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Introduction — 3D Reinforced Composites {fecam)
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compressed. Mear the join with
e (- the fuselage, a high stress load at
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a delamination of the plastic
composite wing material.
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Methodology — Tufted Composites

(.

Tufting direction
<

Tufti il

Tufting needle

Only <1% areal content
required to achieve significant
improvement

Seams

Emb

Tufted composites

» Access required on one side only

« Can be used with fibrous based
material and metal filament

« Can be automated

* Flexible process parameters
(Tufting direction, embedded

length, embedded angle, pattern)
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Shape Memory Alloy (SMA) wires \

» Made of Nickel(Ni) and Titanium(Ti)
« Thermal Activated Shape Memory Alloy

(SMA) wires

* Unique properties for many applications
« Strain gauge
« Damage detection
« Shape morphing

+ Self-healing

« Damping j
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Results and Discussions

Mode | Interlaminar Fracture Toughness of
Aramid, Carbon, Copper and SMA Tufts




Mode | Interlaminar Fracture Toughness

Tufted Composites
« 200 gsm Plain Woven Composites
« Tufting materials: Aramid, Carbon, Copper and SMA wire

*  9%Areal content of 0.30%

 Vacuum assisted resin infusion
Methodology

 Mode I Interlaminar Fracture toughness

(Double Cantilever Beam (DCB)) test — ASTM D5528

Load

Tufting length of 80 mm
fgpm the pre-crack filgp

University

Loading point at 50 mm
from the 1%t row of the tuft

Double Cantilever Beam (DCB) test — ASTM D5528 standard
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Toughening Mechanism due to “Large scale-bridging zone”

* Increased required force to propagate the crack
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« Depending on pull-out mechanism of the tuft type — SMA showing largest amount of pull out

Crack tip

Traction Stress (MPa)
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Mode | Interlaminar Fracture Toughness
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Delamination Crack Closure of SMA Tufts ‘K )

* Using environmental chamber on Instron 50.1 kN machine
« Sample was tufted with 0.15 and 0.25 mm SMA as tufts at 0.3% areal content

*  SMA wire transition temperature: 80 °C
« DIC Was used
« Mode | delamination crack closure

Efficacy at different propagation lengths
Efficacy test at fixed propagation length (4 cycles test)

Load Thermal activation
(environmental chamb.v)

SMA Tufted region
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PTFE Pre-crack
(~62.5 mm)

Tensile grip
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Delamination Crack Closure of SMA Tufts
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Delamination Crack Closure of SMA Tufts

Stress (o)

Load Applied

Stress (o)

SMA Deformed |

Martensite Load Removed
(Twinned)

Crack Closure Mechanism
Strain (&) « Shape Memory Effect (SME) of the SMA

wires as tufts

Austenite Shape Memory Effect activated « Phase transformation of the NiTi thermal

SMA wire

Strain (&)
 Repeatable process

Temp (T) - Strain recovery limit at 6-8%
B N
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