tenance Architecture

} C. Willberg*, H. Meye/r*, S. Freund*, M. Moix-
{ Bonet*, C. Dienel*, E. Baalbergen**, F.
Grooteman**, T. Kier*, S. Schulz*

*German Aerospace Center (DLR)
| **Netherlands Aerospace Centre (NLR)

*) Advanced Value and Service driven Architectures for Maintenance

e ADVANCEd Aircraft maintenance "
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Process and Methods for E2E Maintenance Architecture development,

demonstrations and solutions for technology integration

flight manoeuvre

Fleet utilization airport
— | Adapted scheduling i
L - ——— 4
SHM data, local Safety requirements duty cycle
strain measurement}
Online monitoring Load and damage assessment Maintenance
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DEMETER

Modul I E2E

Maintenance
Architecture IVV and
Evaluation

Maintenance Platforn
[Definition and IHMM|

Modul IT E2E

Development

Dissemination and
Exploitation

Management

. WP9 IPR,
WP1 Design Process | |_| WPS Load . Dissemination and WP10 Management
and IVV Strategy Assessment Solutions I
Exploitation
WP2 E2E Evaluation | | | WP6 Aircraft Level
Strategy SHM solution
WP3 E2E Evaluation | | |[WP7 Condition based
Development Means maintenance solutions
WP4 E2E WP8 US Guided
—— Architecture and | “—wave technologies for
Project Evaluation damage detection

PACMAN

AIRMES
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Auiliary data recording |

light d
:
Flight data:

flight recorder, acceleration,
etc

Sensar

oat or &
ata
Strain gauge fatigue damage
analysis
ted)

BSD recordin, tte

Signal processing Flight /ground
|:> (filtering, |:> loads model

Aircraft sensors Estimated states,
*  Airdata inputs
*  Inertial, incl. *  Flight states
accelerometeres *  Control deflections
+  Control deflections +  Estimated
. disturbances
Stress model —_—
(FE-based)
Local stresses
Distributed

loads on alrframe

Loads / Stresses

per o ——Unscheduled Maintenance
data
—— Result [SHM-Wasted
Structural Lifesunscheduled)
event data ?“&"’th / ——SHM System
F——— — for
and OCC ——Wasted Life Cost
Fatigue life &
stressspectra
— Structural
Compressed | integrityfor
raw data pilot
- assessment
——scheduled Inspections
——Unscheduled Maintenance
—— Result (Scheduled+Unscheduled)

Fatigue evaluation
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Indirect Monitoring Systems

Loads Mad

W

0>

W

Stress Mod

W

Fatigue Mod

CEM Med

W

Overall workflow

2 EEE
=

;; |Sharep0|nt|

-

S S
e
3
;o
= Module Tool|

Module workflow

— Data flow via HDF5 database
— Data pulled by BRICS

E demeterDatabaseTemplate. hdfS
@ chmResults
¢ @ fatigueResults
@ pp_103
@ pp_271
@ pp_436
@l pp_s61
¢ 4@ settings
@cm
@M
¢ @ aircraftLife
BEh fightList
¢ 4l flights
B flight_1
B flight_10
B flight_2
i fight_3
i night_a

damPoints |inputCuanti...
o Fz, My, Ny

dam_id=1

&
=
¢ i@ timeSlices
& night_5 ¢ g timeSlice_1
&R nignt_s 7 @l loads
& night_7 dam_1
& nignt_8 [ stresses
8 nignt_9 & po_103
¢ @l ppSettings pp_271
Capp_103 pp_436
o Capp_271 pp_861
o G4 pp_436 o= 4 tiffleSlice_10
> Capp_861 o= 24 tifneslice_2
@w o D meSlice_3
¢ @sm Afimeslice_4
¢ @pp_103 2 timeSlice_ 5
R timeSlice_6

pp_271

o CA pp_436
o G pp_861

J3 timeSlice_7
L4 timeSlice_8
ACA timeSlice_9

column_names = Sigma_vonMises, RMSE
pp_id=103
units = N/mm2, N/mm2

column_names = Fx, Fy, Fz, Mx, My, Mz, MNx, Ny, Nz, Gx, Gy, Gz.

units =N, N, N, Mm, Nm, Nm, m/s2, m/s2, mis2, deg/s2, deg/s2, deg/s2

Hdf5 database structure

Clean Sky?2



# Loads Module

Flexible aircraft model +
Operational Aircraft Data control laws Loads

e Estimation for the loads during flight missions
* Derive loads with a model based approach based on aircraft sensor data

* For the prototype

— Real aircraft sensor data, is estimated based on trajectory and Mach-Number data of real-life flight
missions

— This data is combined with a physical model based simulation to calculate the loads

39
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Stress Module - Offline Phase

— * Apply aircraft loads on
1 a A320-like model
* Extract stresses (and

optional sensor data)
at engine mount link

Precomputed
aircraft loads

Loads/sensor training data

v s * Surrogate input:
Surro(;galte_ :g% N:;t;:n_ SheII/Be:m GFEM g LoadS/Sensor data
= E FEM Engine Mount :TE
5 e Surrogate result:
— jgate stresses
Performance .
data e Evaluation of surrogate
accuracy using
o crosscorrelation,
e Kriging MSE
o0
o)
=
>
(Vp)]
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Surrogate

y

Reduced Loads

Local Stresses

MOUNT LINK

Flight online data

reduced Loads

Demeter HDF5
]

Stress Module

h 4

Data
validation

L2

Kriging
Surrogate
call

Online module

Demeter HDF5

Flight stress data

S:= PIDt

01 < DI2t £ 10
125 £ WID < 10
0 < c/(W-D) < 045

ale 2 01
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CBM Module

Scheduled Maintenance Condition Based Maintenance
with indirect SHM

120 120

100 real Health

80
© o N e Calculated Health
= i with indirect SHM
= 60 = firstinterval
[=1]
- Replacement real Health 3 — . — Calculated Health

40 triggered by with indirect SHM

Inspection \ second interval
i
20 5chedu.|ed H 20 g0 : Replacement
Inspection \\| Triggere \ triggered by
. | | I \nspectwon\\ Inspection
; ifeti i 0
Start of Life Lifetime End of Life Start of Life Ln‘et\me nd oF Life
RUL Consurlnptmn . Monte Carlo . . . .
from Fatigue Preprocessing T . ) P Simulation Analysis Execution event
Simulation
Module
A Y

RUL
Consumptio
n Database

) . Maintenance
Simulation

Plannin
Parameter &

Document

Clean Sky?2



Optical Fiber "\,

a\| 1 g
) Fiber Core i

Core Refractive Index

nnnnnnnnn’

Spectral Response a

AN

Input 4 Transmitted 4  Reflected #

Fibre Bragg Input

USG waves input

Damage
Characterization

A350 Pictureby © Airbus S.A.S, 2014

Input for adapted
scheduling

Global SHM solution
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Feature

Propagation Acquisition Extraction

Pattern Damage
Recognition Identification

a\.v'

L) Amplitu'de

Time
73
"N ’
Temperature

Matching

Stiffened Temperature

Gaussian | Damage Effects
Mixture Model Results
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7 Guided wave - Validation

Dummy damage under the stringer head

Damage detection 167

700

500 :
y 2
=
£ 400 s

300

Test control through GUI (left), climate chamber
(center) and data acquisition equipment (right)

3
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Damage
Assessment

o cjojoseiels s

\)\vavv\-
vuuu\r\avv

o &
80%

60%

40%

Rel. nom. Strain

20%

e Test

=== Simulation
0% T T T T 1

0] 10 20 30 40 50
Impact Energy [J]

Comparison of experimental and simulation

results. Excellent residual strength prediction. CleC] N Skg )



Damage Assessment

Damage Damage MNo Action Damage Damage Mo Action
Inspection detected? required Inspection detected? required
"‘“—._.‘ ) ‘.‘ "‘“—.—.‘ ) ‘.‘
| ] [ ]
yes yes
J b
Damaage Damaage Allowable Restore Surface Damage Damage RS = DUL Restore Surface
Characterization Ewvaluation Damage? Protection Characterization Assessment Protection
]
no
1 1
— END — END
Repair Repairable using Repair Repair Feasible? RS z DUL Repair
Classification SRM? Specification ’
_._yes _._ __._ YES_._WS _._
1 1 1 1
no re-specify no no
Request OEM's | Replace
Assistance Component
Current Decision-Making Process Modified Decision-Making Process
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" Highlights

Damage detection multiple load path failure

Normalized Damage Index

30

25

20

15

10

T T
FBG1 :

| % Fpog|Rightloadpathy
o Fhag] Centre Load path 2

FBGS5

--&-- 5G9 :

SG10 | Back panel Load paths
SG11 : :

Damage state

Experiments performed by NLR
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=

- Highlights

7000 |'I ‘__ 12!!!r||1!!!|||1\1|||!!!
—————1 SR - SHM 500 mm? i
6000 2 — = A= NERE LEEEN o
...... RN N AR ‘. B T L R —E':- . ! . . ! . | i o
T Aol eyt v e sl = o N
g 5000 """"""";',‘r P - b 8 le Stability Domain - Damage Tolerance Domain
g o / Stability = = = = ; - ™
£ 4000 T 7 DT (BVID 600mm?) mmm. - -2 mi
«» /.57 DT (SHM 500mm?) === = 6L —1 L i
[)) /7, :
2 3000 /7257 DT (SHM 400mm?) = —
s 7 DT (SHM 300mm?> 1 &
2 / (d ( mm ) — 5 ]
° / V4 Bearing =ss=s 2 41
< 2000 1 4 Max. Strain « « « &
’ Envelope (BVID 600m1m2) mmmm ; ;
i Envelope (SHM 500mm?2) —— | 2H | |
K Envelope (SHM 400mm?) : |
I Envelope (SHM 300mm?) —— . ,
0 : 2P PP PP P T T XTSI 6,2 P
0 5 10 15 20 G O3 T g G SIS O O, I, O O, A BN
Thickness [mm] Thickness [mm]

Dienel, C. P, Meyer, H., Werwer, M., & Willberg, C.
(2019). Estimation of airframe weight reduction by
integration of piezoelectric and guided wave—based
structural health monitoring. Structural Health
Monitoring, 18(5—6), 1778-1788.
https://doi.org/10.1177/1475921718813279

39

Clean Sky?2



https://doi.org/10.1177/1475921718813279

" Highlights

. © E2E Evaluation

Point to Point
Fleet Size: 104 A/C
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Fleet Size: 50 A/C
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Average fleet age: 12,4 yrs
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" Highlights

E2E Evaluation

Assumptions:

The results from the MPO tool
are valid for each airline cluster
The available aircraft performs
additional flights

The age of the fleet of the airline
is equally distributed with the
average given by the analysis

0.0 -

-0.5 A

-1.0 A

-1.5 -

-2.0 A

-2.5 -

-3.0 -

Cost saving potential base maintennce/yearin %

P2P

(MPO tool)
LHS SHS

Significant potential for decrease of base maintenance cost by using the MPO tool

MPO tool developed especially for SHS carriers.

Higher aircraft utilization leads to increasing revenue, especially for P2P carriers

Aircraft utilization and fleet age are additional factors for good results at SHS and P2P airlines

1The shown results are potentials per year that need to be exploited. "
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Highlights
AAM2019 Dlssemmatlon event

e Approximately 60 external visitors came to the conference and market place
* QOver 100 people participated on the conference

3
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- Steps after
.~ Open Guided wave

“_°°_ http://openguidedwaves.de/

£+ Meistbesucht @ Startseite chPor.. [ electronic library -

OPEN GUIDED WAVES

Ultrasonic Guided Waves

An Open Access Data Set

e —
PLEASE EXPLAIN \’\ DOWNLOADS

TRANSPARENT RELIABLE OPEN

IMPROVE YOUR RESEARCH

Rely on Collective Data, Emphasise Your Work!

ic guided v

As importance of ultra es is growing rapidly, new signal evaluation techniques occur almost on a

regular basis. Unfortunately, they often lack real data testing or at least comprehensible data acquisition
To enable comparisons of evaluation methods on a mutual basis, this website provides a transparent data set of
real wide-range measurements. As it is freely available we explicitly encourage everyone to test their own algorithm

with the provided data and include the results in their publications.

HOW TO CITE GET STARTED

Clean Sky2



~ Steps after

e %
e & SHM Demonstrator

Maintenance = Does the delamination
grow?

Assistance of the technician in finding
the damage

JEC Composites, Paris 2019 \"

Clean Sky2



I 7 Lessons learned

» Data availability (for exchange) must be clarified in advance of
the project

 Demonstrator case selection should be done and fixed early in
the project

* More resources for the core partner
* Multi project work can be a success

39
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Useful infos and acknowledgements

* German Aerospace Center/DLR
Hyperlink: www.dlr.de

e Christian Willberg
christian.willberg@dlr.de

* Netherlands Aerospace Centre/NLR
Hyperlink: www.nlr.org

This project has received funding from the European Union's Horizon 2020
research and innovation programme under Grant Agreement No 685704
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