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For the last 10 year, optiSLang has been established as a
multi-purpose toolbox for CAE-based RDO. During the ini-
tial development phase of the software, the focus was con-
centrated on improving the functionality and efficiency of
the underlying algorithms necessary to conduct a sensitiv-
ity analysis, optimization or robustness evaluation. The goal
was to make the user capable of dealing with large num-
bers of variables using any nonlinear CAE-solver. With the
innovative technology of the Metamodel of Optimal Prog-
nosis (MoP) and improved algorithms, challenging RDO
tasks can now be efficiently solved.

However, it also became obvious that for a standard introduc-
tion of RDO, some more barriers have to be overcome. First of
all, the availability and generation of suitable CAE paramet-
ric model is a key requirement. Here, the ANSYS Workbench
has been established as one of the most powerful parametric
modeling environments including bidirectional interfaces to
major CAD programs and being capable of collecting all avail-
able CAE and CAD data in a central parameter manager.

Consequently, the system integration, process automation
and job control, which represented further barriers, were
also integrated into ANSYS Workbench to update one or mul-
tiple designs from the parameter manager. At the same time,
users asked us to improve our optiSLang functionality of pro-
cess integration and process automation. In this context,
we decided to develop a direct integration of optiSLang into
parametric modeling environments with the same priority as
the integration of external CAE-codes into optiSLang’s pro-
cess automation functionality. To reach this goal, optiSLang
was recoded from scratch and all optiSLang functionality
was designed using C++ code with related interfaces which
can be used by optiSLang’s GUI the same way as inside third
party modeling environments. The first result of this concept
was the release of the new optiSLang version 4 inside ANSYS
Workbench in 2011. In 2012, we released the stand-alone
optiSLang GUI version 4 providing enhanced functionalities
in process integration and automation. The new graphical
user interface supports the file based process integration,
the direct access to parametric modeling CAE environments
like ANSYS or SimulationX as well as to programming envi-
ronments like EXCEL, MATLAB or Phyton.

For ANSYS Workbench users, the decision to use the inte-
grated optiSLang version or to integrate ANSYS workbench
into optiSLang is driven by the availability of all necessary
input and output parameters in the ANSYS Workbench pa-
rameter manager. If all parameters are available, optiSLang
inside ANSYS Workbench is the best solution. If input or out-
put parameters have to be added, the integration of ANSYS
Workbench projects into optiSLang and the extension of
parameter and process workflows using optiSLang process
integration functionality is the solution to solve an RDO
problem. For integration of ANSYS Workbench projects, the
Integration node as well as the file base communication via
optiPlug functionality is available. Thus, optiSLang’s func-
tionality of signal processing is included and the CAE work-
flow can be expanded by additional solvers or pre and post
processing tools .

However, parametric modeling, process automation and
integration are just prerequisites before we can start solv-
ing an RDO task. To achieve a regular, daily use of tools like
optiSLang, we cannot expect every user to be a specialist in
defining algorithmic settings and workflows. Therefore, a
state-of-the-art optimization software has to provide best
practice algorithms with best available defaults and wiz-
ard guidance. Furthermore, a modular usage of a sensitiv-
ity analysis, optimization or robustness evaluation has to
be possible. We think that multi-purpose optimization tool-
boxes like optiSLang have to be capable of facing this type
of paradigm shift just in the same way general purpose FEM
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systems did 20 years ago. In that time, experts carefully
designed their meshes and programmed the FEM solution
procedure as well as the post processing. The broad use of
FEM in today’s virtual prototyping was only possible after
modules like “mesh” and “solve” became available where al-
gorithmic innovations are applied and best practice solution
are conducted. The necessary input has to be minimized and
users are safely guided to perform their engineering task. In
accordance to these requests, optiSLang provides three mod-
ules for best practice RDO algorithms and workflows:

1. sensitivity analysis to understand the design, to reduce
parameter to the most important ones, to check fore-
cast quality of response variation and to automatically
generate the best possible meta model

2. optimization to improve design performance

3. robustness evaluation to check design robustness
exposed to scattering material parameter, production
tolerances or scattering environmental conditions

As a consequence, in optiSLang inside ANSYS, the 3 modules
can be applied with drag and drop onto the scenery of the
project page (see figure 1). With these modules, the user in-
putis reduced to an absolute minimum amount, which is the
setting of parameter ranges, scatter, constraints and objec-
tives (see figure 2,3). All algorithm settings are generated
with best practice defaults and a wizard guided modular
workflow. Within the optimization modules, algorithms are
available choosing the most efficient and fitting optimiza-
tion strategy on the basis of the sensitivity analysis and user
input (see figure 4).
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Fig. 1: screen shot of an ANSYS Workbench project page showing the three optiSLang drag and drop modules used to define and RDO application using sensitivity analysis, followed by

optimization and robustness evaluation
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Coefficient of Prognosis (CoP) and Meta model
of Optimal Prognosis (MOP)

Running a sensitivity analysis, optiSLang identifies automati-
cally the most important parameters. To make this procedure
as efficient as possible, Dynardo developed the CoP for quan-
tifying the forecast quality of the response variation and as
a criteria to find the best possible MOP in the best possible
subspace of important parameters. It is also used to quantify
the numerical noise at the response values. Finally, the MOP
represents the best possible meta model in the best possible
subspace of important parameters to maximize the forecast
quality of response variations (see figure 5). This methodo-
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logy is one key for efficiency. Thus, a “no run too much” phi-
losophy can be implemented for sensitivity analysis and op-
timization to minimize external CAE solver calls.

Secure workflows

Robust Design Optimization will result in the creation and
calculation of a significant number of designs. In real world
projects, we have to face design failure because modified
geometry cannot be regenerated, mesh algorithms fail or
the calculation process shows inaccuracy. As a consequence,
developing secure saving and storage procedures have first
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i Name Parameter type Reference value Constant
!1 Carlength Det+Stoch 248007

!2 CarHeight Det+Stach 573125

!3 FloorWidth Det+Stoch 885.738

;4 RoofWidth Det+Stach 771947

‘s TrunkHeight Det+Stoch 204.241 filtered
6 HoodHeight Det+Stach 208.409 filtered
I? Young_s_Modulus Det+Stoch 2e+1l

58 Acceleration_Magnitude  Det+Stoch 2000 filtered
ég Surface_Body _Thickness 1 Det+Stoch 0.003 filtered
!10 Surface_Body Thickness 2 Det+Stoch 0.003

!11 Surface_Body_Thickness 3 Det+Stoch 0.003 filterad
!12 Surface_Body_Thickness 4 Det+Stoch 0.003 filtered
|13 Surface_Body _Thickness 5 Det+Stoch 0.003 filtered

Ui

'y

Resolution Range Range plot PDF Type _“_i
Continuous 223206 2728.08 @ [ | uniForRM
Continuous 515.812 630438 Gmmm [ | uniFoRM
Continuous 797164 974312 s [ | uniForM
Continuous 694752 849142 (MMM [ | UNIFORM

Contivvous 183817 224665 (NN [ |UNFORM |
Confinuous 187568 22925 s [ | unrrorm
Continuous  18e+1l  22e+l1l G [ | unrorm
Confinuous 1800 2200 S | | unrFoRM
Continuous 00027 00033 S [ | uniFoRM
Confinuous 00027 00033 s || unForm
Continuous 00027 00033 B [ | unForm
Continuous 00027 00033 G [ | uniForM
Continuous ~ 0.0027 00033 G [ | unForM

13

% L 1. Response surface 20 plot +E=.
Main Applicaticn I\Sm'&wnmnnlgwl:’;a“
. Update dsia
Display Il
Single approximation o8
1. Parameter :x‘-?
INPUT: Variationen_ARGA e Il
2. Paramiter g
INPUT; Variationen ARGS = | F—+ = —=5 T
Variatonen_ARGA
= Inputparameler
: = 1, Response surface topview plot ‘w.g
Plot S of g et
af - en
3

5
o

3. Response, Objective

sty e o
OUTPUT: my_CA6 = 5
Selected design: =1| %%
Plok type: |Surface plot
Spedific ioline = o =
-0.0! Q oS
Varistianen_ARGS
- Coetficients of Prognoss cm. 0
Coeffctents of s W)
full Ml = 9

DNPUT: Varlationen_ARG2
&%

EHPUT: Variabionen ARG
(L]

DNPUT: Varistionen_ARG
[T

INPUT parameter
el

£

E

2

-]

g

Fig. 2: Post Processing: multiple window GUI for post Processing of meta model og optimal Prognisis

) Optimization Wizard ol @
Optimization method @
Spedfy the optimization method I
Optimization method
Response surface method

@ () Adaptive Response Surface Method (ARSM)

Natural inspired optimization algorithms

(O ) Evolutionary Algorithm (EA) - local

O © Evolutionary Algorithm (EA) - global

O ) Particle Swarm Optimization (PSO) - local

(O ) Partide Swarm Optimization (PSO) - global

@ () Stochastic Design Improvement (SDI)

Gradient based optimization

(O ) Mon-Linear Programming by Quadratic Lagrangian (NLPQL)

Additional options
|| use Previous Data As Starting Point(s)

Fig. 3: wizzard indicates the most effective optimizer. green traffic light: recommended
optimizer, yellow traffic light: possible alternatives, red traffic light: not recommended

1. Hesponse suiface 30
o5 apgrummaton of my. £4G
of Prognesis = 59 %
-0.000158
-0.000162
-0.000166
-0.00017
0.1 e o s %
VD,IJS —T 0.1
z — -0,
Wiy, O 0o & -0.05
g, 0.1 st -05 ARGS
‘\.4,90; 1041 Vaﬁaﬂonen_
s Optimization Wizard e s
Criteria
Specify the slgodithm criteris ‘@
Parameter Responses
MName Value Name Value
Carlength 2480.07 Geomatry_Mass 09,963
CarHeight 573125 Total_Deformation Maximem 221032
FlocdWidth BES.738 Eigenfreq 1 323039
RoofWidth TT1L.947 Eigenfreq_2 349114
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priority. In the optiSLang 4 stand-alone version as well as in
optiSLang inside ANSYS Workbench, we integrated a con-
tinue crashed session mode preventing any loss of data as
well as a design backup to make them available for restart
and reevaluation at any time of the workflow.

More efficiency by ANSYS HPC support

If one design evaluation needs a significant amount of time
to be solved, two ways of speeding up the process are avail-
able. First, with ANSYS HPC functionality where every design
update can be executed by using multiple cores. Second,
for simultaneous execution of multiple designs, parame-
tric pack licenses (from v14.5) are available. Here, necessary
licenses for updating a design point are multiplied. Thus,
user can appropriately distribute jobs across the available
compute resources. For example: 4 HPC Parametric Pack
Licenses allow for 32 design points to run simultaneously

e Series of design points

R

update of 4 design points using one ANSYS License and
a Hardware containing 16 cores

update of 4 design points using one ANSYS License +
1 HPC Pack using multiple cores to solve the design

and one additional HPC Parametric Pack License for 64 de-
sign points. These techniques enable different systematic
approaches using remote compute resources. It is not only
possible to run the solution process (the solver) remote, but
also other parts of the process chain, like result extraction,
can be run on the remote server, which is especially useful
for large data sets.

Product bundle “optiSLang for ANSYS”

To provide our users access to all that functionality which
can be connected to ANSYS Workbench within one license,
since April 2013, we have been offering the product bundle
“optiSLang for ANSYS” containing optiSLang inside ANSYS
Workbench, optiPlug and optiSLang stand-alone including
ANSYS Workbench integration node. For distribution, sup-
port and improvement, we are glad to work together with
the CADFEM GmbH as our long term ANSYS partner.

update of 4 design points using one ANSYS
License + 1 HPC Pack + 1 HPC Parametric pack to solve 4

design points using 4 cores each at the same time.
Theoretically update can be executed 64 times faster
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