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What is Credibility?

I HAVE A
CREDIBILITY
PROBLEM.  AND I
SHOULD
BELIEVE
THAT?
(
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Why is Credibility Important for the Airbus and the Aircraft Industry?

(revenue passenger kilometre)
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Airworthiness Assurance through Certification
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Relevant Certification Requirements for Modelling <):|

EASA Certification Specifications and Acceptable
Means of Compliance for Large Aeroplanes CS-25

Amendment 19, 12 May 2017
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Relevant Certification Requirements -

CS25-305(a) & (b)

CS 25.305 Strength and deformation
(a) The structure must be able to support limit loads without detrimental permanent deformation. At any load up to limit loads, the
deformation may not interfere with safe operation.

(b) The structure must be able to support ultimate loads without failure for at least 3 seconds. However, when proof of strength is
shown by dynamic tests simulating actual load conditions, the 3-second limit does not apply. Static tests conducted to ultimate
load must include the ultimate deflections and ultimate deformation induced by the loading. When analytical methods are used to
show compliance with the ultimate load strength requirements, it must be shown that —

(1) The effects of deformation are not significant;

(2) The deformations involved are fully accounted for in the analysis; or

(3) The methods and assumptions used are sufficient to cover the effects of these deformations.

The Model must predict limit load deformations and ultimate load failures.
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Relevant Certification Requirements <):|

AMC-307

AMC 25.307 Proof of structure New Structure. Structure for which behaviour is
This AMC establishes methods of compliance with CS 25.307, not adequately predicted by analysis supported
which specifies the requirements for Proof of Structure. by previous test evidence. Structure that uses

It includes: significantly different structural design concepts such

« Definitions of Details, Sub Components, Full Scale, etc. as details, geometry, structural arrangements, and

load paths or materials from previously tested
designs.

Classifications of Structure — New, Similar New and Derivative/Similar
Descriptions of Four Certification Approaches:
(a) Analysis, supported by new strength testing of the structure to limit and ultimate load. This is typically the case for New Structure...
(b) Analysis validated by previous test evidence and supported with additional limited testing. This is typically the case for Similar New Structure...
(c) Analysis, supported by previous test evidence . This is typically the case for Derivative/ Similar Structure...
(d) Test only...
Comments with respect to the ‘Need and Extent of Testing’ and the need for methods such as FEM to be validated by full scale
tests — SEE OVER: ...
A paragraph on ‘INTERPRETATION OF DATA'’ to the effect that discrepancies between Analysis and Test should be investigated

and lead to adjustment in analysis/modelling techniques.
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Relevant Certification Requirements -

AMC-307

Pertinent Comments with respect to the ‘Need and Extent of Testing’ and the need for methods such as FEM to be validated by full
scale tests: ... NEED FOR TESTING depends on ‘classification of structure’ and

‘consequence of failure’

6. NEED AND EXTENT OF TESTING
“The following factors should be considered in deciding the need for and the extent of testing including the load levels to be achieved:
(a) The classification of the structure (as above);
(b) The consequence of failure of the structure in terms of the overall integrity of the aeroplane;
(c) The consequence of the failure of interior items of mass and the supporting structure to the safety of the occupants.
Relevant service experience may be included in this evaluation.”

4. INTRODUCTION

“The application of methods such as Finite Element Method or engineering formulas to complex structures in modern aircraft is considered
reliable only when validated by full scale tests (ground and/or flight tests). Experience relevant to the product in the utilisation of such methods
should be considered.”
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What models are there?
Quantitative v Qualititative
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What models are there?
New Predictive
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What models are there?
New Predictive
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Predictive Models are large
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Why are Decisions needed?
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What Engineering Decisions are needed for Airbus?

Traditional certificatrion

ﬁaterial Allowables /~ N\

Certification
Testing Full

tructure
validation

Concept Digital design Certification In Service

N

Smarter Testing certification

Full Scale
Simulation = Simulation effort
\ - Physical Test effort
Concept Digital optimisation Certification In Service

Virtual Test effort
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Quantification through V&V (ASME V&YV 10)

15 Nov 2019 The assessment of Smarter Testing for credibility and maturity

AIRBUS



Mindset change needed for decision making

e Change from test pyramid to Hybrid Test pyramid i.e. from Structural validation to Simulation

Mind-set change for Smarter Testing - from Test Pyramid to Hybrid Test Pyramid

validation.
A
( A\
L2 - Structure
/ |_3 validation
/ L4 ~

// t: \\ algjviglnes

Test pyramid
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Level 6: coupdns

Hybrid Test Pyramid

Moved based on confidence
and uncertainty management

Simulation
validation

Simulation
uncertainties
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Belief/ Validation

Why Quantify
Credibility?
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How we got Virtual Testing Credibility R
oo

ES Risk Mitigation.

Failure Structure modifications.

predicted
accurately
before test

Virtual Testing Credibility

A340 Wing
Static
Capability
analysis

Time
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Credibility assurance History
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Ref; 1989 Simulation conference; E MacNair, K Musselman, P Heidelberger Figure 1: The Life Cycle of a Simulation Study
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Development of PCMM Methodology

First
generation
Predictive
Capability

Maturity
Model
(PCMM)
circa 2007
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Using Smarter Testing
End-to-End Test Lifecycle

Management
Virtug
PhySical
@Orrelation
Test Results in
Context (FDMU)
Objective:
structural
certification
mainly through
Virtual Testing
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Airbus Structures Test Centres

AWIC - Airbus Wing Integration Centre

|
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A closer look inside: Design of Innovative Test Jigs & Tools

—
High Capacity Test Machine

« 25MN capability

Modular Testing

» Focus on reuseability & flexibility

» Enable testing at up to 10x current speed _ .
» Reconfigurability

9 AIRBUS
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A closer look inside: Strong Wall/Floor

— .
Will allow us to...

» Develop innovative and flexible test solutions
* Focus on reusability & flexibility
» Get faster delivery of test results

» Use advanced technologies
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Crack Growth Monitoring

TSA3

TSAl

Rear pocket of specimen

* . .
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Hot spot monitoring — INSTRUCTIVE project
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Large scale DIC
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Large Scale DIC
Test results and
data correlation

FEM
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Thank you
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