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Double-Double
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Double Double Bi-angled plies

[XD, tY]n; [+, +V¥, -, -W]n; [+D, +V¥, -Y, -D]n

» With n=2
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coupling

» With n>=4
unperceived
coupling
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Tsal's Modulus

» A=D, B=[0]

» Tsai's modulus = Trace[Q] =
Q11 + Q22 + 2Q46

» Tsai’'s Modulus = total material
stiffness.
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Tsal’'s Modulus & Transformations
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Data Extrapolation using Finite
Fracture Mechanics Models

Extrapolation of notched daia 10 O ki Bvalues Omni& FMs @ B o Baluesexp
DD [£0/+50] laminate using data -

identified from a DD [£15/Z£60]
laminate and comparison with
experimentally determined plain
and open-hole tension test results
(Exp) and corresponding B-Basis
values (B—vglues) ) . . 0 720 900 1080 1260 1440
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Tsai's Modulus is a Material Property l
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Alrcraft Certification

Classical

>
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Production/Temp/Environmental/S
tatic/Dynamic

DOT/FAA/AR-03/19 Material
Qualification

DOT/FAA/AR-10/6
FAA/AC-21/26A, FAA/AC23-20
EASA AMC 20-29

Composite Materials Handbook 17
AC20-107b, AR-96-111, AR-99/49,
FAA/CT-86/39

Proposed

» Test matrix according to AR-03/19,
production based on AC23-20

» Specimen testing of each material
(filber+epoxy), Basis A or Basis B
data generation reduction of
subsequent tests based on Tasi’s
modulus of specimens.

» Extrapolation of all other properties
based on Tsai's Modulus and FFM
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Conclusions from testing

» Greener approach » Confidence in datq,

» Fewer test specimens better than 95%

» One to two orders of » One material system’s
magnitude less in data can be used to
cost. fine tune structural

performance.

» Quicker and less
wastage
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Take home message: Tsai's
Modulus and Double-Double

» The only technology that can reduce
structural mass by 45% w.r.t. current LQL
laminates, start thinking abbout how
you'll use that 45% reduced mass...

» Many practical implications we have
not touched on. R
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Some first aircraft parts in DD using
/eroVoid™ technology of NASHERO
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Master envelope: radius normalized
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‘ all DD laminates

Recovery

From the ICCM23 Book on DD, by Prof. Stephen W. Tsai \
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Rating: Mat=Lam Scaling: one calibration test
Mat>

CFRP-based Rqdius
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From the ICCM23 Book on DD, by Prof. Stephen W. Tsai \
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