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Introduction

 |In recent years highly flexible

downwind rotor concepts have
been proposed for example the
SUMR rotor.

Highly flexible downwind rotors
have the potential to be
strength limited design.
Downwind rotors have been
shown to induce higher torsional
loads as well as large bending
stresses and strains leading to
more complex stress states in
the wind blade composite
structure.

Segmented Ultralight Morphing Rotor
(SUMR) - Downwind turbine concept [1]
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« Damage and failure occur

What are composite failure criteria!?

matrix cracks \ debonding / broken fiber
delaminatio
P

differently in composites . . ——
compared to more traditional, 5 i e o o e
well-established materials like

|. Different damage mechanisms in fiber-
metals reinforced composite materials [2]
} 3 plies

Artist rendering of composite plies
that make up a laminate [3]

Composite failure criteria are
based on a ply-by-ply
prediction




Failure Criteria

Limit or non-interactive theories:
* Max Stress
* Max Strain

Interactive theories:
e Tsai-Wu

Failure mode base or mechanistic theories

* Puck

Inclination angle parameters: p

degradation exponent: n
« LaRCO3
Maximum fracture angle: «,
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: Unidirectional Ply Failure Envelopes
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6 | Variability in LaRCO3 Failure Envelope
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Variability in Puck Failure Envelope
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g 1 Stitched fabrics and failure

* Wind blades are mainly manufactured using multidirectional stitched
fabrics and not individual unidirectional thin plies (i.e. prepregs)

* |t has been shown that Classical Lamination Theory with thin individual
ply assumption can still accurately predict the elastic behavior of
stitched fabrics, however there are key differences in the strength
between the two systems.

« The assumption of transverse isotropy no longer holds [5]

Chopped Strand Mat

-450 Direction

Diagram of a stitched fabric [4]
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Need for multiaxial testing

Having multiaxial test data can be used to calibrate and validate failure
models
» (Can be used as a method for indirect determination of composite
material parameters such as fracture angle for LaRC03, inclination
parameters and degradation exponent for Puck,
» (Calibration, and validation of progressive failure models for multi-
ply laminates

Montana State University’s In-Plane Loader [6]

Navy Research Laboratories 6
DOF NRL 66.3 Load Frame [7]
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Conclusions

Failure criteria are only as good as their inputs
There is no best failure criteria just the most suitable for your case

There are key differences between stitched multidirectional fabrics
and the unidirectional ply composites that composite theory is based
on.

Multiaxial test data can reduce uncertainty in composite laminate
strength predictions and decrease conservancy of wind blade strength
design.
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