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Demonstration of airworthiness is a little more complicated!
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AC 20-107B (FAA)

“This advisory circular (AC) sets forth an acceptable means, but not the only means of showing
compliance with the provisions of Title 14 Code of Federal Regulations (14 CFR) parts 23, 25, 27, and
29 regarding airworthiness type certification requirements for composite aircraft structures, involving
fiber reinforced materials, e.g., carbon and glass fiber reinforced plastics. Guidance information is also
presented on the closely related design, manufacturing and maintenance aspects. The information
contained herein is for guidance purposes and is not mandatory or regulatory in nature.”
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| COMPONENTS

NON-GENERIC SPECIMENS
SIUNLV34 IVHNLONYLS

35vE viva
Source: Chapter 4, The Composite Materials Handbook—MIL 17, Vol. 3, Rev. F.

GENERIC SPECIMENS

The “Building BIock” approach forms a key strategy towards
designing, developing, manufacturing and maintaining
airworthy composite aircraft structures
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* Taken from Appendix 2 of AMC 20-29
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Environment

[
Ele_ments RT/Ambient
Joints

(Thousands) | Small panels Large panels
(Hund red S) Subcomponents

Test box

(Dozens) Full
airplane
structure

Coupons and Elements Large Panels and Test Boxes

Mechanical properties * Validate design concepts
Interlaminar properties * Verify analysis methods
Stress concentrations * Provide substantiating data
Durability for material design values
Bolted joints Demonstrate compliance

D with criteria
Impact damage characterization - -
B Skl g Demonstrate ability of finite
element models to predict
strain values

Materials Analysis
The effects of temperature and Thermal and moisture strains
moisture are accounted for in design calculated using finite element
values and strength properties model for each critical condition

Source: Chapter 4, The Composite Materials Handbook—MIL 17, Vol. 3, Rev. F.
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Manufacturing Defects Common NDE Techniques
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Fiber Volume (%) = PLZPR + 100
PF—PR

where,

p_ = Laminate density

pgr = Resin density (as per supplier spec)
pr = Fibre density (as per supplier spec)













Test
In-plane tensile
In-plane compression
In-plane shear
Interlaminar shear strength
Flexure
Fracture Toughness
Notched Tension

Notched Compression

Bolted Joints (Static Bearing)

ASTM Standard
ASTM D 3039, D 638, D 5083, D 5450
ASTM D 6641, D695, D3410, D5467, D5449
ASTM D 3518, D 5379, D4255, D5448
ASTM D 2344
ASTM D 790, D 6272, D 6416
ASTM D 5528, D6671
ASTM D 5766
ASTM D 6484
ASTM D 5961
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Number of batches to be tested

normally sbc specimens per batch
Test Condlitlons

Wet
{70°C/85% r.h.}
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*Hallett, S.J., “Derivation of Design Allowables at Airbus Filton Site”, 2nd International
Conference on Composites Testing and Model Identification, 21-23rd September, 2004
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Nominal Strength

Allowable Strength
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Materials & Processing
Variations & Anomalies

Damage

Environment

Allowable

Strain

Fig. 9, Composite Materials Strength Determination within the Current Certification
Methodology for Aircraft Structures, Feraboli, P., J. Aircraft, Vol. 46, No. 4, 2009.
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WT OF FLANGE : 16.13089 gms

WEB: [(4/-450,,) ¢

LAY UP SEQUENCES'
SN [(4/-45)gg) ¢
SaN(a): [(+/-450g

ST [(+/-45%, )5
SAN(S): [(4/-45g) g
SERIES - |

F. LOAD : 7.5 Kg/mm
WT OF FLANGE : 8.7976 gms

ADHESVE
m

LONGITUDINAL

LAY UP SEQUENCES:
WEB: [(+/-45)p,) 5
Sk [(+/-45%6] 5

SERES Il - D

F. LOAD : 8.7 Kg/mm
WT OF FLANGE :

7.3568 gms

LAY UP SEQUENCES:
WEB: [(+/-450, )
KN ((+/-45)pg )

SERIES I = A

F. LOAD : 9.3 Kg/mm
WT OF FLANGE : 13.7465 gms

LAY UP SEQUENCES:
weB: (/457 )5
e [(+/-45g)g
SERIES 1| — E

F. LOAD : 6.8 Kg/mm
WT OF FLANGE :

'l') 9705 gms

5 394—|
LAY UP SCOUENCS:
weB: [(+/-450,)
SKIN: [(+/=45 ))&

F. LOAD : 9.3 Kg/mm
WT OF FLANGE : 19.6551 gms

LAY UP SEQUENCES:
WEB: [(4/- w)M] s

SKIN [(+/-45g ]
SERIES Il - F

QVERLAY PLIES: (-/+45)
CAPPING PUES:(+/-45)

F. LOAD : 7.5 Kg/mm
W OF FLD«NCE 18.6155 gms

LAY UP SEQUENCES:
WEB: [(+/ 43‘)415 WITH ONL BD LAYER W CENTER

KR ((+/-45))
SERII =

F. LOAD : 8.35 Kg/mm
WT OF FLANGE : 13.63 gms

c

ADHESVE
LAVERS %
\ LONGITUDNAL

/o FeERs

LAY UP SEQUENCES:
wEB: [(4/-15%, )¢
SN [(+/ =451 ¢

SERIES Il — G

Verma, K.K., Kamath, G.M., Ramchandra, H.V., and Rao, M.S., Experimental Studies on
Co-cured Composite T- joints, PD AC 1106, 2011, National Aerospace Laboratories

Courtesy: Advanced Composites Division, NAL
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Source: GKN Aerospace

James, P., Kotresh, G., Varughese. B., and M. Subba Rao,

o) [ . “Realisation of Shear Flow at Crucial Spar Splice Joints of

F - ,‘ ¢ Composite Wing in Idealised Wing Test Box,” 1st

\ ' \ International Conference on Structural Integrity, ICONS-2014
-
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Ramanaiah, B., Varughese, B., Kamath, G.M., and Subba Rao, M., Static Test
Report on Typical Aircraft Wing Test Boxes, PD AC 0921, September 2009,
National Aerospace Laboratories. Courtesy: Advanced Composites Division, NAL
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Photo: bombardier.com
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Photo: Lockheed Martin

Photo: Boeing
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. ST Number
est Type of Tests Test Type of Tests

olted Joints (Major Splices)
Rib Details
Laminate strength 2,334 par Chord Crlpp“ng
Interlaminar strength 574 kin/Stringer Compression Panels
Radius details 184 kin/Stringer Tension Panels
Crippling 271 Kin/Stringer Shear/Compression

Stress concentrations 118 Kin/Stringer Repair Panels
Effects of defects 494 kin Splice Panels
Bolted joints 3,025 Stringer Runouts

Durability "o par Shear Beams
Bonded repair 23
Total

Ply properties 235

Long-term environmental exposure 200

Sub-component Level Tests**
Coupon & Element Level Tests*

* Fawcett, A., Trostle, J., Ward, S., “777 Empennage Certification Approach,” 11t International Conference for Composite Materials, 1997.
**Chapter 4, The Composite Materials Handbook—MIL 17, Vol. 3, Rev. F.
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National Center for Advanced Materials Performance

Both the Federal Aviation Administration (FAA) the
European Aviation Safety Agency (EASA) accept
composite specification and design values %

developed using the NCAMP process.
ARE = R =

FAA Memorandum AIR100-2010-120-003
EASA Certification Memorandum CM-S-004

What is NCAMP?

NCAMP, the National Center for Advanced Materials Performance, works with the FAA and industry partners to qualify
material systems and populate a shared materials database that can be viewed publicly. NCAMP started as a FAA-funded
program within the National Institute for Aviation Research at Wichita State University and stemmed from NASA's 1995
Advanced General Aviation Transport Experiment (AGATE).

What is the benefit to aircraft manufacturers?
Instead of qualifying an entire material system, manufacturers can pull a system from the NCAMP database, prove
equivalency and gain FAA certification in a quicker and cheaper manner than a typical qualification approach.

What is the benefit to materials suppliers?

Material suppliers can work with NCAMP to qualify material systems without having to be linked to an ongoing aircraft
certification program. This allows the material supplier to get their material out into the market via a public forum with
generated allowables and FAA certification.

Which material systems are currently NCAMP-qualified?

Hexcel 8552

Newport NCT4708

Cytec MTM45-1 - For equivalency material availability, please contact Chris Ridgard,
Chris.Ridgard@cytec.com

Tencate TC250

Cytec 5320-1 (available Fall 2015) - For equivalency material availability, please contact Chris Ridgard,
Chris.Ridgard@cytec.com

Cytec EP2202 (pending Data Review process) - For equivalency material availability, please contact Chris
Ridgard, Chris.Ridgard@cytec.com

NCAMP Website: http://www.niar.wichita.edu/coe/ncamp.asp
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www.faa.gov

WWW.easa.europa.eu
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