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Database Workshops

The Integrated Multiphysics Design Database was launched last March 2009 to provide
a computational tool for the general evaluation of uncertainties and a reference with
useful validation guidelines for future products in the area of multidisciplinary design
optimization. The database makes possible the evaluation of both the efficiency and
the robustness of innovative software via comparison of existing computational and
experimental data.The database will incorporate optimization test cases from a variety
of areas including telecommunications, aerospace, energy, environmental engineering,
biomechanics and medicine, and computational science. The database is hosted by the
University of Jyvaskyld in Finland with a mirror site at the University of Houston.

Two events, one upstream and other more downstream, are scheduled on to engage
and involve the worldwide scientific and technological community. The Preparatory
Database Workshop held on December 3™ and 4%, 2009, in Jyvaskyld, Finland will be
concerned with the presentation and analysis of academic optimization test cases.
The second event which also will be held at the University of Jyvaskyld is entitled the
Industrial and Academic Database Workshop. This Workshop, held on March 10t-12,
2010, will be concerned with the presentation and analysis of industrial as well as
academic test cases.

The Preparatory Database Workshop will be run in conjunction with 10th Finnish
Mechanics Days Conference. Industrial and Academic test cases will be presented

during the spring of 2010 in conjunction with a Tekes DESIGN event entitled “Database
Workshop for Multiphysics Software Validation”.

Objectives of the Database Workshop

The objectives of the Database Workshop are threefold:

* Introduce the scientific/industrial community involved in design and control to the
optimization test case problems for the purpose of multiphysics software validation;

* To convene a national/international forum of experts involved in the evaluation and
validation of advanced multidisciplinary optimization software;

* Identify collaborative areas requiring additional research and development in
multidisciplinary and/or multi cale design optimization.

The announcement introducing the two Database Workshops which includes a
description of optimization test cases that are now available on the website:

http:/ /jucri.jyu.fi



Contributing to the Database

The Design Test Case Database is available at http://jucrijyu.fi. A series of MDO test case
descriptions provided by industrial and academic experts can be found on that site. The
definitions are prepared in such a way that interested parties can test their own tools and
methods in solving these test cases.

If you are a researcher or a professional in the field of multidisciplinary optimization
and interested in becoming a contributor to the database, please go to the website and
follow the instructions. Your application will be processed by the administrators and
you will be contacted with further details shortly, including specific details on requested
data formats for the computational results as determined by the test case chairmen.

File Formats

We are planning to use ParaView as the primary tool for creating visualizations of data
submitted to the database. Same tool is to be used in Workshop presentations. ParaView
is an open-source, multi-platform data analysis and visualization application based on
Visualization Toolkit (VTK).

Due to choice of visualization software, we encourage using ParaView compatible file
formats for your submissions. Especially the native XML-based VTK format is recom-
mended. A detailed specification of the VIK file formats can be found at their website.
Information on other supported 3D file formats are available in the ParaView wiki.

For simple data sets (intended for 2D plots etc.) submissions in CSV or whitespace
delimited formats are recommended.

If your software produces other file formats or you have any questions please contact us
(http://jucri.jyu.fi).

Related links:
* Paraview: http://www.paraview.org/

* VTK: http://www.vtk.org/

* VTK File Format specification: http://www.vtk.org/VTK/img/file-formats.pdf

NB: The academic test cases are marked with TA and
industrial test cases are marked TI.

Only academic test cases (TA) will be presented in December 2009.



TA1l A numerical set-up for benchmarking
and optimization of fluid-structure

interaction
Chairmen: Stefan Turek, ture@mathematik.uni-dortmund.de
Mudassar Razzaq, mudassar.razzaqg@math.tu-dortmund.de
Organization: TU Dortmund
Country: Germany
Jyviaskyld contact: Tero Tuovinen, tero.tuovinen@jyu.fi
Keywords:

Discretization techniques, robustness of solver, lift/drag optimization, FSI

Introduction:

The main purpose of this benchmark proposal is to describe specific configurations
which shall help in future to test and to compare different numerical methods and code
implementations for the fluid-structure interaction (FSI) problem which can be addi-
tionally coupled with an additional optimization procedure. In particular, the various
coupling mechanisms, ranging from partitioned, weakly coupled approaches to fully
coupled, monolithic schemes are of high interest for the FSI community. Moreover, the
settings allow to examine the quality of different discretization schemes (FEM, FV, FD,
LBM, resp., beam, shell, volume elements), and the robustness and numerical efficiency
of the integrated solver components is a further aspect. This FSI benchmark is based on
an older successful ‘flow around cylinder” benchmark for incompressible laminar fluid
flow. Similar to this older configuration we consider the flow to be incompressible and in
the laminar regime. The structure is allowed to be compressible, and the deformations of
the structure should be significant. The overall setup of the interaction problem is such
that the solid object with elastic part is submerged in a channel flow. Then, self induced
oscillations in the fluid and the deformable part of the structure are obtained so that
characteristic physical quantities and plots for the time-dependent results can be pro-
vided in a rigorous way. Furthermore, these FSI configurations can be extended towards
optimal control of body forces acting on and deformations of the elastic object in which
case additional outer inflow/outflow regions control the optimal result.

Objectives:

Objective of this benchmarking scenario is to test and compare different numerical ap-
proaches for fluid-structure interaction and code implementations qualitatively and par-
ticularly quantitatively with respect to efficiency and accuracy of the computation and
to extend these validated configurations to optimization problems such that minimum
drag/lift of the elastic object, minimal pressure loss or minimal nonstationary oscilla-
tions through boundary control of the inflow, change of geometry or optimal control of
volume forces can be reached.

Requirements:
Meshing, FSI solver and optimizer software, 2D, laminar regime



Computational domain:
The domain is shown in the figures below. Details can be found at the website :
http://jucrijyu.fi/?q=node/14.

Geometry parameters:

Table 1. Overview of the geometry parameters.

geometry parameters value [m]
channel length L 2.5
channel width H 0.41
cylinder center position C 0.2,0.2)
cylinder radius r 0.05
elastic structure length l 0.35
elastic structure thickness h 0.02
reference point (at f = 0) A (0.6,0.2)
reference point B (0.15, 0.2)

* The setting is intentionally non-symmetric to prevent the dependence of the onset of
any possible oscillation on the precision of the computation.

* By omitting the elastic bar attached with the cylinder one can exactly recover the
setup of the well known ‘flow around cylinder” benchmark configuration which can
be used for validating the CFD part.

* The control points are A(t), fixed with the structure with A(0) = (0.6, 0.2), and

B=(0.15, 0.2).

Illustration of the computational domain:




Inflow outflow

ﬁT

Modeling: physical properties:

* incompressible Newtonian fluid (Navier-Stokes)

* elastic compressible solid (St. Venant-Kirchhoff material)

* see attached papers for more details at the website: http://jucri.jyu.fi/?q=node/14

Table 2. Material combination.

parameter FsI1 FSI2 FSI3

8= p{’i [10°£5] 1 1 1

v 0.4 0.4 0.4

Ae= 0o 3.5x10° [14x10° |1.4x10°
Re= L4 20 100 200

U [%] 0z 1 2

Boundary and/or initial conditions for computations:

Boundary conditions:
* A parabolic velocity profile is prescribed at the left channel inflow

y(H-y) _ 4.0
Vo =1502E N _ 1 55 0.41 -
©.5) & o168 »)

such that the mean inflow velocity is U and the maximum of the inflow velocity is
1.50.

* The outflow condition can be chosen by the user, for example stress free or do nothing
conditions.

* The no-slip condition is prescribed for the fluid on the other boundary parts i.e. top
and bottom wall, circle and fluid structure interface I'V.

Initial conditions:

Suggested starting procedure for the non-steady tests is to use a smooth increase of the
velocity profile in time

Optimization:
Lift reduction under variation of geometrical design variables and boundary control.



Design parameters:
* Boundary control

Objective function definition:
minimize (lift* + el | V21 |) (definition of lift see attached papers on the website:

http://jucri jyu.fi/2qg=node/14) w.r.t V, velocity from top and V/, velocity from bottom
(parabolic), where V = ( v, VZ) is from x € (0.45, 0.6) and @ =1,1072,10*, 10

for tests.
Results:

Quantities of interest
* The results should be presented for three mesh levels in a table.
* The position of the end of the structure, displacement in x- and y- directons, drag

and lift, V1 and V2 and additionally the number of equations, number of iterations,
and CPU time.

* Forces exerted by the fluid on the whole body (lift and drag forces acting on the
cylinder and the structure together).

* Frequency and maximum amplitude (for nonstationary tests)

1st step:
Stationary results without and with optimization:
* Produce results for CFD1, CSM1 (see attached pdf fileat the website:
http://jucrijyu.fi/?q=node/14).
* Calculate FSI1.
* CalculateFSI1+Opt, which tries to find a configuration with minimum lift value in
case of optimization (see table of example 1 in ppt file attached at the website:
http://jucrijyu.fi/?q=node/14).

2nd step:
Nonstationary results without optimization:
* Produce results for CFD2/3, CSM2/3 (see attached pdf file at the website:
http://jucrijyu.fi/?q=node/14).
* Apply your code on FSI2 and FSI3.

Suggestions:
* Validate your code for CFD1-3, CSM1-3 without fluid structure interaction.
* Validate your code for FSI1and FSI1+Opt with optimization (see table of example 1 in
ppt file attached at the website: http://jucri.jyu.fi/?q=node/14).
* Send us results for FSI1+Opt until fall.

Link: http://jucri.jyu.fi/?q=node/14
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TA2 Inverse or optimization problems for
multiple (ellipse) ellipsoid configurations

Chairman: Jyri Leskinen, jyri.leskinen@mit.jyu.fi

Organization: University of Jyvaskyla

Country: Finland

Jyviaskyld contact: Jyri Leskinen, jyri.leskinen@mit.jyu.fi

Keywords: inverse problems, shape recovery, CFD, electromagnetics, acoustics
Introduction:

This academic test case was developed in order to study algorithmic convergence by
splitting the inverse problem (recovery of target pressure on the surface) into smaller
subproblems. It also provides a way to study the behaviour of algorithms with meshes
of different quality. Finally, it can be expanded into a simple test platform for multiphys-
ics optimization (computational fluid dynamics, computational electromagnetism, and
aeroacoustics), both in 2D and 3D.

Objectives:

Aerodynamic reconstruction problem

Recovery of the original position of two ellipses (2D) or ellipsoids (3D) using potential,
Euler, or turbulent Navier-Stokes flows.

CEM radar wave problem
RCS optimization using perfectly conducting or coated material (under development).

CAA wave problem
Noise prediction and reduction (under development).

Requirements: Navier-Stokes solver, acoustics solver, Maxwell solver

Computational domain: See the figure for the 2D case.

S,=S, = 160 height (and width) of the bounding box
S, = 320 length of the bounding box
X z = —oU, —oU, — ront lower left corner of the bounding box
v Yy Z, (-80, 80, —80) front lower left f the bounding b
L, = 2.0 length of the ellipse/ellipsoid 1
h, w, = 0.5 height (and width) of the ellipse/ellipsoid 1
z, = 0 position on the z-axis of the ellipsoid 1
l, = 10.0 length of the ellipse/ellipsoid 2
h, w, = 1.0 height (and width) of the ellipse/ellipsoid 2
X, Y., Z = (0,0,0) osition of the ellipse/ellipsoid 2
v Yr % P p p
L = 3.5 length of the ellipse/ellipsoid 3
h, w, = 0.5 height (and width) of the ellipse/ellipsoid 3
z, = 0 position on the z-axis of the ellipsoid 3



Illustration of the computational domain:

By

A\
AT
A%

Modeling: physical properties:
Aerodynamic reconstruction problem

* Incompressible fluid (Navier-Stokes turbulent flow).
« Kinematic viscosity V' =1/100.

Boundary and/or initial conditions for computations:
Aerodynamic reconstruction problem

« Upstream entrance: # = 1.0, angle of attack @ =3.0°
» Downstream exit: free boundary conditions

» Ellipse/ellipsoid surface: no-slip condition

Material Parameters:

* Solid

* Fluid

Optimization:
Aerodynamic reconstruction problem

Reconstruction of the target pressure on the surfaces of the ellipses. The target vector is

xF=lx,y, a,y,y, a)={-14.0,-1.0,-3.0°,15.0,-1.0, 3.0 °}.
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Design parameters:

Aerodynamic reconstruction problem

-20.0 < x, < ~13.0
30 < y, < 0.0
-10.0° < a, < 0.0°
145 < x, < 20.0
30 < y, < 0.0
0.0° < a, < 10.0 °

Objective function definition:
Aerodynamic reconstruction problem

position of the ellipse 1

clockwise angle of the ellipse 1

position of the ellipse 3

clockwise angle of the ellipse 3

The objective function f = fl + fZ + fs is the L? error norm of the surface pressure,

fi

()

™

Jr, PP
Jr, lp2—p3F
Jr, lps—p5f

where p. is the current pressure and pi* the target pressure on the surface of the ellipse

i, respectively (i ={1, 2, 3}).
Results:
Aerodynamic reconstruction problem

* Pressure contours of the best solution
* Final mesh

* Averaged convergence curves of the tested algorithms
* For the tested algorithms the following values are required

* mean final value
* standard deviation
* minimum value
* maximum value

* average number of fitness calculations required

Link: http://jucri.jyu.fi/?q=node/5
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TA3 Numerical investigation of two
dimensional flow over Darrieus-type
wind turbine

Chairmen: Matti Nurmia, matti.j.nurmia@jyu.fi
Petja Sidoroff, petja.sidoroff@jyu.fi

Organization: University of Jyvaskyla

Country: Finland

Jyviaskyld contact: Tero Tuovinen, tero.tuovinen@jyu.fi

Keywords: Darrieus, turbulent flow, turbine

Introduction:

Vertical axis wind turbines (VAWTSs) offer an alternative way of exploiting wind energy
over conventional horizontal axis wind turbines (HAWTs). It can’t be argued that which
design is better as both designs have their distinct advantages. However, in terms of
modeling, VAWT flow conditions have additional complexity over those of a HAWT.

The problem is to solve the relevant flow equations in two dimensions when the turbine
is rotating at a specified tip speed ratio. Utilizing a turbulence model will be necassary.

Objectives:

The main goal is to calculate lift forces and resultant torque on a circular Darrieus-type
VAWT. In addition, the effects of airfoil geometry and variable pitch angle may be stud-
ied and the design optimized by varying these

parameters to maximize the lift and torque. 1

Requirements:
Two dimensional Navier-Stokes flow solver
with turbulence model.

Domain and boundary conditions:

The computational domain is rectangular, hav-
ing width of 3 turbine diameters and height
of 10 turbine diameters with propeller located  [9 3
at the upstream portion of the domain, with
center located at one diameter from the top
side and 1.5 diameters from the left side. The
induced vortices are directed towards the bot-
tom turbine location must take this effect into
account.

Bondary conditions are as follows: no slip con-
dition at the turbine blades, fixed velocity at
boundaries 1, 2 and 6, outflow conditions at
boundaries 3, 4 and 5.

12



Physical properties:

Incompressible turbulent flow of air.

Ratio of propeller speed to the airflow speed (tip speed ratio) 7.
Free stream speed 10 m/s.

Design parameters:

Turbine radius: 3 m

Number of blades: 4 (symmetrical arrangement)
Airfoil: cambered 4-digit NACA airfoil:

& 3 4
y=c—— 102069 % /% —0.1260 (5) — 03516 (f) +0.9843 (f) —0.1015 (5) ,
0.20 Ve c o o e

xr T
ycz;inf—z(?p——) 0<x=<p
P ¢

c—z (1+$ 9 )

e =M — = e

R S o e A
yc=mean camber line 0.z

y = airfoil top profile

0.85
El [

Figure 1: Airfoil profile ° = o ) = = :

Optimization:

* Chord length ¢

» Camber magnitude 1

* Camber position p

» Airfoil thickness f

* Variable blade pitch so as to maximize lift

Results:
» Lift as a function of rotating angle
* Torque as a function of rotating angle
* Power coefficient
* Airfoil shape parameters
* Optimal pitching angle as a function of rotational angle

Link: http://jucri.jyu.fi/?q=node/19



TA4 Optimization of beam profile in fluid-
structure interaction

Chairman: Peter Raback, raback@csc.fi

Organization: CSC - IT Center for Science

Country: Finland

Jyviaskyld contact: Tero Tuovinen, tero.tuovinen@jyu.fi

Keywords: Fluid-structure interaction, Elastic beam, Optimization
Introduction:

The test case combines fluid-structure interaction with optimization in a simple but ef-
fective way. The cost function is well defined, has a definate global minimum and its
evaluation requires the solution of a strongly coupled fluid-structure interaction prob-
lem. The individual problems are easily solved while the coupled problem sets require-
ments to the efficient coupling of the different subproblems.

The one biggest challenge of the case is to find a surface presentation that allows suf-
ficient freedom in design and also enables the use of efficient optimization techniques.
The test case may be used to provide a reference solution for the verification of software
components for multiphysical optimization problems. Even though the case itself is not
realistic it may help in the development and testing of tools needed for industrial fluid-
structure interaction problems.

Objectives:

The aim is to optimize the geometry of an elastic beam so that it bends as little as pos-
sible under the pressure and traction forces resulting from viscous incompressible flow.
The profile of the beam has an effect both on the flow and the structural stiffness of the
beam, respectively.

The case includes three different variations. The first case is fully linear and involves
only one-directional coupling between the models. The linearity is achieved by neglect-
ing the inertial forces in the Navier-Stokes equation, and by setting the beam to be so stiff
that its bending is so small that its influence on the flow does not need to be taken into
account. This also means that there is no geometric nonlinearities in the problem. The
second variation increases the Reynolds number but the coupling is still one-directional.
The third variation includes geometric nonlinearities in the elasticity equation, and non-
linearity resulting from the fluid-structure coupling. The optimum profile of the linear
problem will not depend on any of the material parameters while in the nonlinear case
the optimum profile will be parameter dependent.

Requirements:
* Incompressible Navier-Stokes solver for laminar flow
» Elasticity solver for large displacement
* Method to extent elastic deformarmation of the to the geometry of the fluid mesh
+ Capability to solve fluid-structure-interaction problems

14



Computational domain:
* Rectangular domain of size 10 X 2
* Standing beam (height = 1, total area = 0.3), the tip of the beam located at x = 2.5

Illustration of the computational domain:

A

A possible initial geometry for the case

Modeling: physical properties:

Property Case A Case B Case C
Density of fluid 0 kg/m’ 10 kg/m’ 10 kg/m’
Viscosity of fluid 1m/s? 1m/s’ 1m/s’
Young’s modulus of structure | 1¢9 Pga 1¢9 Pa 2¢4 Pa
Poisson ratio of structure 0.3 0.3 0.3

Boundary and/or initial conditions for computations:

Boundary conditions:
* Left-hand side boundary: inlet with mean velocity 1 and a parabolic inlet flow
profile, v_=2/3y (2 -y)
* Right-hand side boundary: outlet which vanishing traction component
* FSI-boundary: force equality
¢ Other boundaries: no-slip boundaries

Material Parameters:
* Solid
¢ Fluid

Optimization:

The goal is to optimize the shape of the left-hand side wall of the beam so that its height
and area stay fixed. The width at the bottom may freely vary as long as the other con-
straints are met.

15



Design parameters:
The standing beam: height = 1, total area = 0.3. The left and right walls may be assumed
to be smooth.

Objective function definition:

f=max(|u|)

Results:
The different solutions may be compared to each other using 0D, 1D and 2D data. Below
the different data for comparison is defined.

Scalar values:
* Maximum displacement on the beam at optimum
* Maximum displacement on the beam at rectangular shape
* Displacement reduction factor
* Area of the optimized beam
* Parametrization of the left wall pro file

Ideally the results are saved in a format which enables that the results are studied with
the same software. For line plotting the natural format is a table where the columns rep-
resent different fields and the rows different nodes.

* The shape of the left side wall as a [y ; x] table
* The displacement on the left side wall as []/ ; uX] table
* The pressure on the left side wall as [y ; p] table

Contour plots:

Ideally the results are saved in a format which enables that the results are compared
within the same visualization software. For 2D the contour plots this format could be the
VTK format (or its newer XML generalizations) that enable visualization with all VTK
derived software such as Paraview.

+ Contour plot of absolute velocity
* Contour plot of pressure
+ Contour plot of displacement

Additional information:

The results may also discuss the different numerical methods and optimization algo-
rithms used. For successful comparison this information is however, not required.

Link: http://jucri.jyu.fi/?q=node/8
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TA5 Shock control bump optimization on a
transonic laminar flow airfoil

Chairman: Ning Qin, n.qin@sheffield.ac.uk

Organization: University of Sheffield

Country: UK

Jyviaskyld contact: Wang Hong, hong.m.wang@jyu.fi

Keywords: Shock control bump, transonic flow, natural laminar flow airfoil
Introduction:

Reducing aircraft drag has a huge impact on reducing aviation emission, therefore, for
greener air transport. Shock control bumps are effective in reducing the wave drag, a
component of the total drag, at high subsonic or transonic speed range.

The challenges are: (1) to assure good accuracy of aerodynamic force calculation; (2)
to assure high quality and consistant meshes for all the designs; (3) to find the global
optimum.

The Navier-Stokes equations are to be solved and there are a large number of flow
solvers. Comparison of the solution for the original airfoil flow forms a good starting
point.

Objectives:

Drag reduction for transonic wings is crucial for the aeronautical industry, for control
of aviation emission and operational efficiency. Shock control bumps were found to be
effective in reducing the wave drag and the total drag if installed on transonic airfoils or
wings. However, their effectiveness relies on the position, height, and size of the bumps.
In this test case, we will look into the optimal design parameters for a given laminar flow
airfoil, i.e. RAE5243 airfoil, at the design Mach number and Reynolds number. It will be
divided into two cases: (1) fully turbulent flow; (2) fixed transition at 45%. The optimiza-
tion will be constrained by the given lift condition.

Requirements:
* Navier-Stokes flow solver with turbulence modelling
* Optimization method with lift constraint

Computational domain:

Figures 1 and 2 here show the airfoil, the bump and its parameterisation. The computa-
tional domain is suggested to be 20 chord length away from the airfoil in all directions.

17



Illustration of the computational domain:

ylc

0.08

0.06 4

0.04

0.02 4

——Datum section
——Bump section

Modeling: physical properties:
* Air as perfect gas
* Laminar or turbulent flow
(fixed transition)

Table 1. Test cases

Aerofail

RAEE243

RAES243

My Re; o
0.58 19 x 108
0.58 19 % 108

Figure 1. RAE5243 with
shock control bump

Figure 2. Bump design
parameters

G Flow condition |
0.82 Fully turhulent

0.82 45% transition

Boundary and/or initial conditions for computations:
* Steady state solution
* No-slip boundary condition at wall and far field boundary

condition
¢ Fully turbulent or fixed transition

18



Material parameters:
Fluid

Optimization:
Minimum total drag Min C ; for given Cl

Design parameters:
Bump height, position, length and crest position

Bounds of design parameters:

Bump crest position

0<X_ /C<1

Bump starting point to crest

0<X /C<X /C

bumprelative bumplength

Bump total length
0<X /C<0.4

bumplength

Bump height
0<.’_"|.Yh/C<0.05

Objective function definition:
Total drag of the airfoil C = C

+
d,pressure d,friction

Results:

Results for datum airfoil:
Lift curve, drag polar and flowfield at the given Cl

Results for optimized airfoil:
* Bump shape and position parameters
» Lift, drag (both components) and pitching moment at the design condition
» Lift curve and drag polar for a range of lift around the design point

Data to be stored requested from Analysis
Flow field data

Link: http://jucri.jyu.fi/?q=node/4
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TI1 MDO of Mobile Phone:
Antenna, SAR, HAC and Temperature

Chairman: Jari Jekkonen, jari.jekkonen@nokia.com
Organization: Nokia Corporation

Country: Finland

Jyviaskyld contact: Jyri Leskinen, jyri.leskinen@mit.jyu.fi

Keywords: Mobile phone, antenna, SAR, HAC, Temperature
Objectives:

Maximise transmitted power of two GSM bands and at the same time minimise
E-fields around ear piece for hearing aid compatibility. Also minimise SAR values to
human head.

Requirements:
Realistic phone model (template given size and “must” use modules, as display, bat-
tery, antenna volume, etc.) with realistic materials.

Computational domain:

» Simplified mobile phone

* Sources

* Boundaries Illustration of the computational domain:

Parts to be included to the model =

Ear piece - copper S P 5
Display module - stainless steel = i i

Key pad - ABS/PC plastic @— &«
Antenna support - ABS/PC
Battery - aluminium

Printed wired board - copper

Shield can - stainless steel
Battery cover - ABS/PC

CoNoaRr~LON=

A-cover - ABS/ . 46
PC
10. B-cover - ABS/ | 100 ‘[ 15[‘
PC

I_x
&

]
12.88

50

99

\
—/

7.
{

40

Dimensions for
the PWB and

|] i
u I
other i w ﬁ 7
components of the | 1 L
S 4? il 5
phone -
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Dimensions
 — for the phone
Modeling;:
physical properties:

* Antenna performance:
* Antenna matching
* Total Radiated Power (TRP)
* Hearing Aid Compeatibility (HAC - Category M3)
* E-fields above earpiece from specified height and area
* SAR (human head)
¢ Surface temperature of keypad

Boundary and/or initial conditions for computations:
* Case 1:
* Antenna and HAC
optimisation
* Case 2:
* Antenna, HAC, SAR and
Thermal optimisation

Example geometry for the
antenna radiator
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Optimization:
* Antenna bandwidth in 850/900MHz and 1800/1900MHz bands
. 51 . of antenna feed

* Minimise E-field for HAC
* Minimise SAR values
* Minimise temperature on keypad

Design parameters:
* Antenna element dimensions
* Grounding points of mechanical structure
* Dimensions and groundings of thermal conductor

Objective function definition:

. 511 < -6dB with in each band, 824-960MHz and 1710-1990M Hz

According to ANSI C63.19-2006 standard

« E-field < 266,1 V/m@f < 960MHz and E—field < 84,1 V/m@f > 960MHz on

the earpiece area

« H-field < 0,8 A/m@f < 960MHz and H—field < 0,25 A/m@f < 960MHz on the

earpiece area

+ SAR <1,6 W/kg in human head (CTIA standard head model/TBD)

Conformity level

« Temperature of keypad < 55 °C
« Temperature difference on display between any two points <10 °C

Results:
Antenna performance:
» Total radiated power (TRP) in dBm and antenna efficiency in percentage.

Antenna matching:

* 2d-plot; x-axis for frequencey from 800MHz to 2000MHz, y-axis for S, | from -30
to 0 dB.

Link: http://jucri.jyu.fi/?q=node/6
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TI2 Patria AST
Test Case 2.1

Chairman: Petri Hepola, petri.hepola@patria.fi
Organization: Patria Aerostructures Oy

Country: Finland

Jyvidskylad / CSC contact: Tero Tuovinen, tero.tuovinen@jyu.fi

Keywords: Structural mechanics, Shape optimization
Objectives: Optimization of a generic aircraft control surface
Requirements: Structural analyzer, Optimizer

Computational domain:

Control Surface Dimensions (figure 1):
* Rectangular plan form with 3000mm x 1000mm dimensions
¢ Triangular cross section with 1000mm chord and 200mm height

Cross Section (figure 2):

* Uniform cross section along the span

* The maximum number of the internal spars is limited to 10 spc

* Spar locations and tilting to be freely chosen

» Skin and spar thicknesses to be freely chosen

* Fittings not included in the optimization, supports can be assumed ideally rigid
* The control surface structure is closed with inner and outer end ribs

Fittings (figure 3)

Illustration of the computational domain:

Figure 1. Control Surface Dimensions
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Modeling: physical properties:
Material Data for aluminium:

Density (kg/m?) 2795

Elastic modulus

E (GPa) 71
Poisson’s v 0.3
Loads:

The aerodynamic loading is assumed to follow triangular shape on both the upper and
lower surfaces as shown in the figure 4.

Boundary and/or initial conditions for computations:
See Fig 3, Fig 4

Material Parameters:
Solid

Optimization:
Objective is to minimize the mass.

Design parameters:

x=[t t,t, .. t]

17273

Objective function definition:

Minimize Finass(x) Objective is to minimize the mass

Subject to  Opax(%) < tomm Constraint for maximum displacement
Pk z Constraint for minimum buckling factor
O ponisises = 260MPa Constraint for max Von Mises stress
% < 0005 Constraint for surface waviness (see figure 5)
b(x) < amm Constraint for wave amplitude
x = [t --- 1,7  Thickness design variables (considered as

continuous)

Note: Material thickness of each skin, spar and end rib_has to remain constant along its
surface area.

Results:

* Final cross section geometry incl. thickness of spars and skins used (1111)
¢ Optimal mass complying to requirements

(x)))

* Optimization convergence curve (iteration #, best min(F
mass

Link: http://jucri.jyu.fi/?q=node/11
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TI2 Test Case 2.2

Chairman: Petri Hepola, petri.hepola@patria.fi

Organization: Patria Aerostructures Oy

Country: Finland

Jyvidskyla / CSC contact: Tero Tuovinen, tero.tuovinen@jyu.fi

Keywords: Composite laminates, Structural mechanics, Shape optimization
Objectives: Optimization of a generic aircraft control surface
Requirements: Structural composite analyzer, Optimizer

Computational domain:

Control Surface Dimensions (figure 1):
* Rectangular plan form with 3000mm x 1000mm dimensions
¢ Triangular cross section with 1000mm chord and 200mm height

Cross Section (figure 2):

* Uniform cross section along the span

* The maximum number of the internal spars is limited to 10 spc

* Spar locations and tilting to be freely chosen

» Skin and spar thicknesses to be freely chosen

* Fittings not included in the optimization, supports can be assumed ideally rigid
* The control surface structure is closed with inner and outer end ribs

Fittings (figure 3)

Illustration of the computational domain:
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Figure 3. Fittings
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6KPa |
11

Actual outer skin profile

Modeling: physical properties:
Material Data for UD Tape:

Density (kg/m?’) 1600
Layer thickness (1) 0.15-10.0

Elastic modulus

E1 (GPa) 125
Ez (GPa) 45
G12 (GPa) 4.5
Poisson’s v 0.35

Figure 4. Aerodynamic
loading

Figure 5. Allowed fiber
orientations

Figure 6. Surface
waviness parameters

Allowable strengths
Oy (Pa) 1300
Ty (MPa) -800
Tr (MPa) 60
O (WP} -120
T2 (MPa) 70

Material Data for aluminium:

Density (kg/m?’) 2795

Elastic modulus

E (GPa)

71

Poisson’s v 0.3
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Loads:

The aerodynamic loading is assumed to follow triangular shape on both the upper and

lower surfaces as shown in the figure 4.

* The stacking sequence to be freely chosen

+ Allowed fiber orientations are shown in the figure 5

Boundary and/or initial conditions for computations:

See Fig 3, Fig 4

Material Parameters:
* Solid

Optimization:
Objective is to minimize the mass.

Design parameters:

x=[t t,t, .. t]"

Objective function definition:

Minimize  F, . (x)

S g ) <
Ppuck 2
CERP + (PP + (427 - ("R <
i <
bx) <
; .

10 mm

where

0.005

3mm

[t 1385 - 2a]”

Chijective is to minimize the mass
Constraint for maximum displacement
Constraint for minimum buckling factor
Constraint for failure criterion

X I3 the fibre direction tensile or
compressive allowable

¥ is the tensile or compressive allowahle
trangverse to fibres

5 is the shear allowable
b, For further details see Teai-Hill criterion

Constraint for surface waviness (see figure
6)

Constraint for wave amplitude

Thickness design variables (considered as

continuoug)

Note: Material thickness of each skin, spar and end rib_ has to remain constant along its

surface area.

Results:

* Final cross section geometry incl. thickness of spars and skins used (#1111)

* Optimal mass complying to requirements

* A table of fiber orientation in skins and spars
« Optimization convergence curve (iteration #, best min( Fmass( x)))

Link: http://jucri.jyu.fi/?q=node/12
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TI2 Test Case 2.3

Chairman: Petri Hepola, petri.hepola@patria.fi

Organization: Patria Aerostructures Oy

Country: Finland

Jyvidskyla / CSC contact: Tero Tuovinen, tero.tuovinen@jyu.fi

Keywords: Composite laminates, Structural mechanics, Shape optimization
Objectives: Optimization of a generic aircraft control surface
Requirements: Structural composite analyzer, Optimizer

Computational domain:

Control Surface Dimensions (figure 1):
* Rectangular plan form with 3000mm x 1000mm dimensions
¢ Triangular cross section with 1000mm chord and 200mm height

Cross Section (figure 2):

* Uniform cross section along the span

* The maximum number of the internal spars is limited to 10 spc

* Spar locations and tilting to be freely chosen

» Skin and spar thicknesses to be freely chosen

* Fittings not included in the optimization, supports can be assumed ideally rigid
* The control surface structure is closed with inner and outer end ribs

Fittings (figure 3)

Illustration of the computational domain:
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Figure 3. Fittings
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Figure 4. Aerodynamic
loading

Figure 5. Allowed fiber
orientations

Actual outer skin profile

Modeling: physical properties:
Material Data for UD Tape:

Density (kg/m?’) 1600
Layer thickness (1) 0.15

Elastic modulus

E ; (GPa) 125
Ez (GPa) 45
G12 (GPa) 4.5
Poisson’s v 0.35

30

Figure 6. Surface
waviness parameters

Allowable strengths
Oy (Pa) 1300
Oy (MPa) -800
Far Pa) 60
T3 (MPa) _120
T13 (WPa) 70

Material Data for aluminium:

Density (kg/m?’) 2795

Elastic modulus
E (GPa) 71
Poisson’s v 0.3



Loads:
The aerodynamic loading is assumed to follow triangular shape on both the upper and
lower surfaces as shown in the figure 4.

* The stacking sequence to be freely chosen

+ Allowed fiber orientations are shown in the figure 5

Boundary and/or initial conditions for computations:
See Fig 3, Fig 4

Material Parameters:
* Solid

Optimization:
Objective is to minimize the mass.

Design parameters:

x=[t t,t, .. t]"

Objective function definition:

Minimize  F,... (x) Ohjective is to minimize the mass
Subject ¢
% y A (%) < 10mm Canstraint for maximum displacerment
Pouck 2 14 Constraint for minimum buckling facior
(f)é’ﬁf + (225;2)3 + (E}%Eﬁ)? - (ﬂ (’?Y.: ("))2 % 1 Constraint far failure criterion
— X is the fibre direction tensile or
compressive allowable
¥ is the tensile ar compressive allowable
transverse to fibres
&z the shear allowable
n.b. For further details see Tsai-Hill criterion
?_@ < noos Constraint for surface waviness (see figure
[E3] = £)
b(x) < 3mm Constraint for wave amplitude
C1 7 Thickness design variables (considered as
x = gt g

% =[00.150.30 - - 15.00] mm

Note: Composite laminate of each skin, spar and end rib is allowed to vary freely along
its surface area.

Results:

* Final cross section geometry incl. thickness of spars and skins used (#1111)
* Optimal mass complying to requirements
* A table of fiber orientation in skins and spars

« Optimization convergence curve (iteration #, best min( Fmass( x)))
Link: http://jucri.jyu.fi/?q=node/13
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