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New statistical frameworks must be created to
design, model and test at the component level, safely
accounting for uncertainty whilst exploiting new
design opportunities including manufacturability.
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2. C-spar example description
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Artificial delamination position (d): “Defect” Eccentric loading (e): “Load cases”
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1.3 AN CSpar demonstrator = data d‘

B

NDE: X-ray CT, CMM, | Physical test: DIC Simulation: DUNE and
Ultrasound, eddy current ABAQUS (FE?)
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e 420 mm

Ep@\ — 6

Torsional springs with stiffness, K, control BC strength

Flange spring

Fibre path owing to conformation with

Ends constrained to U = u
. . 1= 2
reference points with =R;=R;=0 geometry e.g. not straight.
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Damage initiation for fixed load c
Damage initiation vs. ricity as a function of delam. ition
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3. CerTest methodology
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Experiment Numerical simulation output Measurement error
y(;Cl,Q*) = 77(9% H*) + + &

Controllable (delamination ™ Uncertain (e.g. modulus,
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Applied stress at damage initiation (MPa)
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Damage initiation vs. eccentricity
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Single physical experiment ‘All’ C-spars with defect under all load cases

Choose tests to learn about and minimise discrepancy
in physics as behaviour varies at the part scale.

Learn about (via comparison of DIC and
simulations), and then employ, property/BC
values for the specific part instance to uncover

discrepancy in physics.

residual (mm)

3.4e-02
I:0.0S

—0.02
[ 0.01
0.0e+00

Residuals of DIC compared with average calibrated model
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Modulus initial distribution

10. Bayesian calibration

Observed distribution
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AN 1) Design of experiments & Bayes Update ERTES*

Model vs. reality Discrepancy updated
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cEETES»

Coupons Model/design Test
Rapid models with
Material defects and uncertain
properties
../ \Eﬁb’e Reduced Test t \
2 pyramid
]
5 i FuII' Allowed
(4] distributions ¢
- Gic probability
of failure

Potential to: (a) consider material variability at scale e.g. defects and fibre steering
(b) Understand the impact of process variability on strength — rapid uptake of new materials
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