(0)
ANSYS/Optimization; o i ©
- Topology
- Sensitivity -
- Robustness ©

ELECTRONICS
Jonas Bredberg, Ph.D.
Technical Account Manager, EDRM

STRUCTURE

o

: -._: EMBEDDED
SOFTWARE

Mikael Johnson, Ph.D.
Senior FEA Engineer, EDRM

DIGITAL
TWIN


mailto:Jonas.Bredberg@edrmedeso.com
mailto:mikael.johnson@edrmedeso.com

Introduction VRSESO

O Who are we, why are we here and what are we to present

O Additive manufacture — why?

d Robust Design Optimization (RDO) rather than topology optimization (remove
low stress areas) with single object function (mass)

d DfAM

O Wind Turbine — Example

O Optimization workflow

(d Robustness evaluation; deterministic — statistical (PDF & o)

d  RDO (Robust Design Optimization) workflow

d  Summary
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The Ansys Product Portfolio
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Additive Manufacture — Why? O

O Making THE design;
production says its impossible

d Reduce weight, optimal design

[ Part consolidation;
reduce assembly time/cost

d Distributed production;
on-site manufacture (ship/rig/..)

1 Replacement parts

O Tuned material properties;
micro-structure, porosity

d Customization;
one-off adaptation (med/..)

2022-11-29



Robust Design Optimization @ =

a

a

WHAT? Present methods on how to introduce reliability onto optimization
workflows to construct robust designs with good performance (not optimal)
HOW? Applying workflows & algorithms within ANSYS/OptiSLang to grade input
parameters (sensitive analysis), construct response surfaces (MOP) - find
optima's, perform variance robustness analyzes and re-apply constraints if needed

WHY? A single objective deterministic optimized component will not survive its
first encounter with manufacture let alone real-world varying conditions

Granted; optimization workflows have their challenges as well; CAD - CAE >
optimization - verifying CAE - CAD - DWG - CAM - “metal”

BUT should one invest this amount of time and effort when loads, geometry and
even material properties are uncertain?

A robust design optimization is the only reasonable and effective design
process. A tool like OptiSLang can be used for the sensitivity, optimization and
robustness analysis/studies
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DfAM, Design for Additive I\/Ianufacture O .

Additive
Manufacturing

Vertical Simulation;
Real Case Right first Time
Weight Reduction/
The de5|gn will only be Topo Optimisation
Horizontal?
: optimal if all cases and -
= loads are considered
Design What is
Horizontal Load Case limiting?
Vibrations

N
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Optimization of Pitch Hub MEDESD

Generator
PM rotor -p.‘
PP
' Base frame
Pitch drives

Hub
. ‘ §

‘l Gemesaor stator
( Tower

Rotor blade
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Initial Design — Optimized — Robust

Uncomplete design specifications (loadings, cycles, environment)
Changing environments (new buildings, landscape, forestry)
Unknown physics interaction

(I Oy W

Climate changes (temperatures, wind, humidity)

In Service
Optimized

Load Spec
Optimized
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Workflow — Singular Optimization

OO0 D0O

-

Sensitivity Analysis

Figure 2: Recommended workflow for a single-objective optimization: from a full parameter set X the sensitivity analy-
sis identifies the important parameters X,.q4; together with the start design X¢ the optimization is performed and an
optimal design Xpt is found.

2022-11-29

N

Define the design space; x = g(x) x = (X, X, ... X))

Define objectives (goals) and constraints/limits

Perform a sensitivity analysis, using parameter sweep, discrete values or...
Based on the sensitivity analysis, filter/weight input parameters (x;, %,, X3, %,,)
Build a meta-model (MOP) of the response surface (g)

Run the MOP approximation and find your optimum — verify with CAE solver

"/

Optimizer

Optimization

Optimizer
gradient | ARSM | EA/GA

EDR
MEDESO

X = (X1, X3?2)

¢t {g(x):x € E}



Robustness Evaluation

O Given a certain design space, including reduced input
parameters variations, a (one) response surface is produced —
with a certain accuracy (CoP)

[ For each “point” on the response surface, there is an
uncertainty, a scatter due to unknown/unwanted variations in
geometrical, material, loads etc.

O Analyzing and grading this scatter will give you a measure of the
design robustness, either as a safety margin (sigma level) or a
probability for failure (p)

 Variables generally has a probability distribution (normal,
gaussian..) with a mean and a std deviation for which a critical
sigma (see pic) limit is usually set; 30 (1.3 out of 1000), 4.50 (3.4
out of 1 million) or even 60...

2022-11-29
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Figure 3: Scatter of a fluctuating response with safety

margin (distance between mean and the failure limit)
and the corresponding probability of failure p,
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Robustness Design Optimization

O Deterministic optimization = fulfilling robustness requirements ‘{::'i';ﬁz';:f s
(like 60) while performance is maintained, although not optimal piadinic analysis
variables
O Solution: couple a suitable deterministic optimizer with a !
reliability analysis and formulate the constraint conditions with
. . . Update Deterministic opti-
respect to the required safety level. This approach is called constraints mizaton

reliability-based Robust Design Optimization (RDO)

O The numerical (resource) effort of nestling the optimization loop PR
with that of a reliability loop is usually too demanding..... Design failure [oBustness

evaluation

A more practical approach is to perform the deterministic
optimization first, and then apply the PDF of the input

parameters to evaluate p¢/resulting sigma level. ﬁnal:;i:fbility

O If the safety margins is not enough, one approach is to redefine
the constraints, e.g. by reducing allowable stress level, and then
redo. A solution is usually found within a couple of iterations.

) ) robust design
Such a scheme is seen to the right.

Figure 8: Flowchart of an iterative Robust Design Opti-
mization with final reliability proof
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Summary

a

a

Additive manufacture is a great enabler for
better designs/performance, less waste etc.

Optimization can then be applied to e.g. reduce weight,
making an attractive and easily defined objective

Operating conditions, loads, off-design performance etc.
may however only be vaguely known — what if studies are needed

Introducing variations in material data, geometrical parameters,
operation conditions etc. necessarily requires a sensitivity or
variational analysis to be performed

Enters robust design optimization with additive manufacture
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Ansys offers the only true simulation platform
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SDPD & HPC — Simulation Maturity

The Path to Robust Design

Q Exploration

O What if scenario
O Variation in operating conditions

A Optimization
O Reduce weight/cost
O Increase performance

mﬂl:’ Density

Q Sensitivity X

QO Material properties

.

O Numerical models

O Computational mesh
O Variation in unknows
Single Physics
Solution

eAccuracy,
robustness, speed...

s
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O Robust design

QO Loads/boundary conditions
Q@ Manufacturing/tolerances

Flow Rate Vartation

#1.0 & 0,80.18 st “
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Robust Design
*Probabilistic
Algorithms

eAdjoint solver
methods

Optimization

eAlgorithms

2

Design Exploration

*DOE, Response
Surfaces, Correlation,
Sensitivity, etc.

“What if”

Study
eParametric
Multiphysics  Platform :
Solution . \\\}o
eIntegration : \i
Platform R




OptiSLang — the What and Why O .

O Process integration tool, building workflows — connecting s/w tools
either through workbench or stand-alone including parametrization.

 Sensitivity analysis using parameterization to access variable variation,
identify the most salient/sensitive variable.

d Optimization studies uses powerful Al-algorithms to reduce the DoE domain when performing
design studies, building metamodels and ROMs (reduced order models) for rapid response.

(d Robustness design analysis studies e.g. the effect of manufacturing variation
(using the statistics of structure module) and access uncertainties in
environmental conditions (operation and boundary conditions) as a natural continuation to the
sensitivity analysis and optimization studies for performing reliability analysis
O Enabling multi-disciplinary engineering through integration with
- Minerva (simulation process & data management)
- Granta (material information management)

 OptiSLang is fully driven by Python and have a built-in web publisher

O Scaling amplifier; OptiSLang licenses are used as multiplier in design studies;
1 Mechanical + 1 OptiSLang - 8 x 4 core FEA simulations
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PIDO - Design Goals & Requirements for Parametric Variation Analysis

Process Integration Design Optimization
Tools Connection & Solver-neutral
Support Ansys & non-Ansys Tools
Simulate More Automatically
Build Automated Workflows

1 Simulation for Non-Sim Experts
l‘o 1 Publish Workflows as PIDO-Apps on Minerva

Increase Design Understanding

Sensitivity Analysis

Ensure Design Improvement

Optimization

Verify Design Quality

Robustness Evaluation

[ o K

{7&’* Digital Transformation Fit Simulation & Measurement
Sl ROMs for Digital Twin Model Calibration
Shorten Time to Market Improve Product Performance Quantify and Eliminate Risk
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