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Traditional optimisation methods will fail to find global
solutions in a number of engineering problems.

Numerical techniques such as Evolution Algorithms are
able to explore large search spaces and are robust
towards noise and local minima, are easy to parallelise.

Can be designed to provide optimal solutions for single
and multi-objective problems.
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Research methodologies and numerical tools include:
Evolution Algorithms
Genetic Algorithms
Neural Networks

Multi objective Optimisation, Pareto optimality and Nash Game
theory

Research indicates that this tools provide optimal solutions that are
not found by tradition optimisers




What are EAs.

Based on the Darwinian theory of

Evolution

evolution - Populations of individuals @ ‘ |
evolve and reproduce by means of @ @
mutation and crossover operators and

compete in a set environment for survival v o | st [ 7 ]
of the fittest.  _—

Computers can be adapted to perform this evolution process.

EAs are able to explore large search spaces and are robust towards noise
and local minima, are easy to parallelise.

EAs are known to handle approximations and noise well.
EAs evaluate multiple populations of points.
EAs applied to sciences, arts and engineering.
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We use a technique that
finds optimum solutions by
using many different
models, that greatly
accelerates the optimisation
process. Interactions of the
3 layers: solutions go up
and down the layers.

Time-consuming solvers
only for the most promising
solutions.

Parallel Computing
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The new technique is 3 Evaluations CPU Time
Traditional 2311 + 224 152m + 20m

times faster than other similar

New 504 £490 48m + 24m

A testbench for single and Multi objective problems has been

developed and tested

Successfully coupled the optimisation code to different compressible

and incompressible CFD codes and also to some aircraft design codes

HDASS MSES XFOIL Flight Optimisation Software (FLOPS)
FLO22 Nsc2ke ADS (In house)
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A Hybrid EA -Deterministic optimiser.

EA+ MDO : Evolutionary Algorithms Architecture for Multidisciplinary Design Optimisation
We intend to couple the aerodynamic optimisation with:

Electromagnetics - Investigating the tradeoff between efficient aerodynamic design
and RCS issues.

Structures - Especially in three dimensions means we can investigate interesting
tradeoffs that may provide weight improvements.

Acoustics - How to maintain efficiency while lowering detectability.

And others...

CFD — EA coupling
Mesh adaptation, unstructured grid analysis , 3D Compressible Navier Stokes solver
(LANS3D)
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Crmiae 40008 11 Release Payload
March 0.9, 409 mw 1860 Lbx
A 2 Acveterate Mansuvers at

Manch 1.5, 800 mw  Mack 0.9
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The new technique with multiple models: Lower the computational expense dilemma
In an engineering environment (at least 3 times faster than similar approaches for EA)

The multi-criteria HAPEA has shown itself to be promising for direct and inverse design
optimisation problems.

A wide variety of optimisation problems including Multi-disciplinary Design Optimisation
(MDOQO) problems can be solved.

Need to research on MDO architectures, hybrid techniques and their applications to
engineering problems.

The process finds traditional classical aerodynamic results for standard problems, as
well as interesting compromise solutions.

The benefits of using parallel computing, hierarchical optimisation and evolution
algorithms to provide solutions for multi-criteria problems has been demonstrated.
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JFor more details on this research and
applications continue the presentation or

go to:
http:.//www.aeromech.usyd.edu.au/optimise/
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http://www.aeromech.usyd.edu.au/optimise/
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e Thickness > 12.1%96 x/c
(RAE 2822)

e Max thickness position
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Varous Aerofoils - Drag G ison At | sing Machs [cl = 0.650, Re = 9E6
Various Aerofoils - Drag Comparison At Increasing Machs [cl = 0.715, Re = 9EB] anous Aeralofls - Lrag Lompanson nereasing Machs [c - 1
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Population Fitness Distribution - Aerofoil Optimisation

I Popullation
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Optimum Aerofoils

Objective Two Optimal




Pareto Opt (13.8% Thick)

Ma =

Pareto Opt (13.8% Thick)

a = 0.1500
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Given Nozzle A @ Given Nozzle B

Perfect Match

Compromise
Option
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Mesh Adaptation : Mesh 15
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Cruise 40000 ft, Release Payload

Mach 0.9, 400 nm 1800 Lbs
Accelerate Maneuvers at
\ Mach 1.5, 500 nm  Mach 0.9
Release Payload
Taxi Climb 1500 Lbs
— 20000 ft . —
l Descend —
— Takeoff
] Landing

Engine Start and warm up
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Best for Obj 1

Unmanned Combat Air Vehicle (UCAV)

Population =

Nash-Equlibrium —¢—

 Nash Equilibri

]
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Fitness Objective 1: Gross Weight Minimisation
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Decreasing Gross Weight { Nash Point
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Increasing Cruise Efficiency
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Wing Planform Top View
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Nash Design
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