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Physics Based Simulation
— Nonlinearity

Envelope Search for Unanticipated Events
— Computational cost

Sensitivity and Variability
— Probabilistic/Possibilistic

Integration of Available Measurements
— Updating/ldentification
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* Physics Based Simulation
— Nonlinearity

 Envelope Search for Unanticipated Events
— Computational cost

e Sensitivity and Variability
— Probabilistic/Possibilistic

* |ntegration of Available Measurements
— Updating/ldentification

— Aeroelasticity and uncertainty is the workshop topic
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Henshaw M. Aeroelastic calculations for the Hawk aircraft using the Euler
equations, Journal of Aircraft, 42(4), 2005, 1005-1012.
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Mares C, Mottershead JE and Friswell Ml (2006) Stochastic model updating:
Part 1- theory and simulated example. Mechanical Systems and Signal
Processing vol 20 issue 7 pp 1674-1695






Eigenvalue Problem

b,




SCHUR METHOD

e Stability studied from an eigenvalue problem:

Ay Ags | P P+
Asf Ass_ ps ps

*Schur Complement formulation:

E=5S(4)p, —4p, =0
S(4) = A — Ay (Aq _/u)_lAfs

Badcock, K.J. and Woodgate, M.A., Prediction of Bifurcation Onset of
Large Order Aeroelastic Models, AIAA Journal, 48(6), 2010, 1037-1046



E=S(4)p, —4p, =0
S(A) = A, — A (Ag — A1) A,

® Solved by Newton’s Method

ok

—AU=-E

ou

Approximate Jacobian to
drive convergence

Exact or Approximate
Residual

u=[p,,A]'




E=S(4)p, —4p, =0
S(A) = A, — A (Ag — A1) A,

® Solved by Newton’s Method

—Au=-E
ou

Approximate Jacobian to Exact or Approximate
drive convergence Residual

(A, — A1) = A+ AATAT + ..
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— Sampling Methods

frequency

— Update with higher order information

A«sf (Aff — Al )_1 Afs

Cost of evaluating one sample = 1 steady state calculation

Timme, S. and Badcock, K.J., Searching for Transonic Aeroelastic Instability
Using an Aerodynamic Model Hierarchy, AIAA-2010-3048.






Structural Model Variability

e Vector of structural parameters 0

e Ois uncertain in real engineering structure
— Lack of knowledge
— Variability
* Probabilistic
— O is defined by a PDF
— What are the eigenvalue PDF’s?
e Possibilistic
— O is defined by an interval
— What is the worst case eigenvalue?

Haddad Khodaparast H, Mottershead JE and Badcock KJ (2010) Propagation
of structural uncertainty to linear aeroelastic stability. Computers and
Structures vol 88 issue 3-4 pp 223-236



E=S(4)p, —4p, =0

V2 | I S

S(2)= A, — A, (Ag — A1) A,

® Solved by Newton’s Method

5—EAu=—E

Exact or Approximate
Nominal state Jacobian to Residual for realisation

drive convergence

Marques, S., Badcock, K.J., Khodaparast, H.H. and Mottershead, J.E.,
Transonic Aeroelastic Stability Predictions Under the Influence of
Structural Variability, Journal of Aircraft, 47(4), 2010, 1229-1239
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Reformulation of eigenvalue problem

— Reduces computational task to approximating a function
= exploit Kriging and sampling (Timme)

Exploit Interval methods

— Propagate structural parameter uncertainties to flutter
solution (Khodaparast)

Approximate Newton solver for Eigenvalue problem

— Allows non-deterministic calculations for CFD based flutter
predictions (Marques)

Too Difficult to model structural damping
— New identification methods from tests (Prandina)



Open Source Fighter N
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Simulation Requirements

Physics Based Simulation
— Nonlinearity

Envelope Search for Unanticipated Events
— Computational cost

Sensitivity and Variability

— Probabilistic/Possibilistic

Integration of Available Measurements
— Updating/ldentification



Simulation Requirements

v’ Physics Based Simulation
— Nonlinearity

v Envelope Search for Unanticipated Events
— Computational cost

v'Sensitivity and Variability
— Probabilistic/Possibilistic

* Integration of Available Measurements
— Updating/ldentification

Costs of computing flutter boundaries low
10-30x cost of a single steady state calculation
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* Influence of parameter variation on LCO

* Inverse problem for using flight data

e Consolidation of codes/test cases/publications



AP =iwP  A'Q=-iwQ

AP =—iwP A'Q =-iwQ

Zz=<P,wW>

Change coordinates

y=W-<P,W>Q-<P,W>Q

Taylor Series Expansion of R

A
o dW@Q__F@Aﬁ_I_ >
Xpand system — AW 1+ —— — UW T .....
dt 8,u'u 8,u'u

Inner Product with P Z;: lwZ+ < P, Rﬂﬁ>+< P,Aﬂm>

Badcock, K.J. and Woodgate, M.A., On the Fast Prediction of Transonic
Aeroelastic Stability and Limit Cycles, AIAA Journal 45(6), 2007.
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Test Cases

Isogai Aerofoil
Case

> More discussion tomorrow



Outcomes

Paper in preparation for Progress in Aerospace Sciences

PhD’s for Prandina, Timme
24 papers so far

Test cases on web

Start on new collaborations
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