
a
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Euromech Colloqtrium - 315: The future of Structural Opnmisation
The Universie of Liverpool, l-3 ,4pril, 1996

ROBUST PROCEDURES FOR STRUCTURAL
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The overall objective ofthis paper is to descnbe the work carried out by the ADOPT (adaptir,.itt'
and optimization) group at Swansea or,'er the last six years and to pose some questions conceming
tus ruture of structural optimization.
Irritially work concentrated on shape and sizing optimizali6n for trusses. arches- afwmmetric
shells. prismatic structures. models based on 2D continuum representations and free form shells
for static and free vibrations situations. [n these optimizslisn programs the initial geometrv is
specified using splines or Coons patches. Meshes are automatically generated using unstructured
adaptive mesh -qenerators based on the advancing front method or using structured mesh
-senerators in the case of shells. The loads and boundarv conditions are associated with the
geometric model not the finite element (FE) mesh so as to facilitate automatic mesh updating.
Sensitiv"ities to changes in the structural geometry are then evaluated using finite differences or
semianailtical methods. Established optimisation techniques such as sequential quadratic
programming- the method of moving asvmptotes or the generalised reduced gradient method then
make use of the -eradient information to produce optimal structural desigas using iterative
procedures. These rvere all for linear problems. More recentlv the ADOPT group has looked at
nonlinear problems and has also experimented with genetic algorithms in place of gradient based
algorithms.
Other riork carried out by the ADOPT group has focused on topologv optimization and
inteerated structural optimisation. Initial structural topologies are either predetermined bv design
or nunulacnrins constraints. or must be designed bv engineers. Topology optimization is a tool
*hich assists the designer in the selection of suitable initial structural topoloeies. In topolo-uv
optinuzatiort. at the outset a domain called the reference domain is defined which covers the space
of interest Loadings. boundary conditions and material properties are specified. The aim is ro
remo\ e or redistnbute material from within the reference domain in an iterative and svstematic
nranlier in orcier to arrive at a structural topolog-v rvhich is in sorne selrse optimal. Work is
prroceeti.me Lrn the der elopment of ISOP (2D) rvhich stands for Integrated Strucrural Optimization
P::t'.ts: rnd u-.es adaptive isoparametric FE analvsis. Currentlv. several llagments exist. TOPS
,urc P[- \ lO - tor topologl,optimization using the hard kill and homogenisation rnethods. TMAGE
- lt ' ,r  : lr ' i . tctn: image processing of the results of topologl 'optimization and ADOPT - fbr the
.r ' . lrrr: t ; i t .-  edaprne FE analvsis and shape optimization.
Tlt.- :':::r ririi dr:'cuss the work ofthe ADOPT group and conclude bv raising tu,o issues: (a) the
:ti3J :!r: -':reru-ih selected inambiguoust-v delhed benchrnarks so that research rvorkers can check
',: l : : : . : :s,rnd (b) the best methods for interlacing black-bor FE simulation tools with
-.,:  : : : . .r-t i  ontimization (mathematical programmins) aleorithms requir ing sradients of the

-  :  - '  t . - .  - t t i r :  : n d  c o n s t r a i n t s .


