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Background & Motivation

Conservative Certification Requirements

Boeing 787-8 Dreamliner, jeromedeleon2, flickr ©
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Background & Motivation

Automated Fibre Placement (AFP) Stiffener Manufacture
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Proposed Concept
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Continuous plies in
Interface both branches
vulnerable to embeds the stiffener,
debonding preventing debonding

Interleaving of
discontinuous plies
inhibits coalescence of
delaminations
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Proposed Concept

Increased corner radii
prevent wrinkling and

bridging of fibres
during layup \

\ Increased concave

radius to achieve
suitable compaction
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Proposed Concept

Structural foam core
Increased corner increases stiffener

radii prevent kinking stability and acts as a
and bridging of mould
fibres during layup \

\ Increased concave

radius to achieve
suitable compaction
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Concept Validation

*All dimensions in mm 6



Concept Validation

Baseline stiffener attachment

| Tapered ply drop offs

[45/90/0/-45], \'

[45/90/0/-45]. ﬁ
%

Bio-Inspired stiffener attachment

*All dimensions in mm 6
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Industrially Relevant Failure Sequence Investigation
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Industrially Relevant Failure Sequence Investigation

Sequence

1. # Skin transfers load to stiffener,
which provides support

2. Local skin instability

3. Translaminar fracture of skin
propagates towards stiffener
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Industrially Relevant Failure Sequence Investigation

Sequence

: - 1. # Skin transfers load to stiffener,
which provides support

Stiffened 2. Local skin instability

3. Translaminar fracture of skin
propagates towards stiffener
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Industrially Relevant Failure Sequence Investigation

Sequence

1. # Skin transfers load to stiffener,
e l which provides support

Stiffened 2. Local skin instability
region

3. Translaminar fracture of skin
propagates towards stiffener
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Industrially Relevant Failure Sequence Investigation

Sequence

1. # Skin transfers load to stiffener,
which provides support

ZX Local skin instability

3. Translaminar fracture of skin
propagates towards stiffener

Out-of-plane Buckling: 7.45 kN

Fracture Propagation: 15.4 kN

d | 1

Relative total displacement 14



Industrially Relevant Failure Sequence Investigation

d |

Relative total displacement

Sequence

1. # Skin transfers load to stiffener,
which provides support

Extended 2. Local skin instability

Potting
§ 3. Translaminar fracture of skin
Notch | propagates towards stiffener

Length |

Loaded ';" Specimen
Length | Length
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Industrially Relevant Failure Sequence Investigation

Sequence

1. # Skin transfers load to stiffener,
Extended Potting which provides support

2. Local skin instability

3. Translaminar fracture of skin
propagates towards stiffener

st Iteration

Final Design

d | 1

Relative total displacement 16



Industrially Relevant Failure Sequence Investigation

Sequence

1. # Skin transfers load to stiffener,
which provides support

1.9 kN —2‘/ Local skin instability

18.5 kN —3/Translaminar fracture of skin
propagates towards stiffener

Tst Iteration j

Final Design

d [ 1

Relative total displacement 16



Industrially Relevant Failure Sequence Investigation

Manufacture & Testing Numerical Model Simulating Failure Propagation
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Bio-inspired Concept Successful Validation

Key Points

» Successful validation of bio-inspired
concept:

“

« AFP manufacture of composite
stiffened panels achieved

» Experimental testing demonstrated
suppressed debonding and stable
crack propagation

Continuous plies in
both branches
embeds the
stiffener preventing
debonding

1 — |Interleaving of

discontinuous plies

inhibits coalescence
of delaminations

* Numerical parametric study completed
informing current experimental
investigation for industrial load case
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