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Composites in the aerospace
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Design Philosophies

»  Safe Life (from the 40s)
Safety by replacement. Design is based on static properties

Issue: does not take into account damage during service

DeHavilland DH 106 Comet (1952)
Hull losses due to depressurisation
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Design Philosophies

*  Fail Safe (from the 50s)
Safety by design. Design is based on redundancy

Issue: does not take into account Multiple Site Damage and Ageing
aircraft

Aloha Airlines Flight 24 (1988)
Loss of part of the fuselage due to fatigue corrosion
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Crack Lenght [mm]

Design Philosophies

limit load capability T

crack length
--—-— residual strength

critical crack length

L

Flight Cycles [Number, Time]

* Damage Tolerance (from the 70s)

Residual Strenght Capability [MPa]

Crack Length [mm)]

RI/SF (NDT)

RI/SF (visual)

| minimum detectable crack length (visual) |

o

/,/':q minimum detectable crack length (NDT) |
'

critical crack length

RI: Repeated Interval

|| SF: Saftey Factor

Safety by inspection. Design is based on the fact that the loads can be
sustained even in the case of deterioration (fatigue, corrosion,
damage...) to the extent that it can be detected and restored via

acceptable maintenance and inspection programs
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Design Philosophies

*  Damage Tolerance Composites

Safety by sizing. Design is based on a damage no growth approach,
resulting in a max. allowable strain level of €,,4, = 0.4%
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Design Philosophies

CFRP No Crack Growth Concept

limit load capability

Crack Length [mm)]

impact

N

L]

no further damage growth

crack length

residual strength

Flight Cycles [Number, Time]

*  Damage Tolerance Composites

Safety by sizing. Design is based on a damage no growth approach,

Residual Strength [Mpa]

resulting in a max. allowable strain level of €,,4, = 0.4%
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Design and Certification process

Definition of the aircraft
(Type, Mission Profile, MTOW, DSG, operational costs)
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Design and Certification process

Definition of the aircraft
(Type, Mission Profile, MTOW, DSG, operational costs)
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Design and Certification process

Definition of the aircraft
(Type, Mission Profile, MTOW, DSG, operational costs)
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Design and Certification process

Definition of the aircraft
(Type, Mission Profile, MTOW, DSG, operational costs)
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Design and Certification process

Definition of the aircraft
(Type, Mission Profile, MTOW, DSG, operational costs)
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Testing Pyramid
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Testing Pyramid — virtual testing

Fuselage Physical Tests
to
Computed Models
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Fibre reinforced polymers — Material properties determination

* Properties are dependant on fibre orientation and
fibre volume content

* Material properties are defined during the
manufacturing (curing) process

* Higher material variability

*  Often modelled as special orthotropic material '
- 6 independent elastic material properties
- Reduction to 4 neglecting through thickness
properties

* Layered approach
- possibility to determine lamina or
laminate properties
- weak through thickness properties
—> prone to impact damage or delamination

* Interest into both
— Uncured material properties: QA, manufacturing
— Cured material properties: Design, QA
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Potential tests or determining static cured material properties

ISO 527, EN2561,
* Tensile test: EN 2597, ASTM

On 0° or 90° laminate: E;, v, 7,01, Ex, vV, oL D3039, DIN 65378
or on multiaxial laminate
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Potential tests or determining static cured material properties

1ISO 14126, ASTM

* Compression test: D3410. EN2850
On 0° or 90° laminate: E;, o£*, Er, 0&* ASTM D6641

or on multiaxial laminate

Shear Loading configuration

End Loading configuration Combined Lue'l:ding configuratic
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Potential tests or determining static cured material properties

1ISO 14129, ASTM
D3518, ASTM

D7078, DIN 65466,
ASTM D5379

* Shear test:
On 145° or 0° laminate: G, T"

GROUP
One Source for \,—
Asset Protection Solutions — \ G MA

2014 GMA GROUP - AMEMBER OF MISTRAS , ALL RIGHTS RESERVED. DISSEMINATION, UNAUTHORIZED USE AND/OR DUPLICATION NOT PERMITTED A MEMBER OF @ MISTRAS



Potential tests or determining static cured material properties

Mode | Mode I
Crack Opening In-Plane Shear

EN 6033,EN 6034,
*  Fracture tests: ISO 15024, ASTM
Gic D5528,

On 0° laminate: G,., G;;.,—————
fe> ”C'Glc+Guc
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Material Qualification Process

1. Material screening

— Validation that material has potential to be applied
2. Qualification project

— Agreements of supply

— Qualification of the manufacturing processes

— Definition of a test plan (mechanical, FST,...) depending on planned application

3. Qualification test programme
— Determination of manufacturing envelope

— Determination of material properties and design
allowables (AGATE process, A- and B-values)

4. Qualification test report
— Documentation of the process
5. Standardization
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Material processing

*  Main approach: Laminates using pre-impregnated fabrics (“pre-pregs”) manufactured using
various levels of automation. Mainly thermoset resin systems, current
implementation and screening of thermoplastic resins

-
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Material processing

* Liquid resin infusion: Dry preforms are put in contact with the resins during manufacturing.
Currently used in some applications, but potentially larger usage

One Source for
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Conclusion
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 Performance approach is used to qualify new materials in the aeronautical sector. Certain
requirements (loads, FST,...) have to be met by the material/structure

* Definition of standard load cases that can be validated through analysis and verified through
testing
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Conclusion

 Performance approach is used to qualify new materials in the aeronautical sector. Certain
requirements (loads, FST,...) have to be met by the material/structure

* Definition of standard load cases that can be validated through analysis and verified through
testing

Recommendations:

* Follow a Validation and Verification approach setting measurable requirements

* Explore possibility of virtual testing — perhaps using higher SF and SHM/Load monitoring
* Establish standardized test plan to determine material allowables

* Validation of material properties through witness testing on manufacture
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Thank you very much for your attention!

Questions?

Dr. R. Luterbacher-Mus
r.luterbacher-mus@gma-group.com
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