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Background

founded in 2009 on the initiative of the Free and Hanseatic
City of Hamburg (FHH) based on the leading-edge cluster
Hamburg Aviation

successful Public-Private-Partnership

status as an independent small and medium sized enterprise

ZAL TechCenter in Numbers

area ~ 26,000 m2 (280,000 sq ft)
workplaces ~ 600 / 35 partners
construction/financing costs ~ 82 M€

R&T infrastructures ~13.7 M€
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AVANT Test Rig Laser Shock Peening
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SHM Sensors in Aviation

Present Situation



Present situation

- SHM is an important topic in
the aviation industry

- 2009: Aerospace Industry
Steering Committee SHM-AISC
was formed

- 2013: Guidelines for
Implementation of Structural
Health Monitoring on Fixed
Wing Aircraft was issued

StrUcture Health
Momtorm i QO

comparable to the human nervous system. Discrete umcn

which form a network remain permanently mounted onto,

or embedded into the aircraft structure, detect and diagnose

inevitable structural damage, mechanical loads or abnormal

conditions. The sensors are interrogated via an ‘on-board’

or ‘off-board’ diagnostic system and information on the
structural state is reported to maintenance.

In contrast to conventional NDT, thers is no noed for & qusiiiad NDT inspector o
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In recent years, sircraft have bacome increasingly complex, generating vast amounts

n this context, Arbus offers a complete set of solufions and services thet mornitor the health
of sircraft and can sccurstely predict their future needs.
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Comparative Vacuum Monitoring (CVM)

- Sensor consists of air- and vacuum galleries
- Structure is part of the sensor
- Surface cracks lead to a change in vacuum that can be measured

CVM Sensor Air Galleries  Vacuum Galleries
\ \. ’

Source: Structural Monitoring Systems plc Source: Structural Monitoring Systems plc
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Comparative Vacuum Monitoring (CVM) Aeronautical Research

What is a pickle fork?

The pickle fork is attached to the aircraft’s wing spar.
It is a primary load carrying component that helps
attach the wings to the fuselage

Pickle fork ; Wing spar

SOURCE USA TODAY research
Karl Gelles/USA TODAY

Source: Structural Monitoring Systems plc Source: Federal Aviation Administration
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Acousto-Ultrasonics (AU)

- Piezo actuators induce ultrasonic elastic waves in solid media
- Piezo sensors detect secondary waves in case a defect is present

Source: Acellent Source: Acellent
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Eddy-Current Inspection

- Eddy-curent field is generated by a sensor and distorted by present defects in
metallic materials
- Usually NDT sensors, but can be deployed as thin foil sensors for SHM
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Strain Gauges

- Common sensor that measures strain
- Useful to monitor overload and load cycles

Source: Kyowa

Load cell Strain gage

V

Displacement
transducer

Source: Marsh Group
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Deployed SHM sensors

Acoustic Emission
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- Sounds of failing materials are detected by a microphone
- Depending on the post-processing algorithms, occurring sounds can be

classified

D
Source

sensor

Acmistic
Emislsir:m
Wave

AE Instrument

+ Detection
+ Meagsurement
+ Interpretation
» Evaluation
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Ongoing Research
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Ongoing research on SHM sensors

Acoustic Emisson non-contact sensing ~ autonomous sensing monitoring

EM + Electromechanical impedance...

intelligent sensor network for SHM

bio inspired sensors / actuators ___

new sensing for SHM -

Piezo, US, guided

others (imaging, IR thermo, 4
waves (Lamb,...

laser, 3D optics, laser,
diamond, nano, thin films ...)

vibrations based sensing -

smart sensors-actuators Optical Fiber Sensors

& energy harvesting

wireless sensors &
networks

sensors and actuators ———

Sensor arrays & networks

Source: Ferdinand, 2014

Recent Research and Applications
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VS

Overview of SHM sensing
techniques by QUELLE.
Diagram describes
amount of contributions
in the conferences
EWSHM and IWSHM
between 1999 and 2014
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Piezo elements & Guided ultrasonic waves

Source: Ceramtec

Source: Heinrich, Genco, Lammering, 2018

Source: Neumann, Hennings, Lammering, 2014
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Ongoing research on SHM sensors
Piezo elements & Guided ultrasonic waves
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Ongoing research on SHM sensors

Fiber Bragg Grating Sensors

- Optical sensors that act as a band-pass wavelength

filter

- Can be integrated into composite structures
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Source:; FBGS
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Fiber Bragg Grating Sensors

Potential
application?
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Image based crack detection

- Image based defect detection:
- Conventional image recognition for simple defect geometries or
- Deep Learning based algorithms for complex defect geometries

St Mid-Corr

Source: Cha et al., 2018
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What the ZAL offers
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What the ZAL offers fé\/\) ZAL

The ZAL offers SHM related support in the following areas:

Data - 07 :
Trainin Quality
Acquisition Implementatio g

Control

L
|

A < . \‘ F = w S
v' Data v' Test bench set-up v' Data preprocessing v Algorithm v Accuracy
v' Sensors v' Data recording v Algorithm selection optimization v Precision & recall
v Algorithms v Data simulation v" Fine-tuning v' Testin real

environment
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See you at ZAL TechCenter!




