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Emission and fuel costs challenge

ICAO: International Civil Aviation Organization
IATA: International Air Transport Association

Jet fuel costs of
total costs (IATA):
2000: 13-15 %
2015: 33-40 %
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Aero-engine efficiency

Image from Wikipedia, Author: K. Aainsqatsi

Bypass flow
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Image from GKN Aerospace

Weight

Increased diameter => Increased bypass
=> Increased weight

(1 kg => 2.25 kg)
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GKN Aerospace - OGV

A A

Section A-A

OGV = Outlet guide vane
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OGV - Complex geometry

Section A-A

Conventional laminate

Complex laminate
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Carbon fibre architectures

ZOLTEK™

Prepreg NCF=Non Crimp Fabric

Image from
www.Zoltek.com

Image from
www.medfish.com

Weave

Image from an iPhone
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Compressive strength

Prepreg: 70 %

NCF: 40 %

XC / XT
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Compressive failure of unidirectional
NCF composites

1

2

3

Objectives: Study the compressive stiffness and strength experimentally.
Develop a method to characterize fibre orientations.

Motivation: Gain understanding of compressive failure in NCF composites
for future model development

-σ11

-σ11
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Background and outline

• The compressive strength and stiffness is controlled by fibre waviness!

• A method the characterize the waviness?

• The effect of waviness on the compressive stiffness and strength?

• The effect of material characteristics on the waviness?

1.

2.

3.

4.
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Waviness out-of-plane

1
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Fibre misalignment angle from waviness
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Compressive failure

Mr.
Matrix

Ms.
Matrix

Initial fibre misalignment of critical importance!
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Kink-Band through the thickness

Compressive failure

1
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t = 2 mm

500 µm
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Measurement of fibre misalignment angles
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A comprehensive test series
Effect of material characteristics

A B C

5° 10° 15° 20°48% 53% 59% 52% 58% 64% 4 mm4 mm61%

Nominal: 2 mm, 0°

(59%)(53%)

t t

(55%)

Tested by Bru (2016)
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Stiffness - Overview

High waviness Low waviness
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Stiffness - Knock-down
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Strength - Overview

High waviness Low waviness
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Strength - Maximum angle

A1 B1 B2 B3 B8 C1 C2 C3 C4
200

300

400

500

600

700

800

900

1000 3

4

5

6

7

8

9



23

Strength - Mean angle
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Probability distribution

90,000
fibres
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