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Manufacturing of SMA tufted composites

Characterization:
|.  Fracture toughness
II.  Microscopic observations on the specimen

3. Incorporation of SMA functionalities:
|.  Crack closure
.  SMAresistance measurement
lll. Defect detection by thermography

4. Conclusion and future work
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1. Manufacturing of SMA tufted composites
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2.1 Fracture toughness (Experiment)
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2.1 Fracture toughness (FEA)

» Cohesive zone model
« Composite
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2.1 Fracture toughness (FEA) ®RMIT @)z
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® 5 » Extraction of traction-separation law of the tufts
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2.1 Fracture toughness (FEA)
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2.1 Fracture toughness (FEA)
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» ASTM D5528-01

Table 1

Elastic properties of the composite material. E and G are the elastic and shear
modulus; v is the Poisson's ratio. The subscripts 1, 2, 3 are the in-plane,
transverse and out-of-plane directions in a ply-based coordinate system of fi-

bres, respectively.

Property Value Units
En 60,000 MPa
E-x 60,000 MPa
Eszs 9,500 MPa
Viz = Vi3 0.3 MPa
Vag 0.3 MPa
Gz = Gy 3,900 MPa
Gag 2,800 MPa
Table 2
Cohesive material input properties for the composite.
Property Definition Value Units
Ky, Penalty stiffness 1 = 10° MPa
Kan Penalty stiffness 1 % 10° MPa
Kss Penalty stiffness 1% 10° MPa
T35 Transverse strength 50 MPa
T13 — Tog Shear strength 40 MPa
G Mode I fracture toughness 0.5 kJ/mm®
Gure — Grpge Meode II & III fracture toughness 0.8 kJ/mm®
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2.11 Microscopic observations on the specimen DRMIT (@)t
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3.1 Crack closure DRMIT (@) s

QINETIQ

RN
N

~
~
..
~.
~.
ity

o
(0]
T

/
/

~~.
~.,
~.,
~
~ea
~.
~.
~.
~.,
~

o o
EEN (0))
T T

Crack opening displacement, mm
o
N

0 10 20 30 40 50 60
Time, s

#universityofsurrey 10



UNIVERSITY OF

3 SURREY
3.11 SMA resistance measurement DRMIT @) st
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3.111 Defect detection by thermography ®RMIT ).
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Composite with tufted SMA

IR camera

» FLIR A6780 MWIR
» 3MP resolution
» 3.0 — 5.0 um spectral range
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» Undamaged specimen
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3.111 Defect detection by thermography DRMIT @)=
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» Specimen with delamination
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3.111 Defect detection by thermography
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3.111 Defect detection by thermography

» Image processing by PCA
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» SMA as out of plane reinforcement
* Improvement in delamination resistance
« Useful as heat generator for delamination detection using thermography

« Exhibits shape memory properties when heated to close delamination
« Shows potential as a ‘strain sensor’

» Future work
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