS)

Coil properties affect performance — coil dimensions (area, turn
radius), material used in coil, tracing pitch, number of layers
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EC Sensor Design Parameters

Design of the coil is determined by the inspection requirements —
spatial resolution, sensitivity, desired coverage area, depth of
penetration (lift off), material being inspected (conductivity)
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Fixed Deployment - Noise Reduction for
More Reliable Crack Detection

Sensor planar coil produces large coverage area - eliminates the need
for manual scanning of the structure. Scanning techniques can
introduce noise into the measurement (probe wobble)

Examples of Crack Detection
Signals From (a) Fixed Sensor,
(b) Scanning Probe
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sensitivity using manual inspection

crack - greater sensitivity permits early detection

size
Noise Reduction
---------- ----- sensitivity using mounted sensors Improves Flaw
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SMECS Microcontroller

C coil is driven by an impedance integrated circuit with A-to-D
converter

« LC resonant circuit used to detect changes in the coil’s impedance
« Two detection circuits and two calibration circuits to facilitate analysis

- External real-time-clock (RTC) is used to wake up the system at pre-
selected interrogation intervals to make measurements

Detection Circuitry
LED Array

Impedance

Integrated Circuit

Patent Pending
Niiappabdiughe Programming Port @ Souka
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SMECS System Performance Testing

—<— Crack Length -

Optical Microscope

120000 || —e— Crack Length - Eddy Current Pencil Probe
| | —®— Crack Length - Eddy Current Spot Probe
—&— Crack Length - Eddy Current Mountable Sensor
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Crack Length (in.)

SMECS Sensor

EC Pencil Probe

EC Spot Probe
6” Scale

| Comparison of Crack
' Lengths Measured by Four
| Different NDI Methods
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q Conclusions on SMECS and SHM Approach

« Health monitoring of structures is a major concern especially in the case of aging
aerospace and civil structures (operate beyond design life)

« Smart Mountable Eddy Current Sensor (SMECS) - provides a wireless, battery-
operated, non-contact, in-situ sensor network for real-time detection of surface
and subsurface cracks

« Sensors must be low-profile, easily mountable, durable & reliable
« Calibration for flaw identification (damage signatures) is key

- Ease of use allows for more frequent inspections — minimize repair costs through
early detection of structural damage

 SHM can decrease maintenance costs (NDI man-hours; disassembly) & allow for
condition-based maintenance

« SHM may be a desirable alternative to meet new inspection requirements or to
address unexpected phenomena

« Extension to automated SHM networks shows promise for increased technical &
economic gains

« Overall performance, integration, and long-term operation needs to be proven
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Embedded Piezoelectric Sensors on Filament
Wound Vessels - Detection of Impact Damage

Visualization methods can locate and size flaws

Before Damage
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Comparative Vacuum Monitoring System

» Sensors contain fine channels - vacuum is applied to embedded
galleries

* Leakage path produces a measurable change in the vacuum level
* Doesn’t require electrical excitation or couplant/contact

500 Crack Detected (vacuum unachievable)
40 m
200 No Crack (vacuum achieved)
d

\/\\/‘\//\/\/\/\

Pressure (Pa)

CVM Sensor Adjacent to
Crack Initiation Site

Sensor Pad
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CVM Success on CRJ Aircraft

ilot program with Bombardier and Air Canada
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Sensor Issues:

* Design

» Surface
preparation

* Access

* Connection
* Quality control
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Real-Time Structural Health Monitoring Using
Distributed CVM Sensor Networks

System Installed On Vertical |
Truss Member 100’ Above Road Deck

Wireless Data

Controller for Transmission

Sensor Monitors

Z \ Senso/r Network
() e e ' — N
Visual Alarm oNSa o -l _
Indication =y Xem Real-Time, Remote
= Monitoring System

for a Network of
CVM Sensors

Audible
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e _ CVM Sensor Network Applied to
} 737 Wing Box Fittings
Alternate Means of e (5 =

Compliance with Current
Visual Inspection Practice
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Application of SHM to UAV Operation

Detect local delamination using
NDE techniques

Resonance Frequency

FAA William J. Hughes
Technical Center

Avoid unstable aerodynamic
condition - convergence of
torsion and bending modes

1st Torsion Skin delamination can lead to drop

in torsion frequency

Merge of torsion

and bending
modes leads to
FLUTTER!!
1st Bending
1 >
Airplane Speed P
Flutter speed
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Part 3 — FAA SHM Roadmap,
Industry Perspectives,
SHM Guidance & Standards,
and Future Prospects
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T~
o FAA SHM R&D Roadmap:
- Introduction and Background
« SHM sensors have been demonstrated to reliably detect

damage in laboratory environment and in a few commercial
applications

« Commercial implementation of SHM needs to be proven
(produce the same reliability as current maintenance practices)

» |dentified need for standardized procedures and
implementation of SHM technologies prompted the
establishment of the AISC SHM (primary goal: Standardization)

- Data requirements need to be established for determining the
applicability of SHM (boundaries) and for meeting certification
requirements.

« Effects on regulatory measures are important — Where are we
now? Where are we heading? How do we get there?

Need for an overarching plan that will guide
activities and comprehensively support the Sandia
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&) Technical Center safe adoption of SHM practices @ il




'

Goals of SHM Research and Development (R&D) Roadmap

% FAA William J. Hughes @ ﬁg?iglr?al
& Technical Center

Produce overarching plan that will guide activities to uniformly and
comprehensively support the evolution and adoption of SHM practices.

To define what the FAA needs to enable the insertion of SHM in
commercial transport airplanes including fatigue monitoring, corrosion
and wear assessments, and condition based maintenance.

Assessing what regulatory guidance is needed to ensure their safe
incorporation in future certification programs.

Will be used by the FAA to assess the state of SHM and define a program
to assist them in developing SHM certification and continued
airworthiness requirements.

Set guidelines for assessing the reliability and maintainability of SHM

SHM Roadmap will support the safe adoption of SHM practices and allow
OEMs, regulators, and carriers to make informed decisions about the
proper utilization of SHM.

Laboratories



 Subtask 1: Assessment of SHM: Determine the current state of SHM for
commercial aircraft; applications, utilization & safe adoption

« Subtask 2: Identify Technologies and Implementation Schedule: Identify
candidate SHM technologies that may be implemented

« Subtask 3: Review Certification and Airworthiness Requirements:
Determine certification processes that are technically and
administratively agreeable to the regulatory agencies.

« Subtask 4: Identify Gaps and Technology Requirements: Identify gaps
that may prevent the implementation of SHM [design, manufacturing,
durability, POD, ease of use, spatial resolution]

« Subtask 5: Develop SHM R&D Roadmap: Identify R&D tasks that are
needed to enable the FAA to evaluate and assess SHM technologies for
certification and continued airworthiness requirements.

G- % FAA William J. Hughes @ ﬁg?iglr?al
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Work Plan to Develop SHM Roadmap (cont.)

« SHM Technology Readiness Database
* Industry survey (web-based)
« Solicit position papers from leaders in SHM community worldwide

 Site visits and interviews with OEMs, operators/MROs, regulatory
agencies, research labs, SHM developers —

> assess ability to adopt SHM including business case
> determine requirements for certif. and continued airworthiness
> determine SHM capabilities and costs

 Interfacing with the AISC SHM (especially SHM Guidebook effort)

Need input from OEMs, regulators,
operators, and research organizations
so that the full range of issues is
appropriately considered

7R FAA William J. Hughes @ St
% Technical Center Laboratories




End Use of FAA SHM R&D Roadmap

 Recent advances in health monitoring methods have produced viable
systems for on-board aircraft inspections

« Sensors must be low-profile, easily mountable, durable & reliable

 Roadmap can provide uniform approach for industry — OEMs, airlines,
regulators, SHM developers

« SHM R&D Roadmap will assist the FAA in developing SHM certification
and continued airworthiness requirements

> Develop guidelines for regulatory needs
» Advisory materials for the implementation of SHM systems

> Set guidelines for assessing the reliability and maintainability of
SHM systems

» Provide guidelines to allow the FAA to evaluate changes to
maintenance practices stemming from SHM usage

» Provide guidelines to allow the FAA to evaluate any changes to
design practices stemming from SHM usage

» Standardize terminology for SHM

@ FAA William J. Hughes @ i
& Technical Center Laboratories



FAA SHM R&D Roadmap

HM sensors have been demonstrated to reliably detect damage in
laboratory environment and in a few commercial applications

* Need for an overarching plan that will guide FAA activities (regulatory
needs) and comprehensively support the safe adoption of SHM
practices (initial use and continued airworthiness)

SHM Survey of Aviation Industry

Goal: To solicit input from aircraft manufacturers, regulators, operators,
and research organizations to identify the current status of SHM
technology and the issues facing the aviation industry to safely adopt
SHM practices.

> Used responses to 50 questions to obtain industry information on
SHM deployment & utilization, validation & certification, SHM
standardization, sensor evolution & operation, cost-benefit analysis,
& SHM system description

> 455 responses obtained including relevant numbers from OEMs,
operators, and regulators

G- % FAA William J. Hughes @ ﬁg?iglr?al
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SHM Survey of Aviation Industry - Respondents

Owners/Operators OEMs Regulators Maintainers
All Nippon Airways | Airbus Air Transport Aerotechnics Inc
American Airlines Astronics-Adv. Electronic Association Air New Zealand
Austrian Air Force Systems CAA -NL China Airlines
China Airlines Avensys Inc. CAA - Bra Christchurch Engine Centre
Continental BAE systems EASA Fokker Aircraft Services B.V.
Airlines Bell Helicopter Textron FAA Fuji Heavy Industries, Ltd.
Delta Air Lines Boeing NAVAIR Jazz Air LTD
Federal Express Bombardier Aerospace NAWCAD Lufthansa Technik AG
Finnair Cessna Aircraft Company Transport Canada NASA
Hawaiian Airlines Dassault Aviation (TCCA) Olympic Airways Services
Japan Airlines EADS Military Air Systems USAF S.A.
Jazz Airlines Embraer US Army SAA Technologies
Jet Blue Airways Goodrich USCG SR Technics Switzerland LTD
Kalitta Air LLC Honeywell US Navy Texas Aero Engine Services
NASA Lockheed Martin Aeronautics Timco / GSO
Qantas Airways Messier-Dowty United Airlines
Singapore Airlines Mistras Group, Inc USAF
Swiss Air Polskie Zaklady Lotnicze Sp. US Army
United Airlines PZL Swidnik USCG
US Airways Rolls-Royce Corp US Navy
USAF Systems & Electronics, Inc.
US Army TecScan
USCG
US Navy

+ Over 100 SHM developers and research organizations

-2 FAA William J. Hughes
7 Technical Center
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SHM Survey Results — Viability & Airline/OEM Usage

SHM Anticipated in the Near-Term (Now

Viability of Using SHM as an -5 yrs)
Alternative Solution to NDT

21.3%

85.2%
14.8%

17.3%

SHM Anticipated in the Long-Term (5 -
8 yrs)
56.6%

Local (identify problem
B spots and place sensors

B Yes in specific locations)
 No Global (place array of
) BN sensors to produce area
BN | don't know inspection coverage)
44.4% _
= % FAA William J. Hughes ﬁ;}gﬁal
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What type of operational events or damage would

SHM Survey Results — Damage to Be Detected

you like to detect using SHM?

37%

|
A
2

40 % +—

20 % —

0%

|.m

S5E

358

None —m—
Other (Specify)

Chemical Exposure

Erosion

Electrical Malfunctions

Ground Support
Equipment Damage
Porosit

Systems Operation
Parameters or Problems

Mechanical Malfunctions

Loss of Torque
Coating Integrity
Unknown Phenomena

Fluid Ingress
Environmental
Damage

Heat Damage

Corrosion By
Products

Repair Flaws

Lightning Strike
Collapsed or Crushed
Honeycomb Core

Stress Levels
Impact

Corrosion

Disbonds

Delaminations

Cracks
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Areas Respondents Feel SHM Solutions are Viable

644 %
644 %
59.3%
59.3%

Fuselage Pressure Bulkheads
1

Fuselage Frames and Stringers
Wings Ribs and Spar

Main Attachments

Fuselage Skin 56:3 %
Landing Gear 56t3 T4
Wings Skin I 46.7 %
Empennage : 452 %
Substructure '43.7 %
Fuselage Keel Beams 4;..’.2 %
400%

Fuselage Cutouts

Fuselage Doors

Controlsurfaces

Over 200 applications listed

Engines
Wing Planks

Fuselage Other

Wings Other

Rotor Systems

Nonstructural Systems

PowerTrain

Other (Specify)

Sensor development agrees — both
metals and composites

None 15%

0 20 40 60 80
Number of Responses

FAA William J. Hughes
Technical Center
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’op four perceived impediments to deployment of
SHM on aircraft (OEMs, Operators, MROs)

1) Cost-benefit
2) Coverage area is small compared to size of structure
3) Overall performance assessment and validation of technology is needed
4) Certification for use
(installation, durability, adaptability, adoption, training)

30.4%

Transitioning to SHM
3.5%

I Yes
N No

f—" Sometimes - considered
1.7% on acase-by-case basis

Initially, would
requlators and aircraft
manufactures require Issue is being

SHM to run in parallel 4 500 e st

with existing NDI Issue is to be
. . I determined (has not
inspections? . been addressed yet)
7.0 /° Do not have sufficient

B experience
with SHM to comment

52.2%
Sandia

FAA William J. Hughes National
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SHM Industry Survey — Cost-Benefit & TRL

Top five cost-benefit considerations of an SHM solution:

1 Elimination of structural teardown to access regions to be monitored
Recurring cost of SHM sensors

Initial cost of SHM equipment

Time required for validation/qualification

Compliance requirements - existing or future needs

IalxIwWIN

« 55% of aircraft operators, maintainers, and military personnel
say that 5 years is a reasonable payback period for recouping
the cost associated with using an SHM system

. 310 2 . | Respondent’s SHM
31% say 2 years is reasonable System Costs

0
Technology Readiness 8% less than $1,000
28% between

43% have been through initial laboratory tests $1.000 and $8.000

37% had laboratory performance evaluation
9% have had field evaluation

7% have complete validation of SHM system
7% proven and ready for aircraft

21% between
$8,000 and $16,000

31% greater than $16,000

G- % FAA William J. Hughes @ ﬁg?iglr?al
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31.3%

Yes - performance data
B acquired independent of
regulator or OEM could...

Mo-0EM and/or regulator
2.6¢ B mustapprove a formal
' test program in advance

4 Sometimes - conzidered
4.0 == on acasa-by-case basis

SHM Industry Survey —
Operation & Certification

|ssue is being
B determined now {SHM
initigtive underwa
10.4% _ v
|szueis tobe

B determined (has not
been addressed yet)

Cio not have sufficient
I =xperience
with SHM to comment

27.8%

Who should apply for or own SHM
based maintenance credits?

33.0% 23.5%

Would you accept performance
data from operators/vendors

35% lindustry groups/military or
require the regulatory agency/
OEM to be involved in a formal
16.5% test program?
17.4% Barcraft

S Manufacturer (OEM)
B Aircraft Operator

Third Party (e.g.. SHM
B System or HUMS OEM,
Eng Consulting Firm)

0
29.6% s Ay of the sbove,
depending on credit
I Mo opinion i
FAA William J. Hughes - ﬁ%g:?al
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LY

Certification (FAA and
OEM approval process)

Laboratory and field
validation (sensitivity, ..

Sensor design with
aviation use in mind

SHM system design with
aviation use in mind

Where do OEMs and Owners/Operators think
Standardization and Guidelines are Needed and Feasible?

SHM maintenance and
continued airworthiness

SHM for Condition Based
Maintenance (CBM)

SHM deployment (installation
and implementation)

Training

Requirements to eliminate
or extend inspections

Cost-benefit assessments
including risks

Controlled introduction
to service

None

|
20% 40 % 60 % 80 % 100 %



Sensors (sensitivity,
accuracy, vanability, ..

SHM valdation

SHM integration

Regulatory guidance

Signal processing and
data interpretation

SHM electronics (size,
weight, cost, relability)

Education (operators,
OEMS, regulators)

SHM design tools (i.e.
the tools needed to analyze._.

Spatal resolution of
sensors and attaining..

Training

Tools to accommodate
integration of SHM into_.

Study of trade-offs
incurred through_.

None

0%

What Type of Research and Development do OEMs and
Owners/Operators think is needed to evolve SHM systems to
where they can be used on aircraft?

347%

I
20 % 40 % 60 %

80 %



5.7%

What the Industry
Survey Revealed

on Sensors 26.2%

How much data interpretation is
required of the sensor output?

24.6%
2.5%

19.7%
24.6%
= 28.7%
@7R FAA Willlam J. Hughes
\.j Technical Center

14.8%

B Numencal values

Red or green h
= [lil’lﬂeﬂ'ﬂﬂif
‘no-flaw” indicabion)
Analog waveform or
B other signature
display (A-scan)

Two-dimensional
— image (C-Scan)

B Other (please specify)

29.5%

23.8%

How are the results presented to the
operator?

Deterministic - direct
B read out indicating the
presence of a flaw or ...
Comparison with
e previously-acquired data
Is
required (calibration)

Use of data fusion
- from other sensors

Use of algorithms
N to reduce data &
armmiveatconclusion

Smart Patch
Sensor System

B Other (please specify)

Sandia
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Some Survey Results from Sensor Developers

Does the sensor have a fail-safe Does the system contain
feature which will prevent the a built-in self-diagnostic
acquisition of faulty data from a capability to
damaged or failed sensor? automatically interpret
the data?
52% Yes
48% No 60% Yes
40% No
26.3%

What is the estimated cost per sensor?

o <$10US.

s $10 - $100 USD 13.7%
wm= >$100 USD
= Other 49.5%
10.5% _
@7R FAA William J. Hughes Sandia

National
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q Technology Readiness Level (TRL)

 TRLs were adopted as a method for ranking technology/systems through
the development stages

« Mimics TRLs used by NASA & military - this classification system clearly
defines benchmarks, direction and maturity of emerging technologies

 TRL 1 - Physical principles are postulated with reasoning
* TRL 2 - Application for physical principles identified but no results

 TRL 3 - Initial laboratory tests on general hardware configuration to
support physical principles

* TRL 4 - Integration level showing systems function in lab tests
 TRL 5 - System testing to evaluate function in realistic environment
* TRL 6 - Evaluation of prototype system

 TRL 7 - Demonstration of complete system prototype in operating
environment

» TRL 8 - Certification testing on final system in lab and/or field
 TRL 9 - Final adjustment of system through mission operations

% FAA William J. Hughes @ ﬁg?iglr?al
82?9 Technical Center Laboratories



TRL currently peaks at 4
(centered around 3-6) - some
technologies have reached full
prototype systems designed

for use on aircraft (7)

Percentage

50%
40%

30%

20% -
10% -

0% -

TRL Distribution vs Year

40.00%
30.00%
20.00%
10.00%

0.00%

TRL Value

7R FAA William J. Hughes
7 Technical Center

Overall SHM TRL Distribution

B Agregate SHM

TRL level

Shift in TRL (Ift to rt)
—shows advancing
2009 SHM technology;
m 2008 some should arrive
w2007 atTRL 7-9 in the next

. 3-5 years
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' Overview of SHM Readiness

Overall, there is a strong interest in SHM — multitude of applications
covering all aircraft structural, engine, and systems areas

* Industry’s main concern with implementing SHM on aircraft is achieving
a positive cost-benefit & time to obtain approval for SHM usage

« Research and development efforts should be focused on: global
systems, sensor technology, system validation and integration, and
regulatory guidance

« Standardization and guidelines are needed in certification, laboratory
and field validation, and sensor design with aviation in mind

« SHM should run in parallel with current NDI inspections for a period of
time

» Industry would use SHM to detect cracks, delaminations, disbonds,
corrosion and impact among others

* There is a wide variety of SHM sensors currently developed that have
shown potential in aircraft applications. SHM maturity has grown
exponentially so desired usage and need for certification is expected to
rise rapidly.

- - ndia
(i FAA William J. Hughes ﬁgﬁgnm
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- FAA Regulatory Guidance &
Aircraft Certification Process

« Use of SHM can be fostered through the addition of SHM solutions in
FAA and OEM documents —

> Federal Aviation Regulations (FARSs),
Advisory Circulars (ACs)

Airworthiness Directives (ADs)

Service Bulletins (SBs)

Advisory and Rulemaking Committee Orders

Supplemental Type Certificate (STC) - issued by FAA to
accommodate design mods; can be airline or someone other than
holder of TC

> Alternate Means of Compliance (AMOC)
> Supplemental Structural Inspection Documents

« Validation requirements established by FAA, OEM, airline, and other
agency teams — goals, usage and approach to be determined up front

Vv V.V VYV V
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SHM Validation — Certification and Future Use

How is SHM Being Used - Future applications for SHM go
beyond S-SHM and into prognostic and condition-based health
monitoring. The ATA and industry team is currently
determining the guidance needed to modify scheduled
maintenance via the introduction of P-SHM and C-SHM. Such a
shift to predictive and continuous monitoring will require
extensive validation and successful in-service experience so
that regulatory agencies and operators can acquire confidence
in these SHM approaches.

A/C Maintenance Practices

Deployment — operational performance

Regulatory actions — depends on certification process (AMOC,
NDT SPM, SB/AD, STC)

> - ndia
G- % FAA William J. Hughes ﬁgtional
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Aerospace Industry Steering Committee on
Structural Health Monitoring (AISC SHM)

First meeting of AISC-SHM
Stanford University
Palo Alto, CA
October 2006

20th meeting of AISC-SHM
OGMA MRO
Lisbon, Portugal
April 2016

w » - FAA William J. Hughes
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ﬁsion 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 and military aerospace applications through
the development of standards, procedures, processes
and guidelines for implementation and certification of
SHM technologies.

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

> International efforts among various organizations:
OEMs: aircraft manufacturers
Airlines/Operators and their representatives
Regulatory Authorities

System Integrators

Developers / Research organizations

Military

VVVVYVYVY

672 FAA William J. Hughes
%’ Technical Center

Sample Members:
Airbus (EADS)
Air Force

BAE Systems
Boeing
Bombardier
Cranfield Univ.
Delta Air Lines
EASA
Embraer

FAA

GE

Honeywell
NASA

Navy

RIMCOF
Sandia Labs
Sikorsky
Stanford Univ.
Univ. of Tokyo

@ Sandia
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AISC-SHM Organization and Responsibilities

G-11 SHM

' Aerospace Industry Steering Committee for Structural Health Monitoring
Committee structure

AISC -SHM Main Technical Committee

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

AISC -SHM Executive

Officers, industry/ institutional -

representatives, chairs of
SAE representative.

Working Groups

Commercial Aviation Military Aviation Rotorcraft SHM Reliability
Working Group Working Group Working Group Working Group
Sandia

< .9 FAA William J. Hughes National
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AISC-SHM Mission

e mission of the AISC-SHM is to provide

an approach for standardizing integration

and certification requirements for SHM of

aerospace structures, which will include

system maturation, maintenance, SAE/crospace  AEROSPACE o mowm
An A8 sl Goup RECOMMENDED

validation and introduction into accepted - PRACTICE =
m ai nte n a n ce p ra ct i ces n Guidelines far Implementation of Structural Health Maonitoring on Fixed VWing Aircrafy

RATIOMALE

The development of Structural Health Manitaring (SHM) technologies to achieve Vehicle Health Management abjectives in
aerospace applications is an activity that spans multiple engineering disciplines. It is also recognized that many
stakeholders: Regu\atm‘v Agencies, Airlines, Omgma\ Equiprment Manufacturers (OEM) Academla and Equiprment
Suppliers are cruci e process of certifying viable SHM olutions h US & COMmmon langua )famewurk

» The focus is the development of cross- e e, e s s i v e e
industrv qUidebOOKS describing TABLE OF CONTENTS

1 SCOPE.. 5
1.1 Purpose 5
approaches to safely deploy SHM systems | @, Foemo.
on fixed Wing aircraft and rotorcraft and ig% E\?U:I‘E{Séﬁgﬁr%%ﬁﬁ%glg%g?ﬁgggfgtrSL:Ertuuc:i?esanuE.HM Systems . E
ideli f th lidati d 2 Appleatie DonEris 5
guidelines for the proper validation an e
certification of SHM solutions. SN g
27 Relaled Fublications. :::....::::::: o1
23 DEAINILION S e e =M
24 ACTOrwms 13
> SAE International Aerospace I L
. EEn ﬁiﬁﬂms%"a“%%ﬁiﬂ“l?d"‘e”a””P”"“'”'ES e
Recommended Practices document: M = .
“ - -
ARP6461 “Guidelines on the e
Implementation of Structural Health N
. . . . . A m ':”::' e

Monitoring on Fixed Wing Aircraft” R

(September 2013)
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3.

WoNoGh~WN=

ARP6461 “Guidelines on the Implementation of
Structural Health Monitoring on Fixed Wing Aircraft”

Contents of Guidelines

Scope

Applicable Documents

Introduction to Aircraft Structures Design and Maintenance
Essential Aspects of Structural Health Monitoring

SHM System Requirements

Validation and Verification

Certification

Appendix A: Consideration of SHM for Military Applications
Appendix B: Related Publications

AISC-SHM Guidelines in Process

AIR 6892: “Structural Health Monitoring Considerations
and Guidance Specific to Rotorcraft”

AIR XXXX: “Perspectives on Integrating Structural Health
Monitoring Systems into Military Aircraft”

AIR/ARP TBD: “Methodologies for Determining the
Performance and Reliability of Structural Health Monitoring
Systems
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ARP6461 “Guidelines on the Implementation of
Structural Health Monitoring on Fixed Wing Aircraft”

Organization of ARP6461 Document
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Scope
Applicable Documents

Introduction to Aircraft Structures Design and Maintenance

Essential Aspects of Structural Health Monitoring
SHM System Requirements
Validation and Verification

Certification
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* Structure testing
application

- Benefit:
- Structure
analysis
& testing
(e.g. A380)

eneration 0 ‘Generation 1 E‘j

*In-service aircraft,
off-line sensor
systems
(TR: 2009)

* Benefit:
-maintenance

>Generation 2 Ej;t

*In-service aircraft,
on-line sensor
systems
(TR: 2013)

 Benefit:
-weight saving
component level
-maintenance

>Generation 3

*In-service aircraft,
fully integrated
sensor systems
(TR: 2018)

* Benefit:
-weight saving
aircraft level
-maintenance

@
. Sensor
Network

- Stepwise approach towards SHM development

-> Global integration: Airlines/Authorities/Suppliers
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/ IEmbraer SHM Activities & Perspectives

Coupon Tests

Definitions and standardization for SHM.
Guidelines for POD, confidence and POFA analysis.

Sub-Components Wes for equipment calibration.

ms for installation, operation
Full Scale Fatigue Wntenance of SHM systems.
Test

Guidelines for hardware and software testing,
qualification and integration (accuracy, durability,
MTBF, DOs, HA, Zonal Analysis, etc.).

Operational
Guidelines for continued airworthiness,
ATA MSG-3.
Sandia
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| Boeing SHM Activities & Perspectives
4 |

mplementation in Phases
 Initial Discovery
* Testing/Algorithm Development
 Working Group Development (AISC)

 Phase | - Passive Damage Detection (on ground) and Flight
Parameter monitoring

 Phase Il - Active Damage Detection (in Flight)
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Progression of SHM Approach

Test Details Damage Map |
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SHM Concept: ground crew interrogates the on-board
SHM and receives immediate diagnosis. Network enabled Allows for inspection
systems could link with maintenance and ground support without dismantling
systems to automate resulting actions.
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SHM — Future Prospects

In-Situ NDI ‘ Condition Based Maintenance‘ Prognostic Health Management

Engineering
Documentation, Support &

:

Maintenance Scheduling
& Control

17

R =t

Ground Based

Inspections, Services &
Supply Chain Link

Maintenance Activity & Data

Changing Design Methodoloqgy: Weight reduction
may be achieved by having higher levels of
probability of detection & confidence, and by

- decreasing time between periodic inspections ;
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Structural Health Monitoring — Future Look

What can be done?

Load monitoring
Strain sensors,
Parametric

Damage monitoring

Impact detection
Crack/defect detection
Corrosion monitoring
Other deterioration

Prognostic Health
Management
System

d

Ground support action
e.g. Maintenance
Fleet management
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Progression of SHM Approach

Defining Maintenance Credits: the benefits of SHM.

Introduction of the technology is only worthwhile if cost-benefits or increased
safety and reliability resuilit.

Condition based maintenance perspective:

+ Reduced intervention, fewer intrusive inspection, less reliance on inspection triggered by
subjective assessments from aircrew or ground-crew following suspected exceedances.

+ Extended time between overhauls based on component condition.
+ Avoidance of unnecessary replacement. The replacement of structural items would depend
on actual condition rather than scheduled replacement according to duration in service,

irrespective of condition.

« Avoidance of unnecessary modification. Structural items are only modified if their
condition warrants modification.
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Part 4 — Introduction to
SHM Validation and
Performance Assessment
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Validation of a Structural Health Monitoring
(SHM) System and Integration Into an
Airline Maintenance Program
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Test Matrix to Quantify
Probability of Crack Detection

Test Scenarios:

Material Thickness Coating
2024-T3 0.040” bare

2024-T3 0.040” primer
2024-T3 0.071” primer
2024-T3 0.100” bare

2024-T3 0.100” primer
7075-T6 0.040” primer
7075-T6 0.071” primer
7075-T6 0.100” primer
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737NG Center Wing Box — CVM Performance Tests
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»l 737NG Center Wing Box — Accumulating Successful Flight History

Access to SLS Connectors Through
Forward Baggage Compartment
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737NG Center Wing Box — CVM Sensor Monitoring
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.| Other Applications Identified by Delta Air Lines

Other Potential SHM Applications

Some Potential SHM Applications:
e 737 aft pressure bulkhead
e 737 center wing box spar fitting

e 747 fuselage /5 3
« MD-88 and DC-9 substructure

e MD-88 belly skin @
 MD-88 and 90 Stringer Cracking

e 767 frames
e MD-88 and MD-90 vertical & horizontal stabilizers

No shortage of ideas for sensor usage
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Delta SHM Application — 737NG Aft Pressure Bulkhead
\

 Visual for cracking. | Y /]

* Incorporated into AMM Ch 5 for:
—Hard Landing
—Overweight landing -
—Severe Turb
—Tail strike

INSPECT THE UPPER CENTERWEB
|

e ' INSPECT AFT SIDE OF
. PRESSURE BULKHEAD

 Inspect Fwd side if aft side LFEC damage. A DISTANCE OF 10 INCHES
FORWARD OF STATION 10n6
ABOVE STRINGER 10

—Galley removal = 150 mhrs/insp

* Potential sensor on aft side (Human Factors).

Pros:
» Big savings, avoiding open-up/galley removal.

Cons:

* Unknown Payback period (event driven).
» Up-front cost.

« AD, requires AMOC.
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V r-o 4 -
Delta SHM Application — MD88/90 Overwing Frames
\

MD-80 SERIES: MD-87 SER Ea

STA Y=845000 STA Y=731.0
o — 0.000
|e———————STAY=886.000 STA Y=772.000
STAY=005.000 STA Y=781.000
~_17)
EDDY CURRENT /‘ \ gofol luug
PROBE I's
S B M D80 '53A301 . - f ) STATION FRAME®
- C A [ TYPIcAL -ﬁ !

 Visual and HFEC of Overwing Frames

Threshold: 20,000 cycles or 24 months,
whichever occurs first

INSPECTION _
AREA :

Repeat inspection: 9,300 cycles (4 "2 to
5 years based on usage)

4 operators, 6 instances of cracking
(found visually at HMV).

« Handful of findings at Delta. j .
« Major impact to fleet (2/3 special 507 N
schedule). P
AFT @ .5 OUTBD \ s
« AD, requires AMOC. ks I e )
FOR MD-80 SERIES: - I

SIMILAR AT STATION L .
Y=845.000, Y=854.000 1
Y=886.000. AND Y=305.000 i

*FOR MD-87 SERIES X, Nt @

SMILAR AT STATION 7 )

T V=750 00, i - EFT SIDE SHOWN
772000, AND Y=701. GHT SIDE OPPOS

¥ RIGHT SIDE OPPOSITE
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Delta SHM Application — 767 BS 903.5/883 Frame Inner Chord

SB 767-53A-0209:
* Visual and HFEC of 3 frames

* Threshold: 14,000 cycles or within
3K of SB release

* Repeat inspection: 3,000 cycles if
DVI, 6,000 if HFEC

* Post repair inspection 12K cycles STho0.5 ooz —eS
after installation STA 8505, 8635, 5055

DO A DETAILED OR SURFACE HFEC
INSPECTION FOR CRACKS IN THE
FRAME INNER CHORD TRANSITION

* 25 man-hours to accomplish RADIUS AND ISTALL A REPAR
inspections 2 e

» Affects AD 2003-18-10 &3 ® ’Jc 4

- Required for Winglet mod S

D

Inner frame

|
< ‘.
/ chod ' | ©
| l. %
1 % .

» Lots of findings at Delta * 0

LEFT SIDE SHOWN
RIGHT SIDE OPPOSITE

[A]
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OVERVIEW

A 4

FAA Webinar Series on Structural Health Monitoring

Module 2 — SHM Validation and
Approval for Routine Use

Part 1 —- SHM System Requirements Drive Validation & Verification Tasks

Part 2 — SHM Performance Assessment

Part 3 — SHM Durability Assessment: Reliability & Environmental Effects

Part 4 — SHM Flight Testing: Durability & Integration into Maintenance Programs
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WSHM Validation Considerations

* Declared Intent - application is for credit (replaces task or leads to
changes in the requirements for a task); criticality describes the
severity of the result of an SHM application failure or malfunction

« Usage Mode for SHM System
> “Hot spot” or local monitoring (S-SHM)
> Prognostic and condition-based health monitoring (P-SHM and
C-SHM) - shift to predictive and continuous monitoring will
require extensive validation and successful in-service
experience so that regulatory agencies and operators can
acquire confidence in these SHM approaches.

« Aircraft Maintenance Practices — change in programs; how to adopt
 Deployment — operational performance & repeatability

 Regulatory Actions and Industry Acceptance — depends on
certification process (AMOC, NDT SPM, SB/AD, STC)
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q SHM Validation Considerations (cont.)

* Key element in an SHM system is a calibration of sensor responses
so that damage signatures can be clearly delineated from sensor
data produced by undamaged structures

« Commercial implementation of SHM needs to be proven through
statistically-viable lab performance data and successful field
operation data

- Data requirements need to be established for determining the
applicability of SHM (boundaries) and to address certification
requirements.

« Educational initiatives with key players — understanding of SHM, its
usage and its limitations
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SHM Validation Process Must Account for All
Factors That Can Affect Performance

« SHM Method - SHM solution, device, sensor spacing, data
acquisition process, data analysis method, data interpretation
(thresholds, S/N), use of baselines

« Structural Configuration — geometry, material type, number of layers,
fastener types and spacing, hole geometry, assembly specifics
(fit/gaps), surface condition, coating changes

 Flaw/Damage Condition — type, X-Y location, depth, orientation,
dimensions, morphology, presence of by-products

« Environmental Conditions — load scenario to generate damage,
impact, environment to generate damage & establish durability

Complex Structure
Requires Detailed
SHM Validation
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Validation of SHM Capability — Certification for Use

Laboratory Tests Flight Tests

* Quantify performance - Incomplete response statistics —

* Env/durability lack of damage

« POD - statistically relevant « Deployed with airlines
evaluation * Need suite of monitoring data
Reliability/repeatability points (how many?, access to

aircraft)

« Establish ability of current tech
base to properly deploy SHM

« Establish ability of maintenance
program to adopt SHM — admin
obstacles
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'-Validation to Approve SHM Usage

rong interest in SHM — multitude of applications

* Industry’s main concern with implementing SHM on aircraft is achieving
a positive cost-benefit & time to obtain approval for SHM usage

« SHM should run in parallel with current NDI inspections for a period of
time

« SHM performance — lab & multi-year flight test programs are needed
« SHM training and education - workshops

« AMOC & new SBs- safety driven use is achieved in concert with OEMS &
regulatory agencies

« Approval through requlatory framework is the final formality to be
addressed - standardization and guidelines are needed for certification
and field validation
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Validation of a Structural Health Monitoring
(SHM) Systems and Integration Into
Airline Maintenance Programs
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