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€nginSoft Flash

The 2010 Summer Edition of the
Newsletter brings to our readers news
from the simulation community, the
EnginSoft Network, our partners and
customers in Europe and the USA. The
articles and reviews on the following
pages reflect the diversity of Simulation,
CAE and Virtual Prototyping across
industry, educational institutions and
research. From automotive and aerospace
to electronics, from the petrochemical \
and 0il&Gas sectors to material |
suppliers, today’s product developers
and designers count on engineering
simulation.

While it is one thing to provide state-of-the-art software
and expertise, it is another to be ready to share and pass
on our knowledge, and to bring in our partners’ ideas,
know-how and developments.

At EnginSoft, we communicate constantly with experts
inside and outside our Network. We believe that
Networking is essential to further grow and deepen our
knowledge and hence the portfolio of services and
products for our customers. To us: Networking is a key
factor for innovation and success.

This is also what drives us to host the annual EnginSoft
International Conference, this year from 21st - 22nd
October at Fiera Montichiara/Brescia, Italy. The
Conference will take place concurrently with the ANSYS
Italian Users” Meeting, it will offer to our guests unique
insights into current and future values of software
technologies, fast ROI Return on Investment, and the
latest advancements and developments. The large
accompanying exhibition will provide a perfect platform
for International Networking.

The Conference will reflect some of the contents of earlier
events of 2010 that we also present in this Newsletter: the
International modeFRONTIER Users’” Meeting, the 4th
PhilonNet CAE Conference, the NADIA Conference for the
conclusion of the NADIA Project, and METEF, the
International Aluminium and Foundry Equipment
Exhibition where EnginSoft was awarded the “PREMIO
INNOVAZIONE 2010”, the prize for Innovation 2010.

Ing. Stefano Odorizzi
EnginSoft CEO and President
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Furthermore, this Edition features a captivating
interview with Alessandro Franzoni, CEO of
Superjet International, Tim Morris and David
Quinn of NAFEMS International give us their
views on the Future of Engineering Analysis.
- We hear from  APERIO, EnginSoft's
representation in  Spain, and their
collaboration with the Master of Technical
Specialization in Racing Industry (METCA).
. Further news from Spain include a review of the
presentation day on process integration and
design optimization organized by the AIC
Automotive Intelligence Center in Bilbao.

Our case studies show how Continental AG
improved cost and magnetic efficiency, VTI
Technologies Oy used multi-objective optimization for a
Ball Grid Array, the CompMechlLab of St.Petersburg’s State
Polytechnical University applied optimization to a spring
bearing. Eurotecnica presents a one-dimensional fluid-
dynamic study of a molten salts thermal energy storage
system and Sapa Group reports on the successful use of
ANSYS for their developments.

Our software column highlights ANSYS Maxwell, ANSYS
STR, Scilab for thermo-mechanical problems and Grapheur,
a package of tools for modeling and visualizing by
Reactive Search.

The corporate news inform our readers about EnginSoft’s
latest initiative in the United States with Cascade
Technologies and the companies’ strong ties with
Standford University. Aprilia Racing welcomed EnginSoft’s
engineers at the Superbike World Championship in Monza.
This edition also provides updates on the Verdi (Virtual
Engineering for Robust manufacturing with Design
Integration) and Nadia Projects, our worldwide Event
Calendar and other news.

To hear more and to discuss opportunities with EnginSoft
and our partners, please meet us on 21st & 22nd October
at the Fiera Montichiari in Italy.

We look forward to welcoming you!

Stefano Odorizzi
Editor in chief

€nginSoft Flash
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BELIEVE IN INNOVATION
SIMULATE THE WoRLD!

2010 ENGINSOFT INTERNATIONAL CONFERENCE
CAE TECHNOLOGIES FoR INDPUSTRY
AND ANSYS [TALIAN CoONFERENCE

FIERA MONTICHIARI (BS) - ITALY - 21-22 oCTOBER 2010

INVITATION & 2nd ANNOUNCEMENT

Register fast to take advantage of the €arly-Bird rates!
www.caeconference.com

For more than 20 years, the EnginSoft International
Conference on “CAE Technologies for Industry” has been the
reference event for the VP community in Italy. The
Conference offers unique insights into current and future
values of software technologies, background trends,
outstanding achievements, groundbreaking scientific
developments and the visions of those who realize
advancements. The Conference reflects and meets industry
needs on different levels, from the perspective of managers
and decision makers, technical experts, software users up to
human resources analysts.

Conference delegates are invited to attend
all Program Sessions:

Plenary - Mechanical Engineering - CFD - High
Frequency - Optimization Technologies -
Design Chain Technologies - Casting Processes
- Forging Processes

and additional Conference Highlights which include:

e a Think Tank bringing together executives from industry,
research, academia and technology providers, to foster
the understanding of engineering simulation and its
impact on the future and success of your business;

e a Panel of simulation-based engineering, science and
technology experts. The panel will document how recent
and future technical developments should improve
accuracy, reliability, accessibility and applicability of
engineering simulation results, as well as computational
speed;

e an exhibition, unprecedented in this sector in Italy,
where leading providers of CAE and VP Technologies will
showcase their latest solutions and share their visions
and strategies;

e an informal environment for delegates, technology
providers, managers and experts to meet and exchange
experiences, address key industry issues and challenges,
and explore new business opportunities.

Do not miss the ideal occasion to discuss today's
limitless applications of “simulation based engineering
and sciences” in the true sense of the conference motto:

“Believe in innovation: simulate the world”

The conference takes place concurrently with the ANSYS
Italian Users” Meeting. ANSYS is the major partner of
EnginSoft, and the leading global provider of engineering
simulation technologies. The conference will therefore be of
utmost interest to the community of ANSYS users.

l l
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2010 ENGINSOFT INTERNATIoNAL CoNFERENCE

CAE TEcHNoLoGIES Folt INDUSTIEY

ENGIN|
SOFfT

Fiera MonticHiar (BS) - [TALY - 21-22 OLToBER 2010

As every year, delegates and exhibitors use the exhibition as
a platform and international networking forum to gain new
insights, share experiences and find new business
opportunities.

This is where the experts meet and discuss:
How Virtual Prototyping can speed up design and product
development delivering ROI in many forms - in just days!

For more information on how to become a sponsor and
exhibitor, please contact: eventi@enginsoft.it

Gala Dinner and Conference Social ; : & 4
EnginSoft and ANSYS Italia are delighted to invite all "~ ~ :
conference attendees to Villa Fenaroli for this year's gala 1

dinner and evening program. Villa Fenaroli is one of the most
prestigious villas of the Lombard 18th Century in the
immediate vicinity of Brescia.

Enjoy with us Italian hospitality, authentic fine cuisine and
wine in marvellous grounds!
www.hotelvillafenaroli.com

Conference Exhibition

The accompanying exhibition will see the world's leading
solution providers showcasing products and services covering
all aspects of CAE technologies and their successful
implementation.

GOLD SPONSORS SILVER SPONSORS SOME EXHIBITORS

MM m'@ & ‘El" EFI‘!HI‘I"ID':_T BT ,&WHAFEMS <
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Multi-Objective Optimization of a Ball
Grid Array of a capacitive MEMS

Capacitive MEMS accelerometers may be directly soldered to the printed circuit board by an array of
solder balls. Differences in the thermal expansion coefficients of the pertinent materials cause
deformations of the accelerometer under temperature change. This may cause a relative movement of
the sensing masses with respect to the sensing electrodes, resulting in a change in capacitance and a
false acceleration output. A multi-objective optimization was used to find the best location of the solder
balls which minimized the measurement error under varying temperature and, at the same time,
maximized the expected service life due to fatigue of the solder balls. While the achieved improvement
in service life was moderate, an order of magnitude improvement was achieved for the predicted

measurement error.

1. Introduction

VTI Technologies Oy develops and manufactures micro electro
mechanical systems (MEMS) and the main products are
capacitive low-g accelerometers which for instance are used
in automotive electronic stability control (ESC) systems. An
accelerometer is attached to the printed circuit board (PCB)
by an array of solder balls. The attachment type is referred to
as a ball grid array (BGA) due to the shape and layout of the
solder balls (Figure 1).

The measurement principle for a low-g accelerometer is
outlined in Figure 2. A mass is attached to an anchor via a
spring, and under acceleration the mass which holds the
sensing electrodes moves with respect to the static
electrodes. The movement changes the gap and thus the
capacitance which is then measured. The final product which
is soldered to the PCB includes multiple materials, each with
a different thermal expansion coefficient. Unfortunately this
may cause the sensing elements to move as change and send
out a false acceleration output, referred to as an offset error.

Figure 1 - The baseline design of the ball grid array is evenly spread over
the available surface. The MEMS structure may be seen behind the gray
solder balls.

Accelerometers are normally exposed to small vibrations
which may cause fatigue and failure of the electrical
connection between the accelerometer and the PCB. Both the
offset error and the fatigue life are affected by the layout of
the BGA and the objective of the study is therefore to
minimize the offset error and, at the same time, maximize
the expected service life.

2. The numerical model

In order to keep the model size reasonable, the active sensor
elements were not included in the FEM model. We assume the
movement of the anchors can be directly mapped to the
offset error, i.e. the larger the movement, the larger the
offset error as a function of temperature.

Mesh controls were employed to ensure dense mesh in critical
parts of the model and to achieve a consistent mesh between
different geometries. Ten noded tetrahedral elements were
used in the linear model and typical model size was 400000
elements or 1.65 million degrees of freedom. Plasticity and

Anchor

1& |

Spring

Figure 2 - A low-g accelerometer measures the change in capacitance with
varying gap size. The gap, typically 1.5 to 3 um, changes when acceleration
forces move the mass.

Case Studies




Figure 3 - The solder balls, seen on top of the PCB, have a refined mesh.

creep of the solder was omitted and two load cases with
different temperature were used, +85°C and -40°C.

Figure 3 displays a part of the meshed model, the solder balls
on the PCB.

3. Multi-objective optimization

The general multi-objective
optimization software modeFRONTIER
was used to automate the design
evaluations and steer the process
towards its optimum. The generalized
process has been outlined in Figure 4
and consists of setting input
parameters, running the simulation,

reading the results and deciding which Figure 5 - Anchors and their numbering
within one of the sensors measuring in the

design to evaluate next. The loop is
then repeated until the optimum has
been found or, more commonly, good enough results are
obtained and resources are needed better elsewhere.

y-direction.

3.1 What to measure

An optimization task always starts with the definition of the
objectives and how to measure them. The selected result
should in a single number capture how well the design
performs with respect to the objective. In this case the value
function Fw: was a measure of the relative movement of the
anchors of the sensing and static electrodes:

Fror = |F(Dyj) + F(Ds)| + |F(D2;) + F(Ds|(1)
where the average displacement of the top surface of an
anchor is defined as

|
D = < j , (x, y)dyex

W
oy

The sensor was identified through i=1,2,3,4 and j=1,...,6
identifies the anchor within the sensor, see figure 5. Sensors
i=1,3 measure in the x-direction and sensors i=2,4 in the y-
direction. u is the x-displacement for i=1,3 and the y-
displacement for i=2,4.
To maximize the service life, one aims to minimize the solder
fatigue through minimizing the peak stress in the solder
balls.

Newsletter EnginSoft Year 7 n°2 - 9

3.2 Parameterization of the BGA layout

It was desirable to investigate a large design space which
included fundamentally different designs compared to the
baseline, see figure 6. For that reason the parameterization
had to be very general, allowing each solder ball to move
freely over most of the surface, see figure 7.

In order to take manufacturing constraints into account, the
minimum allowed distance between center to center of two
solder balls was increased from 330 pm, respecting only the
solder balls, to 500 pm.

3.3 Process automation

Each design candidate was evaluated in an automatic
process, including import of CAD geometry and moving each
solder ball to the specified location. The design was then
meshed, solved and the offset error, as well as the stresses,
was extracted. Based on the log files, a command file in
Matlab format was assembled which carried out
the process above. The command file included
the move command of each solder ball as well
as a set of custom postprocessing commands.
Besides saving the specified results to an ascii
file, several plots of interesting results were
saved for continuous monitoring.

In order to capture designs where solder balls
were located too close, a collision detection
check was implemented directly in
modeFRONTIER. As can be seen in figure 8,
each design candidate is first checked for
collisions. Only designs with zero collisions are
passed on to the solver for evaluation.

The optimization was run on a 64-bit Linux system and the
solution time for a design evaluation varied from 9 to 15
minutes.

4. Optimization strategy

In order to allow BGA design layouts which were very
different from the baseline design, the range of each input
parameter had to be wide. It was therefore not possible to
avoid collisions. As the collision check stops impossible
designs from being evaluated, the learning process of the
optimization algorithm is slowed down.

A good choice for this type of situation is the Multi-Objective
Genetic Algorithm (MOGA-II), one of the most popular
algorithms available in modeFRONTIER. By using a
population of designs, it mimics the genetic mechanisms

Figure 6 -- t was desirable to try out very different BGA layouts such as the
example on the right, compared to the baseline design to the left.

Case Studies




IO - Newsletter EnginSoft Year 7 n°2

Figure 7 - In order to realize probably every possible design configuration,
the parameter ranges of each solder ball had to be generous. The orange
rectangle shows the parameter space of the green solder ball.

found in nature to search for the best designs. Here, an
initial population of about 50 designs would be suitable.

4.1 Creating the initial population

The initial population may be created by setting up a large
Design of Experiments (DoE), running the collision test and
then selecting 50 well separated designs from those who
pass. Unfortunately, a Sobol space filler DoE of 256000
designs was executed in 1.5 hours without finding a single
feasible design. In this 24 dimensional input parameter
space, collisions between the solder balls are obviously
common.

In the second attempt, 6 interesting and different BGA
layouts were designed manually. Unfortunately, only the
baseline design solved without errors. A later investigation
revealed that the root cause was the mesh control settings
but at this stage, the model was not changed.

The third attempt used the baseline design as a starting
point for the Multi-Objective Game Theory (MOGT) algorithm.
Despite being a pretty efficient and sensitive algorithm,
MOGT evaluated 168 designs in 5 hours before it was
manually stopped. Out of the 168, 140 designs failed to
evaluate, mainly due to colliding solder balls, but some 5
percent due to geometry, meshing and solver errors.

Figure 9 shows the two conflicting goals where the utopia
point, located in the lower left corner, implies a vanishing
offset error at the lowest peak stress possible. The best
designs with respect to the conflicting objectives are called
the Pareto set (marked by green rings), and are located at
the Pareto front (orange line). As a welcome side effect in
our search for a suitable initial population for MOGA, we
found a design which had 2% lower stress and 74% lower
offset error than the baseline design.

4.2 Multi-objective optimization

Good initial designs are one of the most efficient ways to
speed up the optimization process for obvious reasons.
Another is to reduce the size of the design space which is
being searched. In this case, the reduction of possible
combinations was not the main reason. Instead, smaller
parameter ranges decreased the risk of collisions and hence
increased the possibility for the algorithm to learn.

Using the parallel coordinates chart, see figure 10, the
variation between the current Pareto designs was evaluated
for each input parameter. In order not to limit the
performance of the best solutions, a margin of approximately
the same size as the variation was added when each input
parameter got a new reduced range.

It was decided not to follow the recommended size of the
initial population but rather use a significantly smaller set.
The main reason for this was the inability to create an initial
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Figure 8 - The optimization logic is visualized by the modeFRONTIER
workflow. At the top there are 24 input variables and under the bold process
line we find extraction of results and specification of constraints and
objectives. Each design is checked for collisions and only zero-collision
designs are passed on to the solver.

.

| —a 1

Basalinae Design

Figure 9 -Starting from the baseline design, the Multi-Objective Game Theory
algorithm was able to find significantly improved designs in 5 hours. The
orange line marks the Pareto front between the conflicting objectives: mini-
mization of offset error (x-axis) and minimization of peak stress (y-axis).
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Figure 10 - The parallel coordinates chart shows both objectives and the
input parameters in the same diagram for the 4 Pareto designs. Compared to
the specified input ranges, showed by the full height of the axes, the Pareto
designs are concentrated to a narrow zone. Based on this, the parameter
ranges were reduced before starting the MOGA optimization.

Base Line Datign I

Figure 11 - The multi-objective optimization aims to reveal the Pareto front,
marked by the orange line. The marked designs in the lower left corner
represent the best trade-off designs between offset error and service life.
Note the two zones with accumulation of designs which indicate some issue
with the analysis.

population with non-colliding BGA layouts from all regions of
the input design space. The 10 best designs of the MOGT
optimization were therefore chosen, trusting that MOGA
would make a steady evolution towards better designs while
avoiding colliding BGA layouts.

The strategy worked and MOGA evaluates 990 new designs of
which 759 completed successfully in 5 days. As can be seen
in figure 11, the Pareto front has been stretched out and
filled with more designs. While the stress levels were
moderately improved compared to the first optimization, the
offset error was now close to being eliminated.

5. Results

An extended Pareto front was found which showed
improvements in both objectives compared to the baseline
design. As always in multi-objective optimization, there is no
single best design but rather a set of trade-off designs
between the conflicting objectives. The best design with
respect to peak stress had 14% lower stress and 15% lower
offset error. The best design with respect to offset error had
5% lower stress and 99% lower offset error compared to the
baseline design.

Figure 12 shows the shear stress in two planes, close to the
PCB and close to the MEMS chip. Close to the chip, the

Newsletter EnginSoft Year 7 n°2 - "

stresses appear to concentrate on the balls in the corners of
the grid.

The achieved reduction in the offset error by two decades is
a significant improvement to the temperature stability in
comparison with the base line design.

Conclusions

The presented work has showed that the offset error may be
close to eliminated. In order to increase the accuracy of the
model a capacitance calculation should be included. This

enables minimization of computed offset error in
acceleration units instead of the current anchor
displacements.

Manufacturability may also be studied by analysing the
sensitivity of the results due to small changes in the location
of the solder balls. In other words, we are looking for a
robust global optimum.

An order of magnitude improvement in measurement error
was achieved which may validate the sensor to a wider range
of applications which are demanding with respect to
specified offset error.

H. Strandberg - ESTECO Nordic AB
T. Makkonen2, J. Leinvuo - VTI Technologies Oy

For more information
Hakan Strandberg - ESTECO Nordic AB
info@esteconordic.se
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Figure 12 - Shear stress in the plane close to the PCB (upper) and the MEMS

chip (lower)
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Design for Improved Cost & Magnetic
Efficiency

Performance Optimization of a Gasoline Injector

Due to the worldwide economic crisis and falling production numbers in the automotive industry, many
suppliers have implemented new strategies and actions with the aim of reducing costs and the impact
of the crisis on their plants. In this context, Continental defined and started a “Design-to-Cost Project”
for the latest Continental Solenoid Direct Gasoline Injector (XL2).

A number of possible modifications were identified with a new Injector Layout. This new Layout included
important changes in the components of the magnetic circuit of the injector. At the beginning, due to
weak magnetic performances, the new Design-to-Cost Layout was not acceptable from a technical point
of view. However, after a first development phase, modeFRONTIER was implemented in order to reach
the targets for the Complete Layout magnetic performances. A parametric magnetic circuit model of the
injector in Emag (ANSYS) and a Workflow in modeFRONTIER were created.

This new approach helped the Continental Engineering Team to achieve best performances of the
magnetic behavior of the new layout and to obtain technical approval for further development. The
project also revealed the advantages of using modeFRONTIER, an automatic CAE optimizer, for reducing
time and cost, in comparison with the previous standard procedure.

Gasoline Injector -
| HgmaganITus CoTSALon Engeey System Mapietic
L Pressiune — Fisli

The injector is a valve that has to control

and adjust the gasoline flow in order to A #r)
generate the required mixture for the Engine . &
Control Unit (ECU).

Ehectrical
Connsctors

| Sslnia:
Solenald Direct Injection ety
{50} !

The Gasoline injectors are mainly divided
into two different groups: low pressure and
high pressure applications depending on if
the injection is performed into the
manifold, or directly into the combustion
chamber in the pressurizing phase.

Figure 1 - SDI XL2 Injector

The most common injector technology is ‘ Lo \ | [
Solenoid activated. A current signal (ECU 1!]IH]]‘ 11
control) (I(t)) generates a magnetic field

FFPEFSFEFEFEPEFEFF

into a magnetic components circuit (a(t)) Design To Cost (DTC)
which generates a force between two Project started in order
components (F(t)). This force generates the “:ﬂﬁ"::.:';m‘r'
movement of a movable component (lift(t)) cost

which opens a nozzle generating the Flow
rate (Q(t)) and Spray (Fig. 1).

In this work, we studied the current impact on the Magnetis
Continental Solenoid injector for Direct Performances
Gasoline Injection, named XL2 (Fig. 1), and v
some of the possible variations. Figure 2 - XL2-DTC Project ~ Organization & Risks

The three sub-projects have
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Figure 3 - Design To Cost Changes description

Project & Risks

With the economic crisis and fallen production numbers in the
automotive industry in mind, Continental started a Design-to-
Cost Project (DTC) with the primary objective to decrease the
material cost of the injector, the XL2 SDI product.

Their Project Manager and the three Product Engineers (PE)
responsible for the three different component sub-groups
(Fig. 2) defined a Project Chart.
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Figure 4 - Parametric Model

It was clear that the design work of all three component sub-
groups would have a strong impact on the magnetic
performances of the injector. Hence, the risk was that if each
PE would work on its own, not sharing results with the others,
it might be impossible in the end to define guidelines which
match the other PE’s strategies.
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Technical Activities

A package of changes was defined which is described
in Fig.3. Two components with different magnetic
characteristics (1 non-magnetic) were merged into
one magnetic component. The shape of the merged
component was modified from the initial one and new
dimensions were defined for another component
(Armature). Moreover, the possible impact on coil
shape and position was identified. These changes
delivered by the DTC also proved to have a
considerable impact on the magnetic performances of
the injector.

Merge of bvo
companents

Fig. 7 highlights the performances of the current

product (left red bars) and the previous injector.
When we look at the initial performances of the DTC Layout
compared to the current product (Fig. 7 left red bars), it is
obvious that the previous design was not feasible and a
magnetic optimization was needed. A Parametric Model was
defined using 12 parameters as described in Fig. 4.

The Simulations were done with an axial-symmetric model in
ANSYS Emag using different B-h curves (magnetic
characteristics) of each material. The input of a generic

[ 1DaF an Bobin

simulation was a current signal (I(t)), and the output is the
force profile at constant lift (F(t) at lift=cost.) (Fig.1 and
Fig.5). While, in this way, it is not possible to compute the
complete dynamics of the injector, the magnetic
performances of the configurations could be compared. For

To avoid this, after a preliminary
development phase without sufficient
reliable results, a Complete Layout
Optimization was suggested to solve the
problem.

Continental could benefit immediately
from the advantages of this new

L

approach:

e low mistake rate due to automated | *ume |
processes,

e possibility to reach best 2
performances with an optimization
algorithm, T |

e high number of simulations and low
number of samples reducing time and

g

Foren
iy

Magnetic Field

L]

=)

' Magnetic Farces (i
LE ) conatang iy

cost of the Concept Definition phase.

Figure 5 - Simulation Description
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each configuration, two simulations were performed with two
different current signals as shown in Fig. 5. The Outputs of
the two simulations (F(t)) were characterized by three
parameters typical of the force history shape (Fig. 6).

The target of the DTC Layout was to reach at least the current
product performances and to maximize them. The data was
converted into a modeFRONTIER workflow which maximized
the three simulation outputs.

It also defined a function, named chi, to identify the distance
(for lower performance cases only) of a generic configuration
from the current product’s magnetic targets. This chi function
is also a way to guide the optimization loop in the design
space as well as a quality index of a generic design (Fig. 6).

Results

Managed by the MOGA II algorithm and by modeFRONTIER’s
Workflow, 936 simulations were performed on 418
configurations.

A design family which delivers higher performances than the
current product (chi=0) could be defined as well as the best
magnetic design for each target. Fig. 6 highlights the
comparison between the best DTC Layout, and the initial DTC

Layout compared to the current product.The optimization
procedure finally led to a feasible DTC Layout in terms of
magnetic behavior.

A time saving configuration was identified, some samples
were built and tested on experimental benches.

The targets of the magnetic optimization are not directly
measurable experimentally, but the results of the sample
benches showed many analogies with the simulations
performed.

Conclusions

A complete Layout Magnetic Optimization was used as a new
methodology in the concept development phase.

The completed Layout Magnetic Optimization delivered a
more efficient and effective procedure in comparison with the
"standard" methodology based on single component
development, a trial & error approach and many samples
(Design-to-cost method).

Despite different layouts, it was possible to identify a number
of configurations with higher performances than the current
design, and several DTC technically feasible layouts.

e

s [P
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M % DTC s Shas compased 1 ourre praiat

The comparative simulation
showed results aligned with
experimental benches.

The validation with Continental’s
automotive customer is currently
in progress and will implement
some beneficial changes in the
design and development cycles.

M. Omeri, M. Mechi, A. Agresta
Continental AG - Italy

For more information:
Francesco Franchini - EnginSoft

Figure 7 - Comparison between initial (red) and optimized (green) DTC configurations

info@enginsoft.it
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Optimization of a Spring Bearing for
Gravitational Force Compensation

In the petrochemical industry, catalytic cracking is one of the
major steps in the process of splitting large hydrocarbon
molecules into smaller, more useful components for gasoline
and jet fuel. The cracking system itself consists of a reactor
and a regenerator that are interconnected by a catalyst
pipeline network [1, 2]. Spring bearings are necessary to

i

Figure 1 - Typical spring bearing (left). 1-9 (right) - Location of the spring
bearings for gravitational force compensation

The Harge

The Cyfinger

Tha Feich

decrease the
gravitational loads
acting on the nose
pieces.

The whole construction
has 9 spring bearings.
Spring bearing consists
of the Hanger (for
suspension), the
Cylinder with holes and
the Patch between the
Wall and the Cylinder
(Fig. 1).

One of the goals of the
optimization was to minimize the mass of most of the
loading bearings, by changing a few parameters of the
Cylinder, the Hanger and the Patch.

All the edges of the wall have been fixed.

r- radius of the hole In hanger; P=395kN;
@~ thickness of the hanger.

Figure 2 - The area of the loading

The force has been applied to the internal surface of the
upper half of the hole in the hanger, assuming that this
distribution will be in accordance with the sine law (Fig. 2):

T
o=
o X

sin#d#f

*Ir+a

All variable parameters are illustrated in Fig. 3. The total area
of 4 holes in the Cylinder has to be greater than 12000 mm?
in order to provide the ventilation. The radiuses of the
opposite holes have to be equal in pairs (all the holes of the
initial configuration have equal radiuses).

According to the Russian State Standard Specification
(GOST), the strength of the construction has to be estimated
based on two criteria:

1. The maximum value of P ]
the Average Membrane

Stress (om) has to be

less than 162 MPa; |
The maximum value of
the Average Membrane

plus Bending  Stress
(om+cb) has to be less

than 211 MPa.

no

In this case the stress
intensity around the area of
the load has not been 1
considered. Stresses om and

ob have been calculated by Ffigure 3 - Design Parameters of the
the procedure of stress Mod!

linearization through the thickness which has been
performed for the regions with the highest stress intensity
(Fig. 4).

Taking into account that the values of om and (om+ ob)
could not be calculated near a stress singularity point, the
stress linearization procedure has been performed at some
distance from it.

.a R, D L
L.-

To satisfy the requirements of the total area of the holes, the
initial designs of experiments have been chosen using
(SPmethod (Constraint Satisfaction Problem). The Algorithm
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Figure 4 - Stress Linearization through thickness
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MOGA-II has been used for the optimization (Fig. 5). The
mass of the spring bearing of the new configuration is 2,9
times less than the spring bearing’s mass of the initial
configuration (Fig. 6). The comparison of the stress
distribution of the initial and optimal configurations shows
that the optimal bearing is much closer to a full-strength
construction (Fig. 7) and it has fewer regions with low stress
intensity.

- s Erg- [ P e o ey

. - am——

st s "u

& Hloae o - = s [ = = 0

Figure 5 - Optimization Workflow in modeFRONTIER

The average Membrane Stress (om) and the Average
Membrane plus Bending Stress (ocm+ ob) of about 80% of the
obtained designs exceed the permissible value. The majority
of feasible designs has been calculated for the constructions
with the lesser mass which underlines the good performance
of the MOGA-II algorithm (Fig. 8).

The end-point analysis shows that the Thickness and the
Length of the Cylinder and the size of the Patch have the
greatest influence on the mass (Fig. 9).

The Mans af
thie Spring
Bearing has
heen
decreased 2,9

tirmes l
Totel Mase=T13hg

The Mass of the Spring Bearing = 11 kg
aprimal Canfgunman

L;——J |

Todal Madi= 239 kg
The Maas of the Spring Bearings 83 by

inivial Confipuration
Figure 6 - Initial and optimal configurations
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Figure 7 - Stress Intensity of the Initial and Optimal Configurations

; ; 10 feasihie
- ey ‘ designs

21 leasible
designs

[

26 feasible
designs
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Distribution of feasible designs: the majority of the designs have been
calculated by MOGA-II for constructions with the least mass

i
4:&%

Figure 9 - The importance of each variable on the overall project
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About CompMechLab

Computational Mechanics Laboratory (CompMechLab)
was founded in 1987 at the Mechanics and Control
Processes Department of the Physics and Mechanics
Faculty of Leningrad Politechnical Institute (now
St.Petersburg State Polytechnical University).
CompMechLab is a member of The International
Association for the Engineering Analysis Community
NAFEMS and research engineers of CompMechLab are
regularly performing R&D by request of leading
industrial companies in Russia, the USA, Japan,
Korea, Germany, Italy - Boeing, Airbus, Ford,
Siemens, Ferrari are only some of them.
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One-Dimensional Fluid-Dynamic Study
of a Molten Salts Thermal €Energy

Storage System

Eurotecnica is an international engineering and contracting
company active in the fields of melamine, chemicals, refinery
and solar. A staff of more than 100 highly skilled employees
is the core of the company. To date Eurotecnica has
successfully carried out more than 130 projects, implemented
all over the world. Eurotecnica is the world leader in
melamine plants and technologies and is now actively
investing in solar power plants.

The world is bustling with new projects for solar power
stations. Solar power station can get energy from the sun
during daytime only, but the energy requirements from the
grid have different timing and the turbines in the power
island cannot be operated on a continuous stop and go basis.
The solution to that is to store the thermal energy from the
sun in the form of a mixture of molten nitrates, to be held in
huge tanks, and then use it during night. While the idea
seems simple, putting it into practice is not that easy
because the scale of the system is far bigger than what has
been experienced up to now: storage capacity is expressed in
terms of tens of thousands metric tons of molten salts and
the size of all the equipment and machineries is huge. On the

The System

The system to be studied is composed by two tanks of about
15 m height and 40 m diameter. In each tank there is an
immersed pump and a distribution torus. The two tanks are
connected by a pipeline in which there are mainly two valves
and six heat exchangers in between. Each valve is in the
proximity of a tank. During the day hot molten salt, warmed
up indirectly by parabolic troughs via the six heat
exchangers, is pumped from one tank to the other one.
During the night molten salt is pumped the other way round
and, being still warm enough, it releases the heat
accumulated during the day through the six heat exchangers.
In the present work the tank from which molten salt is
pumped will be called Tank 1 while the tank into which
molten salt is pumped will be called Tank 2; similarly, the
valve near Tank 1 will be called Valve A while the valve near
Tank 2 will be called Valve B. In the present work the flow of
molten salt from Tank 1 to Tank 2 is considered (the reverse
flow being symmetrical) and the emergency closure of Valve
B in two different operating conditions is studied. The
system is studied at the beginning of the cycle when Tank 1
is full and Tank 2 empty and at the end of the cycle when

Figure 1 - Flowmaster network modelling molten salts thermal energy storage system. From right to left it is possible to note Tank 1, the immersed pump,
Valve A, the six heat exchangers (green rectangles), Valve B controlled by a controller (yellow component), the distribution torus and Tank2.

other hand, a faulty thermal energy storage systems may
jeopardize an entire solar power project. For these reasons
absolute reliability is paramount.

In the present work the detailed study of different operating
conditions of a molten salts thermal energy storage system is
presented. In particular, the emergency closure of a valve is
studied in two different conditions, namely the beginning
and the end of the cycle. Target of the simulations is to find
the minimum valve closing time that guarantees the safety
of the system, i.e. the minimum time for which the peak
pressure is below the maximum allowable pressure for the
system. The system is simulated by means of Flowmaster, the
thermo-fluid system simulation software.

Tank 1 is empty and Tank 2 full. In these simulations molten
salt is at a temperature of 286°C and has a density of 1907
kg/m3; under these conditions the speed of propagation of
sound wave is about 1850 m/s. The high density and the high
sound speed of molten salt are likely to produce a severe
pressure surge when Valve B closes. For this reason an
accurate fluid-dynamic study is mandatory in order to prevent
serious safety problems. The focus of this study is in the
pressure surge phenomena and not in the heat transfer
phenomena that occur in the system.

In Figure 1 the Flowmaster network used for modelling the
molten salts thermal energy storage system is presented.
Each component of the network is characterised by

Case Studies
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Figure 2 - Results of the parametric analyses: maximum pressure as a
function of the valve closing time for the start of run and the end of run.
geometrical and performance data provided by the
manufacturer. Moreover, since in the simulations heat
transfer phenomena are neglected, each heat exchanger is
modelled by means of a discrete loss (green rectangles in
Figure 1) as well as the distribution torus. Finally, the closure
of Valve B is controlled by an appropriate controller
component (yellow component in Figure 1). All the fittings
(bends, junctions, diffusers) connecting these components
are modelled in the network. The system presents also an
important vertical deployment; the maximum height of the
system being about 20 m. This is an important factor to be
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Figure 3 - Detailed results for the simulation of the start of run: valve closu-
re (brown), maximum pressure in the system (blue), pressure at the pump
outlet (red) and volumetric flow rate at the pump outlet (green).

accounted for in the simulation of pressure surge
phenomena. The system is designed to work between vacuum
condition and a maximum relative pressure of 25 bar. Since
ambient pressure is 0.888 bar, the maximum allowable
absolute pressure is 25.888 bar.

The Simulations

In order to evaluate the valve closure time that meets safety
standards, two sets of parametric analyses were performed for
the start of run and the end of run conditions. In Figure 2
the results of the two parametric analyses are presented. It
can be noted that the maximum absolute pressure decreases
significantly as valve closure time increases until about 20
seconds; after that, maximum absolute pressure decreases

very slowly. The valve closing time to be used in the case of
an emergency manoeuvre needs to be unique for the entire
cycle and needs to guarantee a reasonable safety margin. A
valve closure time of 20 seconds guarantees good safety
margins for both start and end of run conditions.

In Figure 3 and in Figure 4 the detailed results of the
simulations performed with a valve closure time of 20
seconds at the start and at the end of the cycle are
presented. In particular the maximum pressure in the system,
the pressure at the pump outlet and the mass flow rate at the
pump outlet are presented together with the valve closure
time. In both cases a strong pressure surge is established,
nevertheless the maximum pressure in the system never
exceeds the maximum allowable pressure for the system.
Moreover, it can be noted that the peak pressure is larger at
the end of run. Finally, in both cases a reverse flow at the
pump occurs.

Conclusions

The one-dimensional fluid-dynamic simulations performed
with Flowmaster allowed to study the detailed behaviour of
the system early in the design phase considering different
operating conditions. Specifically, the present work allowed
for the precise definition of emergency manoeuvres that
guarantee the safety of the system during the entire

.
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Figure 4 - Detailed results for the simulation of the end of run: valve closure
(brown), maximum pressure in the system (blue), pressure at the pump
outlet (red) and volumetric flow rate at the pump outlet (green).

operating cycle. The precise definition of the valve closure
time also allows for the identification of the appropriate
motor to be used for manoeuvring the control valve. This
work demonstrates the importance of numerical simulation
early in the design phase of a large plant in which absolute
reliability is paramount.

Alberto Deponti - EnginSoft
Francesco Castelletta - Eurotecnica

For more information:
Alberto Deponti - EnginSoft
info@enginsoft.it
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Simulazione CFD di un filtro di
Profondita per Trasfusioni

Fresenius Hemocare Italia ha utilizzato con successo ANSYS per la valutazione delle
performance di un filtro di profondita per trasfusioni

Fresenius Hemocare Italia SRL

Fresenius Hemocare Italia SRL é leader nella produzione di
filtri trasfusionali per la leucoplezione ematica. La rimozio-
ne dei leucociti responsabili dell'insorgenza di reazioni tra-
sfusionali, dal sangue raccolto dai donatori & la mission
aziendale.

Fresenius Hemocare Italia appartiene al gruppo multinazio-
nale Fresenius Kabi (www.fresenius-kabi.com) e allinterno
di esso € l'unico sito impegnato nella progettazione e pro-
duzione dei filtri per leucodplezione. Questo ha dato, negli
anni, la possibilita al sito di mantere il suo carattere distin-
tivo e una buona autonomia, grazie anche alla consolidata
esperienza e ai successi conseguiti. Nello stabilimento di
Cavezzo (MO) si fa anche molta ricerca sia nellambito bio-
chimico che tecnico ingegneristico.

In sostanza, tutto cio che viene prodotto, € di fatto conce-
pito, studiato e sviluppato interamente nel centro ricerche
di Cavezzo. E in questo contesto che Fresenius ha voluto
esplorare le potenziali modifiche e migliorie al suo pit con-
solidato filtro di profondita, prodotto in alcuni milioni di
esemplari l'anno.

Introduzione

In questo breve articolo viene presentato lo studio condot-
to da FHI per confrontare due diversi design del guscio di
distribuzione di un filtro di profondita per trasfusioni. Lo
studio si inserisce in un piu vasto progetto nato per indi-
viduare linee di miglioramento della fluidodinamica genera-
le del filtro di profondita in esame.

Scopo dell'attivita di simulazione svolta, & stato quello di
valutare quanto la conformazione della camera di ingresso
del filtro, incaricata di convogliare il sangue sul materiale
filtrante, potesse da un lato in qualche modo stressare le
cellule ematiche e dall’altro aiutare il massimo sfruttamen-
to della superficie filtrante.

La progettazione dei filtri trasfusionali, e pitl in generale la
progettazione dei dispositivi in ambito biomedicale, & par-
ticolarmente delicata poiche dal loro corretto funzionamen-
to spesso dipende la vita del paziente. L'analisi delle per-
formance fluidodinamiche di questi dispositivi & difficil-
mente approcciabile con tecniche di misura tradizionali,
mentre l'utilizzo di modelli numerici permette di visualizza-

re punto per punto il comportamento del flusso e riesce a
fornire importanti indicazioni utilizzabili industrialmente.
In questo caso il modello CFD del filtro ha permesso di con-
frontare due diverse geometrie del guscio, in termini di
estensione delle aree di ristagno, uniformita del flusso e
picchi di sforzo di taglio, consentendo agli ingegneri di FHI
di prendere decisioni progettuali in maniera consapevole.
La costruzione della geometria e della griglia di calcolo so-
no state eseguite utilizzando il codice ANSYS ICEMCFD men-
tre l'analisi fluidodinamica é stata eseguita utilizzando il
solutore ANSYS CFX.

Modello CFD

Il sistema modellato € composto da un guscio di distribu-
zione, un materassino filtrante e una camera di estrazione
(Figura 1). Il sangue afferisce al guscio di distribuzione tra-
mite una cannula di imbocco per poi passare attraverso il
materassino filtrante dove, attraverso i noti meccanismi
della separazione solido-liquido nella filtrazione di profon-
dita ma anche per effetto di interazione cellulare, vengono
rimossi i leucociti responsabili dellinsorgenza delle reazio-
ni trasfusionali. A valle del materassino il sangue viene
convogliato nella camera di estrazione da cui poi viene in-
viato alla sacca di raccolta, per le successive manipolazio-
ni (ad esempio centrifugazione per la scomposizione dei
vari emocomponenti) o stoccaggio in frigo emoteca.

La figura 2 mostra le differenze geometriche tra i due de-
sign del guscio di alimentazione. Per ciascuno di questi &

Ilater assing
Filtrante

Figura 1 Filtro di profondita: vista di assieme
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Figura 2 Confronto Design gusci di alimentazione: rosso (Design_A), azzurro (Design_B)

stata esequita un’analisi stazionaria ed un‘analisi transito-
ria le cui caratteristiche e motivazioni sono di seguito spie-
gate.

Analisi stazionaria

L'analisi stazionaria ha come fine di valutare le condizioni
di funzionamento a regime del dispositivo.

Il sangue e stato modellato come un fluido newtoniano

Figura 3 Linee di flusso Design_B

omogeneo a densita costante. A seguito di test numerici
preliminari si & deciso infatti di non utilizzare modelli reo-
logici pid complessi, ampiamente descritti in letteratura,
perché messi a punto per condizioni di moto molto pil par-
ticolari (ad esempio moto pulsato confinato da pareti ela-
stiche, tipicamente quello cui il sangue é sottoposto nelle
arterie) e quindi non applicabili a quelle in esame.

Il materassino filtrante & stato modellato utilizzando un
mezzo poroso ortotropo che in-
troduce una caduta di pressio-
ne equivalente al materassino
reale. La caduta di pressione &
stata calcolata mediante la
legge di Darcy e i valori di per-
meabilita utilizzati fanno rife-
rimento a dati sperimentali mi-
surati da FHI, con sangue rea-
le, su appositi prototipi.

Analisi transitoria

L'analisi transitoria ha lo scopo di valutare la dinamica di
riempimento del dispositivo sotto lipotesi che questo sia
inizialmente pieno di aria e verificare la persistenza di
eventuali bolle gassose

Vista la natura del fenomeno oggetto dello studio, Il fluido
é stato modellato come bifase: la fase gas (aria) é trattata
come un gas a proprieta termofisiche costanti mentre la fa-
se liquida (sangue) ha le stesse caratteristiche utilizzate
nella simulazione stazionaria. Per risolvere in modo accura-
to linterazione tra la fase liquida e la fase gas e stato uti-
lizzato un modello multifase non omogeneo, che & in gra-
do di risolvere i fenomeni di mescolamento, separazione e
trasporto tra le due fasi tenendo conto della tensione su-
perficiale e dell’effetto della gravita.

Il materassino filtrante & stato modellato come un mezzo
poroso ortotropo in pieno accordo con le ipotesi fatte per
l'analisi stazionaria.

Risultati

Il primo aspetto analizzato, nel confronto delle prestazioni
dei due design a regime, é rappresentato dalla distribuzio-
ne della portata tra i canali del filtro cui € legato il corret-
to/efficace sfruttamento della superficie utile del materas-
sino filtrante. Il confronto ha mostrato come i due design
hanno performance estremamente simili e non presentano
criticita. Figura 3 mostra le linee di flusso per uno di de-
sign oggetto dello studio.

Altra variabile di interesse nell'analisi delle prestazioni a
regime é rappresentata dallo shear stress (sforzo di trasci-
namento). Gli elementi corpuscolari del sangue (in partico-
lare i globuli rossi) sono infatti sensibili agli sforzi di ta-
glio agenti su di essi e in funzione del tempo di esposizio-
ne possono danneggiarsi o rompersi (emolisi). Sono stati

Figura 4 Shear stress nel condotto di ingresso (Design_A)
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dunque stimati gli shear stress sulla base del campo di mo-
to ed entrambi i design hanno evidenziato valori elevati di
shear stress in corrispondenza dei condotti di ingresso e di
uscita dove il campo di moto é fortemente disuniforme (ve-
di Figura 4). Al contrario valori decisamente bassi di shear
stress sono stai riscontrati in corrispondenza del materassi-
no filtrante (fino a due ordini di grandezza inferiori rispet-
to alle zone di ingresso e di uscita).

Figura 5 Design_A: volume di
sangue nel distributore

Figura 6 Design_B: volume di sangue
nel distributore

Infine l'analisi qualitativa del transitorio di riempimento il-
lustrata nelle figure 5 e 6 ha facilitato la comprensione del-
la dipendenza tra la dinamica del sangue e i diversi design
del guscio. La variabile di maggior interesse nel caso speci-
fico e rappresentata dalla frazione di volume del sangue che
permette di individuare il fronte di avanzamento del sangue
stesso. L'evoluzione temporale del fronte fornisce un‘idea
chiara di come il sangue tende a distribuirsi sul materassi-
no filtrante e di quali siano le zone critiche per la formazio-
ne di bolle d'aria.

Conclusioni

Lo studio condotto ha permesso di valutare linfluenza del
design del guscio di distribuzione sulle performance com-
plessive del filtro. Lanalisi delle condizioni a regime ha mo-
strato come entrambi i design sono parimenti performanti
da un punto di vista fluidodinamico e che la configurazio-
ne geometrica del guscio non condiziona in maniera apprez-
zabile il funzionamento del filtro. Il transitorio di riempi-
mento ha invece mostrato dinamiche leggermente differen-
ti con uno sfruttamento pit marcato del canale di alimen-
tazione centrale da parte del design_B.

Le indicazioni fornite dalle simulazioni CFD hanno consen-
tito ai progettisti FHI di individuare, relativamente alla ca-
mera di ingresso, la configurazione che meglio soddisfa i
criteri di successo stabiliti per il progetto.

Questa, insieme alle altre linee di miglioramento individua-
te, contribuiranno a definire la configurazione dei futuri fil-
tri di profondita per leucodeplezione di Fresenius.

Davide Savorani
Fresenius Hemocare Italia
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NIDIATA - An
IMS-MPT Action

promoted by
€nginSoft

IMS is an
international research and
development initiative
established to develop the next
generation of manufacturing
and processing technologies.
Companies and  research
institutions from the 27
member countries of the European Union, Japan, Korea,
Switzerland, and the United States of America participate in
this initiative.

Three years ago, IMS has successfully launched the
Manufacturing Technology Platform (MTP) program for
researchers designed for easier global collaborations for new
and on-going research. In fact MTPs are knowledge sharing
platforms for researcher groups that are already engaged in
a specific R&D domain. To reduce overlap and duplication in
research that is conducted, an MTP initiative seeks
cooperation to conduct joint research in projects that are
already running. This ultimately saves resources for the
“golden nuggets” of their research, and finds common
solutions to manufacturing challenges in the process.

The established manufacturing technology platforms are
focused in the areas of sustainability, energy efficiency, key
technologies, standards, and education. IMS envisions that
likely outcomes from this global program will be the
stimulation of new collaborative R&D as well as creation of
new networks and global-level recommendations on
standards, skills, and policy.

industry-led,

Sustainability and Safety: Sustainable manufacturing is a
platform for development of innovative manufacturing
technologies that address world-wide resources shortages
and excess environmental load to enable an environmentally
benign life cycle. Measurement and assessment technologies
and methodologies to ensure occupational safety including
ergonomics, industrial disaster prevention and mitigation
and in particular safety of nanomaterials and related
manufacturing processes are also addressed in this platform

Energy Efficiency: Energy Efficient manufacturing is a
platform for improving efficiency and reducing the carbon
footprint in energy utilization for manufacturing and
operational processes. The energy efficiency platform will
result in reduced manufacturing costs and global warming

impact.

Case Studies
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Key Technologies: Key Technologies is a platform that
includes those technologies that will yield a high impact on
the next generation of manufacturing. These technologies
include Model Based Enterprise, nanotechnology, smart
materials and innovative process and production
technologies.

Standards: Standards is a platform that will focus on
manufacturing research issues that can benefit from
standardization to create open manufacturing and product
standards that are accessible to everyone and enhance
innovation globally. IMS involvement in standards would also
focus on key areas where the lack of standards is impeding
progress in any of the other MTP areas.

Education: Education is a platform for educational programs
designed for an information based knowledge worker
environment that supports manufacturing in the future.
Research listed under this
platform will contribute to
the development of a
coherent vision of
manufacturing  education
across the whole vocational
and professional community.

technology

EnginSoft supported the
IMS-MTP initiative since the
beginning, since when Dan
Nagy, the IMS Programme
Manager, was a key-note
speaker at the EnginSoft
Conference in 2007.
Today EnginSoft is a representative of the EC in the frame of
the initiative and is responsible of the NIDIATA project.
NIDIATA (Education Network on Integrated and Multi-Scale
Design of Innovative Light Alloys Castings for Transport
Applications) is a rather unique MTP-action, since it is about
education. The main Objective of the Project is to accelerate
the process of knowledge-transfer in the field of light alloys
castings for transport applications. Such a target will be
achieved via some intermediate objectives, including:
e setting up a network of Research Institutions and
Industrial Partners carrying out worldwide research

activities in the field of integrated design and production
of innovative light alloys castings;

e setting up educational tools, both conventional
(meetings, students and personnel exchange) and
innovative (web-based), in order to make available
materials and design “frontier” information to students
and engineers;

e supplying, by means of the above mentioned tools,
innovative knowledge to students and engineers.

These actions will finally lead to an efficient exchange of
information and knowledge among Partners having, in their
respective region, a key role in light alloy casting, design and
engineering, product optimization.

Partners of the initiative include, the Tohoku University,
Advanced Institute for Materials Research (Japan), the
Worcester Polytechnic Institute (US), as well as most of the
European partners of the NADIA project.

Activities carried out so far include:
® web-based courses on: introduction to metals and alloys,
solidification of metals, aluminum and magnesium
foundry alloys, cast iron, metal matrix composites,
component casting, metallurgy of welding processes, as
well as subsidiary courses on fundamentals in linear
elastic fracture mechanics, advanced applications of
nonlinear crack models, structural damage mechanisms
interpreted by acoustic emission, fracture mechanics and
complexity sciences
e an international mini-master on advanced casting design
of automotive components (topics covered include:
Intelligent Processing, Fundamentals of
solidification of light alloys, Basics of
casting technology, Processing,
microstructure and properties of cast light
alloys, Heat treatment of cast light alloys,
Fundamentals of casting processes
simulation, Fundamentals of heat treatment
process simulation, Micromodelling of light
alloys microstructural evolution, CAE
Integrated tools for the development of
automotive components, Optimization tools
in  automotive design, Automotive
components by Intelligent Processing

Lecturers and trainers of the faculty are leading experts from
industry and academia (NTNU Norway, University of Padova,
Fiat Research, MATFEM Germany, Tekniker Spain, MAGMA
Germania, CIE Automotive Spain, Teksid Aluminum Italy,
Daimler Germany, INGUS Sweden, Ford Germany, University of
Jonkdping, Sweden.

Most of the courses are also available on the web-site of TCN
and improve.

For more info:
www.improve.it - www.consorziotcn.it - www.ism.org

Case Studies
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ANSYS Workbench: a multidisciplinary
FEM approach for PCB equipment

To control the heat generated by the electrical components
of a Printed Circuit Board (PCB), the design engineers at
STMicroelectronics srl focus on the structural problems and
their solutions. The overall aim is to design reliable and
robust devices for several different applications.

In order to completely analyze the system, a typical approach
is to verify the different physics involved in the problem and
how they interact with each other.

The multiphysics analysis aims at the evaluation of
deformations and stresses on the device. These are strictly
correlated with the temperature distribution on each
component and the electric current flowing into the device.
The electric analysis calculates the ohmic losses while the
thermal analysis provides the temperature distribution as
function of the metallization and the geometry. Finally, the
structural analysis allows to evaluate the stresses and the
deformations depending on the imposed constraints and the
thermal loads, in order to detach the possible fault of the
device. Given the complexity of the investigated systems,
numerical simulation is a good approach to handle all the
different physical variables and to determine the behavior of
a device. ANSYS Workbench 12.1 offers excellent support to
designers for the multidisciplinary analysis of complex
systems where several physics are involved in the same
phenomenon.

In this article, we present the electro-thermal-structural
analysis of a Power S010 device, developed in collaboration
with STMicroelectronics. The aim is to prove the effectiveness
and efficiency of a multiphysics approach.

Power S010 is a surface mounting device. Its chip was made
with VIPower technology.

In the device, the power and the driver
are integrated; they are intended for
driving four independent resistive or
inductive loads with one side connected
to ground. Active current limitation
avoids dropping the system

power supply in case of shorted load, and
built-in thermal shut-down protects the ial
chip from over-temperature and short
circuit. The open drain diagnostic output
indicates over-temperature conditions.
Each I/0 is pulled down when an over-
temperature of the relative channel is
detected.

These applications are often used in the
automotive sector.

Multiphysics analysis
Let us now look at figure 1 and consider the geometry of
the investigated Power S010 device.

The analysis has been performed in ANSYS Workbench 12.1,
the different physics have been linked in order to correctly
define the input and output depending on the investigated
problem. For the sake of clarity, the state flow of the
performed multiphysics analysis is shown in figure 2. Once
the electric characteristics of each component have been
defined, the electric analysis provides the thermal power due
to the Joule effect as input for the thermal analysis. The
latter has been carried out by taking into account the
transient effects based on the on-off state of the circuit
connected to the device. The output of the transient thermal
analysis is represented by the temperature distribution in the
geometry. Subsequently, the static structural analysis allows
us to evaluate the stress and deformation due to the applied
thermal loads. Moreover, the obtained results permit to
determine the possible malfunctioning of the device.

ANSYS Workbench allows to automatically define the contact
regions by imposing a proper proximity tolerance among the
surfaces. The single contact couples are characterized by
given structural, thermal and electric behaviors. The thermal
conductivity of the contacts in particular could be properly
determined in the analyzed model.

Afterwards, the model mesh has been generated by means of
closed elements to each physical contact (Figure 3).

As mentioned above, the first step of the electrostatic
analysis has been carried out by evaluating the dissipated
power on the geometry due to the Joule effect. From an

— —
{c)
Figure 1 — Analyzed geometry: the overall system (a), the system without case (b) and the particulars (c)
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aluminum layers. This effect is due to
C different electric conductivity and

: resistance of the two materials.
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Figure 2 - state flow of the multiphysics analysis

electric point of view, the system reaction time is actually
faster than required to obtain a thermal variation. Therefore,
a static analysis is sufficient to obtain the ohmic losses to be
imposed as input load for the thermal analysis. The
excitation current has been applied on the lower part of the
frame, inward directed as indicated
in figure 4. A zero potential has
been imposed as boundary condition
on the device pins.

The current has been modeled as a
pulsed square wave with 4.1 s of
period; the current is not zero for 50
ms. The power dissipated during the
on phase of the device has been
imposed as load for the thermal
analysis, performed in time-domain.
That thermal load has been imposed f7gure 3 — mesh of the model
for a period of exactly 50 ms while the circuit was on, instead
of a zero load considered for the rest of the time. It is
possible to verify if five loops are sufficient to reach the
working conditions where the temperature assumes a periodic
function without any substantial variations.

The last step of the study is a static structural analysis,
performed by imposing several load steps and by applying
the temperature obtained during the last on off loop, on
each of them.

Results

As  explained before,  the
electrostatic analysis allows to
evaluate the ohmic power due to
the electric current. The electric
current density and the dissipated
power distribution are shown in
figure 6 and 7.

When we consider the previous
figures, it is important to note that
the flux of the electric current is
consistent with the excitation, in
particular the current flows from the
frame towards the pins through the

silicon and the ribbons.
Furthermore, it is possible to
observe that the maximum

dissipated power is close to the
interface between the silicon and

"N

electrostatic analysis as thermal load, the

temperature distribution has been
evaluated for several time steps. Figure 8 shows the results
evaluated at 16.45s.
The maximum temperature has been obtained at the end of
the 5th switching on phase.
W The last step of the multiphysics
analysis is the structural simulation.
In order to represent the thermal
load of the last on-off phase, some
time steps of the thermal analysis
have been taken into account. For
each time step the temperature field
has been imposed to a series of
static structural analyses in order to
calculate  the  stresses  and
deformations. In figure 9, the plots
of the structural post-processing are
shown.

The structural analysis clearly confirmed the integrity of the
device.

Conclusions

A multiphysics analysis of a Power SO10 device has been
presented in this article with the aim to evaluate the stress
and the deformations of the structure.

In order to obtain accurate results, the electric effects, both
in terms of dissipated power and current density, have been
evaluated as a first step of the analysis. The output has then

Figure 4 — Current (a) and voltage (b) applied to the model
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been applied as input for the subsequent transient thermal
analysis; the obtained temperature distribution depended on
the on-off state of the device. As last step of the study, the
stress and deformations have been evaluated by means of a
static structural analysis by imposing the thermal loads.

For this and similar applications, ANSYS Workbench 12.1 is a
highly efficient software to perform the multiphysics analysis
where several phenomena, such as electric, thermal and
structural, are depending on each other.

Future work

With the aim to provide a more exhaustive structural study of

the device, further analyses will be performed with a focus

on:

Figure 6 — dissipated power distribution due to the Joule effects e Non-linear and Orthotropic propert'ies of some materia[sl
such as plastic curves or viscoplastic models.

e A thorough study of the contact to take into account the
gluing of the parts; a submodel analysis is suggested for
this purpose. ANSYS Workbench in particular allows to
insert contact properties to assess local detaches.

e a fatigue evaluation.

Dr. Giuseppe Malgioglio - STMicroelectronics srl, Italy
Ing. Alice Pellegrini — EnginSoft S.p.A.
Ing. Emiliano D’Alessandro — EnginSoft S.p.A.

For more information:
Alice Pellegrini - EnginSoft

" — " —
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Figure 7 - temperature distribution at 16.45 s info@enginsoft.it

Figure 8 - total deformation, Von Mises stress and shear stress
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Grapheur - A new
vision for
...Interactive
Visualization

It's obvious, you can see itl

Philosophy is written in this grand book - the universe - which
stands continually open to our gaze, but it cannot be
understood unless one first learns to comprehend the language
in which it is written. It is written in the language of
mathematics, and its characters are triangles, circles, and
other geometric figures, without which it is humanly
impossible to understand a single word of it; without these,
one is wandering about in a dark labyrinth

(Galileo, Il Saggiatore, 1623)

The sciences do not try to explain, they hardly even try to

interpret, they mainly make models.

By a model is meant a mathematical construct which, with the

addition of certain verbal interpretations, describes observed

phenomena. The justification of such a mathematical

construct is solely and precisely that it is expected to work.
(Johann Von Neumann)

Think about how many times you intuitively associate clarity
and real understanding with vision. The word intelligence
itself derives from the Latin verb intelligere (coming from
intus legere, “reading into something”, a close cousin of
“insight”), again related to reading and seeing.

The Grapheur product from Reactive Search SrL in partnership
with EnginSoft unites in the same package tools for modeling
and for visualizing data and models. The Grapheur Team
focuses on explanations of our world which can be used to
predict. This means measuring objects and events, mining
and analyzing massive amounts of data, and discovering
interesting relationships emerging from them. Visual
analytics is the name of the field, focused on analytical
reasoning facilitated by interactive visual interfaces.

The so-called laws of nature, such as Newton, are a paradigm
with a long history. For example, one starts from
measurements of objects falling to the ground, abstracts the
relevant characteristics by filtering irrelevant details,
proposes a law of gravitation unifying descriptions of how an
apple falls and how the moon rotates around the earth. Laws
are to be validated by experiments, and possibly falsified and
substituted by more accurate models. e.g., when we think
about the Michelson Morley experiment bringing strong
evidence against the theory of a luminiferous aether. Still,

Grapheur
Una nuova
visione...
interattiva

Si vede, € ovvio!

«La filosofia é scritta in questo grandissimo libro che
continuamente ci sta aperto innanzi a gli occhi (io dico
l'universo), ma non si puo intendere se prima non s'impara a
intender la lingua, e conoscer i caratteri, ne’ quali é scritto.
Egli e scritto in lingua matematica, e i caratteri son triangoli,
cerchi, ed altre figure geometriche, senza i quali mezzi e
impossibile a intenderne umanamente parola; senza questi e
un aggirarsi vanamente per un oscuro labirinto.»

(Galileo, Il Saggiatore, 1623)

Le scienze non cercano di spiegare, in effetti provano a
malapena ad interpretare, principalmente producono modelli.
Per modello si intende una costruzione matematica che,
accompagnata da alcune interpretazioni verbali, descriva il
fenomeno osservato. L'unico supporto a un tale costrutto
matematico é solamente e precisamente che funzioni.
(Johann Von Neumann)

Pensate a quante volte avete associato intuitivamente
chiarezza e comprensione con la vista. La stessa parola
“intelligenza” deriva dal verbo latino intelligere (a sua volta
composto di intus legere, “leggere in qualcosa”), il quale, del
resto, non & molto diverso dallinglese “insight” (traducibile
anche come “conoscenza”), termine nuovamente legato al
campo semantico della lettura e della visione.

Grapheur, prodotto da Reactive Search SrL in collaborazione
con EnginSoft, unisce in un unico pacchetto gli strumenti
necessari per creare, manipolare e visualizzare dati e modelli.
Grapheur ha l'obiettivo di aiutare a scoprire interpretazioni
dei dati che possono essere usate per previsioni e scelte
razionali. Questo implica la misurazione di oggetti ed eventi,
il rastrellamento e lanalisi di grandi quantita di dati,
cercando di individuare relazioni interessanti. Visual
analytics e il nome del campo di studio, focalizzato sul
ragionamento analitico supportato da interfacce interattive.
Esempi notevoli di data mining nei tempi passati hanno
portato alle cosiddette leggi di natura, come quella di
Newton. Si puo iniziare semplicemente misurando un oggetto
che cade a terra, si procede astraendo le caratteristiche
rilevanti filtrando i dettagli inutili, e si finisce poi
proponendo una legge di gravitazione che unisca le
osservazioni sulla caduta di una mela e sul moto rotatorio
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we are also settling for models which are less clean and
precise than the laws of nature; for instance: empirical
models to explain the meaning of relevant documents in the
web, models to predict if a customer would like a movie from
data collected by other customers, models to cluster entities
(e.g.,to cluster a large number of design solutions), identify
prototypes and study them, models to gain insights from
massive data produced by CAE software tools.

In addition to modeling and visualizing data or information,
Grapheur helps the user to strengthen the power of
abstraction. Without the support to simplify and find
commonalities among superficially different phenomena, one
is easily lost among a sea of details. Vice versa,
understanding abstraction means discovering that - in
science and technology - to explain often means: to unify !
If you think objectively, the law of gravitation does not
explain why objects are falling (it does not explain the deep
philosophical reasons), it simply explains how they fall,
covering an infinite number of cases in an extremely well
summarized manner. It sounds, and it actually is superficial,
not to touch the essence of phenomena, but it is for sure
effective, reproducible and successful.

Pragmatically, abstraction and use of basic mathematical
tools is an excellent way to be able to solve challenging new
problems by discovering some abstract resemblance to known
cases. For example, if one understands linear algebra one
may use it to discover new ways of analyzing huge
collections of documents, such as, for example, the web and
to create extremely successful and profitable search methods,
just as Google did! If one knows basic minimization
techniques, e.g. steepest descent, one may use it to build
powerful and flexible machines which learn from examples,
such as neural networks with error back-propagation or
similar machine-learning methods.

An example: Partitioning a mesh for parallel computing
in Computational Fluid Dynamics

Data: Complex physics simulations as common in
Computational Fluid Dynamics require huge computational
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della Luna attorno alla Terra. Le leggi hanno bisogno di
essere sostenute e validate dagli esperimenti, e magari
confutate e sostituite da modelli pid accurati (pensiamo al
risultato negativo dell'esperimento di Michelson Morley
contro la teoria dell'etere luminifero).

A volte i modelli si rivelano meno semplici e precisi delle
leggi di natura. Ad esempio si considerino i modelli empirici
utilizzati per spiegare la rilevanza delle pagine web, quelli di
“collaborative recommendation” che tentano di predire se un
cliente apprezzera un prodotto sulla base dei dati raccolti da
altri acquirenti, quelli per aggregare elementi (ad esempio
soluzioni di progettazione), ed individuarne dei prototipi, o
modelli per visualizzare soluzioni prodotte da software CAE.
Oltre alla visualizzazione ed analisi dei dati e delle
informazioni, Grapheur aiuta l'utente a rafforzare le sue
capacita di astrazione. Se non si cercano somiglianze fra
fenomeni apparentemente simili, & facile perdersi nel mare
dei dettagli. Spiegare in senso scientifico vuol dire unificare.
Se si riflette un attimo, la legge di gravita non spiega perché
gli oggetti cadano (non ne sviscera le profonde ragioni
filosofiche), tenta semplicemente di illustrare come questi
oggetti precipitano, coprendo un numero pressoché infinito
di casi attraverso un’ottima sintesi. Sembra, ed in realta &,
una spiegazione superficiale: non tocca lessenza del
fenomeno, ma € sicuramente un metodo efficace,
riproducibile e vincente.

Nella pratica, l'astrazione e l'uso degli strumenti matematici
di base costituiscono un modo eccellente per risolvere
problemi nuovi ed impegnativi, trovando somiglianze
astratte all'interno dei casi noti. Per esempio, se si
comprende lalgebra lineare si pud utilizzarla per trovare
nuovi modi per analizzare grandi gruppi di documenti, ad
esempio delle pagine web, riuscendo in questo modo a
trovare metodi efficaci per effettuare delle ricerche,
esattamente come fa Google! Se si conoscono anche le
tecniche piu basilari di ottimizzazione, come la discesa lungo
il gradiente, si possono costruire macchine flessibili quanto
potenti che possano imparare per esempi, come una rete

Figure 1 - Computational grid for computing airflow over a wing. Flow is left
to the right, the wing is 1.4 degrees from horizontal. The grid is adaptive in
two ways: the size of the triangles controls the spatial resolution of the simu-
lation, and the grid is also split into pieces for parallel execution by 32 pro-
cessors, so that each gets the same number of triangles. Refinement is based
on the gradient of the pressure, especially at the leading edge (left) and at
the shock. The shock is above the airfoil, 2/3 back. However, there is no
shock below the wing: thus the aerodynamics is visible through its effect on
the adaptive grid.

Credit: Roy Williams, Geoffrey Fox, California Institute of Technology

Figura 1 - Griglia di calcolo per la valutazione del flusso d‘aria, direzionato da
sinistra a destra, su un’ala con inclinazione di 1.4° orizzontale. La griglia é
adattativa in due direzioni: la grandezza dei triangoli controlla la risoluzione
spaziale della simulazione, mentre l'intera superficie é suddivisa in sezioni,
rappresentanti le 32 unita computazionali per il calcolo in parallelo, in modo
da garantire ad ogni processore lo stesso numero di triangoli. Gli effetti aero-
dinamici infatti sono facilmente visibili sulla griglia adattativa.

Credito: Roy Williams, Geoffrey Fox, California Institute of Technology
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resources. Parallel computing can speed up simulation runs.
The original space of the simulation is covered by a discrete
mesh, and the mesh is partitioned into a set of disjoint
domains. Each domain is associated to a different computer.
The mesh partitioning problem has multiple objectives: one
aims at a well-balanced partition (sub-domains containing a
similar number of nodes) and at a cut of minimum size (the
number of edges which are cut is proportional to the number
of messages that must flow between different processors, i.e.
to the cost of communication).

Objectives of data mining and visualization:

1. To couple visualization with an iterative mesh-
partitioning (graph-partitioning) technique, so that the
user starts with a partition into two domains, and then
iteratively splits each domain into two.

. To visualize the tree of solutions. The root of the tree
corresponds to the entire mesh. The children of a node
correspond to different ways of splitting each domain of
the partition corresponding to the parent node.

. To identify a proper trade-off between balance and cut
size of the partitions.

The navigation mode can visualize the multiple levels of the
partitioning. By starting from the root and by double-
clicking on a node, the user can visualize the nodes’ children.
By double-clicking on the background, the user visualizes the
entire set of solutions. Trade-offs can be studied in the
parallel coordinate display or through the scatterplot
visualization feature.

Figure 2 - Visualizing a multi-level mesh partitioning method with Grapheur: A mesh covering a

domain is partitioned into two (right) and eight (left) parts.

Figura 2 - visualizzazione di un metodo di partizionamento mesh multilivello con Grapheur. Una
mesh comprendente un dominio é suddiviso in due (destra) e poi otto (sinistra) parti.

For more information:

Many examples in different areas are already available at:
http://grapheur.com/info/cases/

If you do not find a relevant example for your case, we are
ready to accept a sample of your data and your wildest
visualization desires! We will get back to you with some
example visualizations, see also our Thomas service
(http://grapheur.com/info/thomas/). Special purpose
vertical applications can also be realized on demand.

We encourage you to download a free evaluation copy from
the web site www.grapheur.com. Enjoy your navigation!

neurale con retro propagazione dell’errore o metodi simili di
“machine-learning”.

Un esempio: Suddividere una mesh per il calcolo parallelo
in Computational Fluid Dynamics

Dati: simulazioni fisiche complesse, ad esempio comuni in
Computational Fluid Dynamics, richiedono grandi risorse di
elaborazione. Il calcolo parallelo & usato solitamente per
ridurre il tempo della simulazione: lo spazio originario della
simulazione é coperto da una mesh discretizzata, suddivisa in
domini indipendenti, ognuno associato ad un computer
diverso. Il problema del partizionamento della mesh ha vari
obiettivi: uno punta alla suddivisione bilanciata della griglia
(punta cioé ad avere un numero simile di nodi per dominio),
mentre un altro tende a creare confini di dimensioni ridotte
(il numero degli archi tagliati & proporzionale alla quantita
di informazioni che devono fluire fra i vari processori; quindi
al costo della comunicazione).

Obiettivi delle tecniche di data mining e visualizzazione:

® (ollegare piu visualizzazioni con una tecnica sequenziale
di partizionamento dei grafi per permettere allutente di
partire con una situazione a due domini e successivamen-
te prosequire suddividendo ognuno dei due in due parti.

e Visualizzare le tre soluzioni. La radice dell’albero corri-
sponde alla mesh completa. I figli di un nodo corrispon-
dono invece a differenti modi di suddividere ogni domi-
nio della partizione associata al nodo genitore.

o Identificare un giusto compromesso fra bilanciamento

e lunghezza del taglio delle partizioni.

La modalita “navigazione” pud visualiz-
zare livelli multipli di partizionamento.
Partendo dalla radice e facendo doppio-
click su un nodo, l'utente potra vedere i
nodi figli relativi. Facendo doppio-click
sullo sfondo, si visualizza invece lintero
gruppo di soluzioni. Le soluzioni posso-
no essere studiate utilizzando le coordi-
nate parallele o tramite la visualizzazio-
ne a scatterplot.

Per altre informazioni:

Molti esempi in campi differenti sono
gia disponibili all'indirizzo: http://grapheur.com/info/cases/
Se non trovate un esempio che si adatti al vostro caso d’uso,
siamo disponibili a ricevere un campione dei vostri dati ed i
vostri pil segreti desideri di visualizzazione! Vi risponderemo
con alcuni esempi che dimostrano cosa potete fare con i
vostri dati: date un‘occhiata al nostro servizio “Thomas”
(http://grapheur.com/info/thomas/) e ricordate che le
applicazioni verticali possono essere sviluppate al volo, a
seconda delle vostre necessita.

Vi consigliamo di scaricare la vostra copia di valutazione
gratuita dal nostro sito web www.grapheur.com. Enjoy your
navigation!
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Order from chaos: discovering a regular grid after starting from local informa- Visualizing the financial performance of companies with Grapheur’s 7d plot
tion about distances (Grapheur).

Ordine dal caos: come scoprire una griglia regolare partendo da informazioni Prestazioni finanziarie di varie aziende con la visualizzazione 7d plot
locali sulle distanze (Grapheur). di Grapheur.

>
b
Visualizing a constraint-satisfaction method
with Grapheur
Visualizzazione di un metodo di soddisfazione
di vincoli con Grapheur.
o

L Visualizing a social network of politicians with
Grapheur

Una rete sociale di politici visualizzata con Grapheur.
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A simple Finite Element Solver for
thermo-mechanical problems

In this paper we would like to show how it is possible to
develop a simple but effective finite element solver to deal
with thermo-mechanical problems. In many engineering
situations it is necessary to solve heat conduction
problems, both steady and unsteady state, to estimate the
temperature field inside a medium and, at the same time,
compute the induced strain and stress states.

To solve such problems many commercial software tools are
available. They provide user-friendly interfaces and flexible
solvers, which can also take into account very complicated
boundary conditions, such as radiation, and nonlinearities
of any kind, to allow the user to model the reality in a very
accurate and reliable way.

However, there are some situations in which the problem
to be solved requires a simple and standard modeling: in
these cases it could be sufficient to have a light and
dedicated software able to give reliable solutions.
Moreover, other two desirable features of such a software
could be the possibility to access the source to easily
program new tools and, last but not least, to have a cost-

and-license free product. This turns out to be very useful
when dealing with the solution of optimization problems.

Keeping in mind these considerations, we used the Scilab
platform and the gmsh (which are both open source codes:
see [1] and [2]) to show that it is possible to build
tailored software tools, able to solve standard but complex
problems quite efficiently.

Of course, to do this it is necessary to have a good
knowledge basis in finite element formulations but no
special skills in programming, thanks to the ease in
developing code which characterizes Scilab.

In this paper we firstly discuss about the numerical
solution of the parabolic partial differential equation
which governs the unsteady state heat transfer problem
and then a similar strategy for the solution of elastostatic
problems will be presented. These descriptions are
absolutely general and they represent the starting point
for more complex and richer models. The main objective of

Feature Commercial codes

In-house codes

this work is certainly not to present revolutionary
results or new super codes, but just and simply to
show that in some cases it could be feasible,

It strongly depends on the
code. Commercial codes are

thought to be general purpose good

programming.

Flexibility

In principle the maximum
flexibility can be reached with a
organization of

Applications

useful and profitable to develop home-made
applications.

but rarely they can be easily
customized.

tailored on a specific need can
be done.

Cost

The license cost strongly
depends on the code.
Sometimes a maintenance has
to be paid to access updates
and upgrades.

No license means no costs,
except those coming out from
the development.

Numerics and
mathematics
knowledge required

No special skills are required
even if an intelligent use of
simulation software requires a
certain engineering or scientific
background.

A certain background in
mathematics, physics and
numerical  techniques is

obviously necessary.

Programming skills

Usually no skills are necessary.

It depends on the language and
platform used and also on the
objectives that lead the
development.

Performance

Commercial codes use the
state-of -the-art of the high
performance computing to
provide to the user very
efficient applications.

The performance  strongly
depends on the way the code
has been written.

Reliability of results

Usually commercial codes do
not provide any warranty on the
goodness of results, even
though many benchmarks are
given to demonstrate the
effectiveness of the code.

A benchmarking activity is
recommended to debug in-
house codes and to check the
goodness of results. This could
take a long time.

Table 1 - A simple comparison between commercial and in-house software is made in this
table. These considerations reflect the author opinion and therefore the reader could not

agree. The discussion is open.

The thermal solver

The first step to deal with is to implement a
numerical technique to solve the unsteady state
heat transfer problem described by the following
partial differential equation:
peSt— V- (kVT) = f in 0 (1)
which has to be solved in the domain Q, taking
into account the boundary conditions, which apply
on different portions of the boundary (I'=Tt U T,
U T). They could be of Dirichlet, Neumann or
Robin kind, expressing a given temperature T, a
given flux € or a convection condition with

the environment:

T=T
=
—kﬁ—Q

~kZ==h(T~T,) onl

o I

01 r{l (2)

being @ the unit normal vector to the boundary
and the upper-lined quantities known values at
each time. The symbols “V-” and “V” are used to

In-depth studies
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Figure 1 - In view of the symmetry of the pipe problem we can consider just one half of the structure during the computations. A null normal flux on the sym-
metry boundary has been applied to model symmetry as on the base line (green boundaries), while a convection condition has been imposed on the external
boundaries (blue boundaries). Inside the hole a temperature is given according to the law described on the right.

indicate the divergence and the gradient operator
respectively, while T is the unknown temperature field. The
medium properties are the density p, the specific heat ¢
and the thermal conductivity k which could depend, in a
general case, on temperature. The term f on the right hand
side represents all the body sources of heat and it could
depend on both the space and time.

For sake of simplicity we imagine that all the medium
properties are constant; in this way the problem comes out
to be linear, dramatically simplifying the solution.

For the solution of the equations reported in (1) we decide
to use a traditional Galerkin residual approach. Once a
discretization has been introduced, we obtain the
following expression, in matrix form:

[CHT} + KT} = (F} (3)

where the symbols [-] and {-} are used to indicate matrices

and vectors.
A classical Euler scheme can be implemented. If we assume
the following approximation for the first time derivative of

the temperature field:

T+ (L =0T} = nsa)=lTn} @

AL

being ¥=[0,1] and AT the time step, we can rewrite, after
some manipulation, equation (3) as:

(St 01K1) (Tosit - (2 + 0 - DIKY) (T} =
- ﬂ:anl.E + {1 - ﬂ}an.E

(5)

It is well known (see [4]) that the value of the parameter
vplays a fundamental role. If we choose ¥=0 an explicit
time integration scheme is obtained, actually the unknown
temperature at step n+1 can be explicitly computed
starting from already computed or known quantities.

Moreover, the use of a lumped finite element approach
leads to a diagonal matrix [C]; this is a desirable feature,
because the solution of equation (5), which passes
through the inversion of [C], reduces to simple and fast
computations. The gain is much more evident if a non-
linear problem has to be solved, when the inversion of [C]
has to be performed at each integration step.
Unfortunately, this scheme is not unconditionally stable;
the time integration step At has actually to be less than a
threshold which depend on the nature of the problem and
on the mesh. In some cases this restriction could require
very small time steps, giving high solution time.

On the contrary, if ¥=1, an implicit scheme comes out from
(5), which can be specialized as:

(B4 16)) Taa) - 2410 = 0(F,) (©)

In this case the matrix on the left involves also the
conductivity contribution, which cannot be diagonalized
trough a lumped approach and therefore the solution of a

T tergmwors
[E0 i 4

I B |

Figure 2 - Temperature field at time 30 The ANSYS Workbench (left) and our
solver (right) results. A good agreement can be seen comparing these two
images.

In-depth studies
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Figure 3 - Temperature field in the point P plotted versus time. The ANSYS
Workbench (red) and our solver (blue) results. Also in this case a good
agreement between results is achieved.

system of linear equations has to be computed at each
step. The system matrix is however symmetric and positive
definite, so a Choleski decomposition can be computed
once for all and at each integration step the backward
process, which is the less expensive from a computational
point of view, can be performed.

This scheme has the great advantage to be unconditionally
stable: this means that there are no restriction on the time
step to adopt. Obviously, the larger the step, the larger the
errors due to the time discretization introduced in the
model, according to (4).

In principle all the intermediate values for ¢ are possible,
considering that the stability of the Euler scheme is
guaranteed for ¢ > 1/2, pe1

but usually the most

used version are the full T T T T T
explicit or implicit one. ¥

In order to test the
goodness of our 300
application we have 100
performed many tests T

and comparisons. Here gk /_

we present the simple L

example shown in Figure X A E
1. Let us imagine that in L 300 I
a long circular pipe a

fluid flows with

ux=0

Figure 4 - The holed plate under tension
a Cconsidered in this work. We have taken
. advantage from the symmetry with
temperature . Wh]Ch respect to x and y axes to model only a
changes with time  quarter of the whole plate. Appropriate
according to the law boundary conditions have been adopted,

drawn in Figure 1, on the * highlighted in blue.

right. We want to estimate the temperature distribution at
different time steps inside the medium and compute the
temperature of the point P.

It is interesting to note that for this simple problem all the
boundary conditions described in (2) have to be used. A
unit density and specific heat for the medium has been
taken, while a thermal conductivity of 5 has been chosen
for this benchmark. The environmental temperature has
been set to 0 and the convection coefficient to 5.

As shown in the following pictures there is a good
agreement between the results obtained with ANSYS
Workbench and our solver.

The structural solver
If we want to solve a thermo-structural problem (see [3]
and references reported therein) we obviously need a
solver able to deal with the elasticity equations. We focus
on the simplest case, that is two dimensional problems
(plane strain, plane stress and axi-symmetric problems)
with a completely linear, elastic and isotropic response. We
have to take into account that a temperature field induces
thermal deformations inside a solid medium. Actually:

eii’ = alT — Trgp) (7)
where the double index i indicates that no shear
deformation can appear. The Tggr represents the reference
temperature at which no deformation is produced inside
the medium.
Once the temperature field is known at each time step, it
is possible to compute the induced deformations and then
the stress state.
For sake of simplicity we imagine that the loads acting on
the structure are not able to produce dynamic effects and
therefore, if we neglect the body forces contributions, the
equilibrium equations reduce to:

2% (8)

vV .-a = (0 or, with the indicial notation ax; =0

The elastic deformation & can be computed as the
difference between the total and the thermal contributions
as:

= gl0T _ gl (9)

which can be expressed in terms of the displacement
vector field u as:

€= (Vu+ V'u)

1 {du i
or, with the indicial notation &i; = (—l - i) (10)

2hdx Ay

1

A linear constitutive law for the medium can be adopted
and written as:

o= De (11)
where the matrix D will be expressed in terms of u and &
which describe the elastic response of the medium. Finally,
after some manipulation involving equations (9), (10) and
(11), one can obtain the following governing equation,
which is expressed in terms of the displacements field u
only:

(A + V(7 u) + uV3u — a(34 + 2OVT = 0 (12)

As usual, the above equation has to be solved together
with the boundary conditions, which typically are of
Dirichlet (imposed displacements # on I',) or Neumann
kind (imposed tractions P on T):

u=u on I,

og-ii=p on I,

(13)

In-depth studies
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under tension with a hole, as shown in Figure 4.
A unit Young modulus and a Poisson coefficient
of 0.3 have been adopted to model the material
behavior. The vertical displacements computed
with ANSYS and our solver are compared in
Figure 5: it can be seen that the two colored
patterns are very similar and that the maximum
values are very closed one another (ANSYS gives
551.016 and we obtain 551.014). In Figure 6
the tensile stress in y-direction along the
symmetry line AB is reported. It can be seen
that there is a good agreement between the
results provided by the two solvers.

Figure 5 - The displacement in y direction computed with ANSYS (left) and our solver (right).
The maximum computed values for this component are 551.016 and 551.014 respectively.

4.0
Sy
R Thermo-elastic analysis of a pressure vessel
33 In the oil-and-gas industrial sector it happens very often
- to investigate the structural behavior of pressure vessels.
Ans These structures are used to contain gasses or fluids;
2.0 = Eriluly sobeer . . . . .
sometimes also chemical reactions can take place inside
13 these devices, with a consequent growth in temperature
_‘_"‘"——-______
= I el and pressure.
“""'*—-—;
05

For this reason the thin shell of the vessel has to be
0.0 checked taking into account both the temperature
0 i e i e 3% b distribution, which inevitably appears within the structure,

Figure 6 - The y-component of stress along the vertical symmetry line AB .
(see Figure 4). The red line reports the values computed with ANSYS while and the mechanical loads. If we neglect the holes and the

the blue one shows the results obtained with our solver. No appreciable dif- nozzles which could be present, the geometry of these
ference is present.

The same approach
described above for the . Density
. Material
heat transfer equation, [kg/m3]
the Galerkin weighted
residuals, can be used
with equation (12) and
a discretization of the
domain can be
introduced to Table 2 - The thermal and the mechanical properties of the materials involved in the analysis.
numerically solve the problem.
Obviously, we do not need a time
integration technique anymore, 120
being the problem a static one. We e Temperature

will obtain a system of linear / 100

equations characterized by a

symmetric and positive definite ; = |
matrix: special techniques can be = — |
exploited to take advantage of these posSL . oo oo I|
properties in order to reduce the [

storage requirements (e.g. a sparse
symmetric storage scheme) and to
improve the efficiency (e.g. a
Choleski decomposition, if a direct o
solver is adopted). As for the case of 0 100 200 300 400 500 £00
the thermal solver, many tests have
been performed to check the

Specific Thermal Young Poisson Thermal
expansion

heat conductivity | modulus ratio coeff
[/kg°C] | W/mec) | [N/m?] [-] [eQ)

Steel 7850 434 60.5 2.0-10" 0.30 1.2-10°

Insulation 937 303 0.5 1.1-10° 0.45 2.0-10*

e s |

Time

Figure 7 - A simple sketch illustrates the vessel considered in this work. The revolution axis is drawn with

accuracy of the results. Here we the red dashed line and some dimensioning (in [m]) is reported. The nozzle on top is closed thanks to a
propose a classical benchmark cap which is considered completely bonded to the structure. The nozzle neck is not covered by the insulating
material. On the right the fluid temperature versus time is plotted. A pressure of 1 [MPa] acts inside the
vessel.

involving a plate of unit thickness
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Figure 9: The radial (left) and vertical (right) displacement of the vessel.

Figure 10: The von Mises stress and a detail of the neck, on the right, together with the structural mesh.

structures can be viewed, very often, as a solid of
revolution. Moreover, the applied loads and the boundary
conditions reflect this symmetry and therefore it is very
common, when applicable, to calculate a vessel using an
axi-symmetric approach.

In the followings we propose a thermo-mechanical analysis
of the vessel shown in Figure 7. The fluid inside the vessel
has a temperature which follows a two steps law (see
Figure 7, on the right) and a constant pressure of 1 [MPa].
We would like to know which is the temperature reached
on the external surface and which is the maximum stress
inside the shell, with particular attention to the upper
neck.

We imagine that the vessel is made of a common steel and
that it has an external thermal insulating cover: the
relevant material properties are listed in Table 2.

When dealing with a thermo-mechanical problem it could
be reasonable to use two different meshes to model and
solve the heat transfer and the elasticity equations.
Actually, if in the first case we usually are interested in
accurate modeling the temperature gradients, in the
second case we would like to have a reliable estimation of
stress peaks, which in principle could appear in different
zones of the domain. For this reason we decided to have
the possibility to use different computational grids: once
the temperature field is known, it will be mapped on to the
structural mesh allowing in this way a better flexibility of
our solver.

N
/__.

In the case of the pressure vessel we
decided to use a uniform mesh within
the domain for the thermal solver,
while we adopted a finer mesh near
the neck for the stress computation.

In Figure 8 the temperature field at
time 150 [s] is drawn: on the right a
detail of the neck is plotted. It can be
seen that the insulating material plays
an important role, the surface
temperature is actually maintained
very low. As mentioned above a
uniform mesh is employed in this case.
In Figure 9 the radial (left) and the
vertical (right) deformed shapes are
plotted. In Figure 10 the von Mises
stress is drawn and, on the right, a
detail in proximity of the neck is
proposed: it can be easily seen that
the mesh has been refined in order to
better capture the stress peaks in this
zone of the vessel.

Conclusions

In this work it has been shown how it
is possible to use Scilab to solve
thermo-mechanical problems. For sake
of simplicity the focus has been posed
on two dimensional problems but the reader has to
remember that the extension to 3D problems does not
require any additional effort from a conceptual point of
view.

Some simple benchmarks have been proposed to show the
effectiveness of the solver written in Scilab. The reader
should have appreciated the fact that also industrial-like
problems can be solved efficiently, as the complete
thermo-mechanical analysis of a pressure vessel proposed
at the end of the paper.
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interviews
Alessandro
Franzoni, CEO of
Superjet
International

Superjet International was established in 2007 as a
powerful  “joint-venture”  between  Alenia
Aeronautica, a West European organization, and

Sukhoi Holding, a Russian-based company. From

the beginning, the partnership has been based on

a well-structured joint initiative in the aeronautic

field.

The primary objective is to market the new Sukhoi

Superjet 100, a shortrange aircraft (100 seats).

Today, its 4 prototypes are actually in the development and
certification stage; the aircraft is expected to be in regular
operation in the second half of 2010.

Superjet International is based at Venice’s Marco Polo
International Airport.

Roberto Gonella of EnginSoft had the pleasure to interview
Alessandro Franzoni, a veteran of 22 years in Alenia
Aeronautica. Since its foundation, Mr Franzoni has been the
CEO of Superjet International. Prior to that, he supported
Alenia Aeronautica where he hold the position of Chief
Technical Officer for 3 years.

1. Which is the role (or should be the role) of innovation
in the industrial and entrepreneurial world?

Innovation has a primary role in all industrial and non-
industrial sectors: the most successful companies are always
the ones whose first ambition is to innovate their product.
This can also be clearly observed in the aeronautical sector.
It is extremely important to define the sphere of innovation
in our typical application areas: for example, it is not
sufficient to base our technology innovation on new product
manufacturing; instead, it is essential to include all
development, production, support and management
processes in our innovation endeavors.

The historical actors in the aeronautical fields (the client
and its supplier) are emerging from their ancient and well-
structured relationship to become new global companies, so-
called global extended enterprises. This way, client,
partnership and supplier are establishing a new “complete”
company on a worldwide scale.

In our environment, guidelines for a new aircraft are
changing, evolving with time. We would not succeed if we
consider multi-disciplinary integration only in the single
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€EnginSoft
intervista l'ing.
Franzoni di
Superjet
International

SuperJet International nasce nel 2007 come risul-
tato della prima collaborazione strutturale in cam-
po aeronautico tra un’azienda occidentale, Alenia
Aeronautica, ed una russa, Sukhoi Holding, nel
campo dell'aviazione commerciale.

“== Lobiettivo e quello di commercializzare nel mondo
occidentale, predisporre e realizzare le configura-
zioni Cliente e fornire supporto logistico globale al
nuovo Sukhoi Superjet 100, velivolo regionale a

getto da 100 posti di nuova generazione, attualmente in fa-

se di prove di sviluppo e certificazione con i suoi 4 prototi-

pi e atteso all'entrata in servizio entro il 2010.

La societa é basata a Venezia.

Ling. Alessandro Franzoni, 22 anni in Alenia Aeronautica, &

dallinizio di questa impresa Amministratore Delegato di

SuperJet International, dopo aver ricoperto per 3 anni il

ruolo di Chief Technical Officer in Alenia Aeronautica.

1. Che spazio ha (e dovrebbe avere) linnovazione nel
mondo industriale/impresariale?

E ormai riconosciuto in tutti i settori che linnovazione ha
un ruolo primario: le aziende che dimostrano la maggior ca-
pacita di innovare risultano quelle di maggior successo.
Questo vale anche nel settore aeronautico. Piuttosto & inte-
ressante definire l'ambito dell'innovazione nel campo delle
nostre attivita: é certamente riduttivo vedere linnovazione
limitata alle tecnologie per la realizzazione di nuovi prodot-
ti, occorre considerare anche linsieme dei processi, sia quel-
li di sviluppo, produzione e supporto ma anche quelli di
management. La struttura delle collaborazioni in campo ae-
ronautico sta rapidamente evolvendo da rapporti
Cliente/Fornitore o Prime/Sub a quella delle cosiddette

NEe1ETEEE




36 - Newsletter EnginSoft Year 7 n°2

VIF accemmedation
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company. It clearly needs the new global company to
operate 24 hours a day without interruption using the most
advanced simulation systems for our product development
and manufacturing.

The new dynamic rules between the client and his provider
also require a high level management relationship. In my
business and logistics support groups, “Power by the Hour”
delivers daily positive results based on flexibility and cost
solutions. We have achieved our goals by using the “new
deal” for engine providers.

The positive impact of innovation and technology on
consumer products, can be witnessed also in our daily lives;
for example: we can buy goods on-line during a flight and
pick them up upon our arrival at the destination airport.

A clear example of the positive impact of different
technologies in the aeronautical field, is the capability of
synthesizing more functionalities into a single structure. The
wide use of advanced nanomaterial technologies will allow
to increase performances, reduce weight and to lengthen the
life of our future aircrafts; in other words, nanotechnology
is an excellent example of cross-sectoral activities in
industry.

Finally, I always encourage my co-workers to be more curious
about the events in sectors close to ours. In my opinion the
most innovative contents for the future of our industry will
probably come from non-aeronautical sectors.

2. Which are the strategies for innovation and what
pushes them forward?

Innovation is pushed forward by growing demands, we are
forced to innovate our product while a series of boundary
conditions has to be met.

First of all, business knowledge is essential, and we have to
be able to predict changes in our business.

Our business sensitivity should be activated by various
sensors: our client, its attitude and demands. Quite often
though, the client is inclined to be conservative, at least
until he/she unfortunately faces challenging technical
problems. Then, their policy naturally is to hand over the
problem to their supplier.

I strongly believe that we have to learn our lessons,
exchange and share our knowledge. We have to be curious,
versatile, look at other sectors, other businesses: somebody
once said: to innovate means to copy in a better way... but
first of all, innovation should be about motivation. People,
their enthusiasm, their believes, their excitement about

“Global Extended Enterprises”, cioé
aziende “estese”, che includono Clienti,
partners e fornitori su scala mondiale.
Su questi temi altri settori industriali ci
hanno preceduto, basti pensare
all'automotive. Ma e gia cambiato il
modo di progettare i nuovi velivoli. In
questo senso oggi parlare di integra-
zione multidisciplinare non piti e non
solo allinterno della singola azienda
ma nell'azienda globale estesa, utiliz-
zando i pill avanzati sistemi di simulazione real time, con-
sente veramente di operare praticamente senza soluzione di
continuita nelle 24 ore.

Lintegrazione tra fornitore e cliente finale ha raggiunto li-
velli molto alti ed oggi, parlando nello specifico del settore
di cui mi occupo, gli aerei regionali, la nostra performance
& determinante per i risultati dei nostri Clienti, le compagnie
aeree, ed anche il modo con cui ci si rapporta & cambiato
moltissimo: una delle innovazioni principali nella struttura
del business, il supporto logistico “Power by the Hour”, fu il
risultato di un problema di costi e flessibilita operativa del-
le aerolinee interpretato in chiave innovativa da un fornito-
re di motori...

Per quanto riguarda i prodotti si registra sempre di pitl una
contaminazione tra tecnologie ed innovazioni provenienti da
altri settori (pensiamo come le pill avanzate tecnologie di
comunicazione hanno cambiato e stanno cambiando non so-
lo le prestazioni degli aerei commerciali ma anche la fruizio-
ne del mezzo aereo che ognuno di noi sperimenta giornal-
mente, con la possibilita ormai disponibile di fare tranquil-
lamente acquisti on line durante il volo e magari trovare la
merce acquistata all’aeroporto di arrivo...).

Del resto le tecnologie chiave del futuro sono quelle che
consentiranno di integrare pit funzionalita all'interno di sin-
gole strutture o sistemi, le strutture funzionalizzate attra-
verso l'utilizzo di nano materiali consentiranno di aumenta-
re le prestazioni, ridurre i pesi e aumentare la vita degli ae-
rei futuri. E le nanotecnologie sono un esempio eccellente di
cross-industry.

Quello che raccomando sempre a chi lavora con me é di ave-
re curiosita per quello che avviene in settori contigui al no-
stro, il maggior contenuto di innovazione per il futuro della
nostra industria verra probabilmente da settori non aeronau-
tici.

2. Quali sono le strategie per essere innovativi e quali va-
lutazioni spingono all’innovazione?

La spinta all'innovazione viene dalla necessita di crescere. Si
é costretti ad innovare. Per saper innovare occorrono molte
condizioni. Una condizione essenziale & conoscere il proprio
business ma soprattutto anticiparne i cambiamenti. Per que-
sto occorre avere molti sensori: i principali sono i Clienti, ma
spesso i Clienti tendono ad essere conservatori, almeno fino
a quando non incontrano grossi problemi che allora cercano
di ribaltare sui fornitori! Occorre saper imparare, occorre ge-
stire e condividere la conoscenza.
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their work and future are |
essential for innovation: the
manager should be able to
set the conditions for a
creative working
environment.

Remember that innovation is
quite different from
technology: you can be a
great innovator without
developing any technology,
but predicting or even
creating general
requirements or expectations, like Apple and other providers
teach us.

3. Which are the roles of CAE and Virtual Prototyping?
These are strong instruments with two different aims: first,
to make our daily work easier and, on the other hand, to
stimulate our technical ideas and understanding.

Time to market and cost reductions are the main reasons for
applying CAE and VP in our sector. Multidisciplinary
integration and speed development capabilities deliver
excellent responses for economic optimization because many
trade-off configurations are able to reduce time and cost.
In other words, it is better to approach the global technical
problem in a parallel way rather than in a sequential one
and, if you work in a multidisciplinary way, the technical
philosophy is right.

4. How did the user’s demand change in the last year?
Now, the user's demand is to realize multidisciplinary
integration and often, to work in real time.

5. What are the benefits that you have experienced and
how has your work changed in the design and production
domains?

The most important factor is to cultivate our network and to
organize collaborative design methodologies. The defense of
company knowledge is gradually substituted by an attitude
of developing and sharing the same know-how with each
other. It really is a cultural jump which should be supported
by effective tools, and these tools should be integrated for
the handling of information: Product Life Cycle Management,
and also for multidisciplinary integration and virtual
prototyping.

6. In what way has EnginSoft contributed to increase the
value, the quality and the capabilities of your company?
I have always appreciated EnginSoft because of its
capabilities to provide effective and convincing solutions;
for example Multi-disciplinary Optimization Software -
modeFRONTIER - developed by ESTECO EnginSoft Tecnologie
per |'Ottimizzazione and it is widely used in aerospace
companies.

Clearly, companies are looking for partners that are able to
provide added value and not for providers that are only
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[ Occorre avere curiosita e tra-
sversalita, guardare altri setto-
ri, altri business: c'é chi dice
che innovare significa copiare
al meglio...

Ma linnovazione va anzitutto
stimolata. Le persone, il loro
entusiasmo, il credere e la pas-
sione nel loro lavoro sono es-
senziali per linnovazione: oc-
corre percio lavorare per crea-
re le premesse per un ambien-
te creativo. E ricordiamoci che
innovazione ¢ diverso da tecnologia: si puo essere grandi in-
novatori anche senza “inventare” tecnologie, ma anticipan-
do o addirittura creando dei bisogni o delle aspettative, co-
me insegnano Apple e alcuni altri...

3. Che ruolo ricoprono gli strumenti CAE e di prototipazio-
ne virtuale in tal senso?

Sono sia dei facilitatori che degli stimolatori.

Laddove la riduzione del time to market (attraverso il supe-
ramento di quella fase intermedia tra sviluppo e produzione
che é la cosiddetta industrializzazione) e la riduzione dei co-
sti di sviluppo rappresentano obiettivi primari nel nostro
settore, tutto cio che favorisce lintegrazione multidiscipli-
nare e la capacita di sviluppare velocemente trade offs di
configurazione riduce tempi e costi.

D'altra parte abituando e in qualche modo costringendo ad
approcciare i fenomeni in modo multidisciplinare, “paralle-
lo” e non “sequenziale”, si migliorano le capacita di intera-
zione e di ottimizzazione delle soluzioni e si migliora il pro-
dotto.

4. Come sono cambiate le esigenze degli utilizzatori negli
ultimi anni?

Il principale fattore di cambiamento sta nell'esigenza di rea-
lizzare una vera integrazione multidisciplinare e di operare
spesso in real time.

5. Quali vantaggi ha rilevato nella sua esperienza profes-
sionale e come é cambiato il suo approccio alla progetta-
zione/produzione?

Il cambiamento maggiore sta nell’aver riconosciuto che an-
che nelle attivita di ricerca e sviluppo la forza sta nel net-
work e nell'approccio collaborativo. La difesa e la protezio-
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selling products. At the same time, a perfect knowledge of
the recommended products and their abilities, as well as an
understanding of the entire development and design cycles
are fundamental. For this reason, EnginSoft is a valued
partner because its experts have the experience to offer
effective solutions for different problems. Often, the
expertise of EnginSoft suits our expectations perfectly
because it can be transferred and adjusted also to sectors
close to ours.

7. In your opinion, what are the perspectives for
computational codes in view of the future market
challenges?

In my opinion, calculation codes will play an important role.
I'm convinced that in the future, standardized solutions and
multidisciplinary environments will be required and that in-
house codes will only be necessary and applied in a handful
of situations.

Given the expected development of nanotechnology in the
future, its functionalities, and the narrow ties between
chemical and physical requirements, I hope to have the
support from a computational code which is able to follow a
global design, all the way from material requirements to the
final component design.

8. What are the projects that you plan to realize for which
these tolls will be used?

Cost reduction, time to market and product optimization will
be the primary objectives that we hope to reach with the
support of CAE and VP tools. However, I also plan to increase
our networking capability with the same technologies.

9. What are your expectations for technology developers
and vendors who still strive for the right balance between
competition and creativity?

I believe a creative person should

not act as an anarchic inventor.

We professionals are important

parts of company processes. We

have to have the capability to

develop a different point of view

based on our competencies and

experiences, and to answer to

unconventional problems, in other

words: to solve problems and

provide solutions!

ne del know how hanno lasciato, o stanno lasciando, il po-
sto alla condivisione e allo sviluppo del know how. E un sal-
to culturale enorme, e soprattutto deve essere sostenuto da
strumenti efficaci ed integrati per la gestione delle informa-
zione (Product Life Cycle Management), per lintegrazione
multidisciplinare ed il Virtual Prototyping.

6. Qual e stato il contributo di EnginSoft e in che modo ha
saputo valorizzare qualita, potenzialita e capacita della
sua industria/impresa?

Quello che ho sempre apprezzato di EnginSoft é la capacita
di fornire soluzioni, per esempio il software modeFRONTIER
per lottimizzazione multi-discliplinare, sviluppato da
ESTECO EnginSoft Tecnologie per l'Ottimizzazione, ampia-
mente utilizzato dalle aziende aeronautiche.

Oggi le aziende cercano partners che possano portare valore
aggiunto, non fornitori che vendano prodotti.

Questo d’altro canto impone una perfetta conoscenza dei
prodotti offerti ma anche dei processi di progettazione e svi-
luppo del Cliente, per consentire di proporsi come solutori di
un problema, spesso mutuando esperienze gia fatte in ambi-
ti e settori contigui.

7. Che prospettive intravede per i codici di calcolo in rela-
zione alle sfide poste dal futuro?

Vedo una prospettiva importante, senza dubbio, pensando
anche al fatto che sempre pitl dovremo ricorrere a soluzioni
standardizzate ed integrate in ambienti di simulazione mul-
tidisciplinare, e solo per casi “ai limiti” ricorrere a codici
proprietari.

Vedo anche, con il futuro delle nanotecnologie e delle strut-
ture funzionalizzate, un legame sempre pit stretto tra la chi-
mica e la fisica su tutta la filiera, dalla progettazione del
materiale alla progettazione del componente.

8. Quali progetti, obiettivi e nuovi traguardi intende per-
seguire grazie all’uso di questi strumenti?

Oltre ai consueti obiettivi di riduzione dei tempi di svilup-
po, dei costi e alla ottimizzazione del prodotto penso che
questi strumenti aumenteranno sempre di pil la capacita di
networking e di collaborazione. Questo € gia oggi ma lo sa-
ra sempre pit in futuro un fattore chiave di successo.

9. E cosa si auspica per il mondo della tecnologia scienti-
fica alla continua ricerca di una dimensione tra creativita
e competitivita?

Le due dimensioni non solo non competono ma so-
no estremamente interconnesse.

Competitivita vuol sempre pit dire capacita di in-
novare e di valorizzare l'innovazione. E linnovazio-
ne si sviluppa al meglio in ambienti creativi. Il
n creativo non é il genialoide anarchico, é il profes-

ey
1 "
?qi‘ sionista inserito nel processo aziendale che con la

sua capacita di avere un punto di vista differente,
basato sulla sua competenza ed esperienza ma an-
che sulla sua abilita di dare risposte non conven-
zionali, risolve i problemi e fornisce soluzioni.
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Il Progetto VERDI:
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Virtual €ngineering for Robust
Manufacturing with Design Integration

Product requinermems

Figura 1 - Virtual - Design — Manufacturing Design Chain.

La sigla VERDI ¢ l'acronimo di Virtual Engineering for Robust
Manufacturing with Design Integration ed € il nome di uno
progetto STREP co-finanziato dalla Comunita Europea che si
& da poco concluso dopo 4 anni di lavoro. Il progetto é sta-
to finalizzato alla creazione e validazione di una metodologia
affidabile per la simulazio-
ne numerica della Design
Chain che governa la pro-
gettazione di componenti
aeronautici.

La progettazione di tali
componenti ha la preroga-
tiva di coinvolgere un ele-
vato numero di aziende
con competenze e utilizza-
zione di strumenti, sia

Dal punto di vista della simula-
zione numerica, particolare im- *VERD’
portanza é stata ricoperta dalla

capacita di trasmettere i risul-

tati tra software diversi, che possono utilizzare mesh anche
molto dissimili, senza perdere dati significativi, sia tra una
fase della Design Chain e la successiva, sia, allinterno di una
stessa fase, tra simulazioni effettuate su scale fisiche
diverse.

Oltre a EnginSoft, il progetto ha coinvolto sei tra i maggiori
produttori europei di motori aeronautici e componentistica
(Volvo Aero, Rolls-royce, MTU Aeroengines, Avio, Techspace
Aero, ITP), sei Universita europee (Aachen University of
Technology, Karlsruhe, Lulea University of Technology,
Trollhattan/Uddevalla University, Notthingam ed il
Politecnico di Torino), tre centri di ricerca (CIMNE,
CENEARO, AIC).

software che hardware ete- Figura 2 - Processo di lavorazione e simulazione del componente in Nickel.

rogenei che rendono il flus-
so delle attivita particolar-
mente complesso.

Il progetto ha inoltre svi-
luppato protocolli per vali-
dare in modo verticale ogni
fase della Design Chain,
validando ogni lavorazione
virtuale con risultati rica-
vati da test sperimentali
(es. caratterizzazione dei
materiali).
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Figura 3 - Processo di lavorazione e simulazione del componente in Titanio.
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Figura 4 - Catena di lavorazione virtuale del sotto componente in Nickel.

Descrizione del lavoro svolto
I partner sono stati divisi in due gruppi che hanno sviluppa-
to, in modo indipendente, due sotto componenti sia dal pun-
to di vista numerico che nella produzione del prototipo rea-
le: una struttura della parte posteriore del motore realizzata
in Inconel 718 (lega di Nickel) e una della parte frontale rea-
lizzata in Ti-6V-4Al (lega di Titanio).

Ogni partner ha utilizzato, come anticipato, un differente
software di simulazione, sia per descrivere le diverse fisiche
coinvolte, che per descrivere la scala del problema (micro
scala o macro scala). I dati tra i vari partner sono stati scam-
biati mediante software sviluppati all'interno del progetto da
diversi partern.

Nella figura 4 e stato riportato, come esempio, la Design
Chain virtuale relativa la componente in Nickel.

I principali argomenti sviluppati durante il progetto, oltre a
quello relativo alla mappatura dei risul-

tati, hanno riguardato le simulazioni dei

processi di deposizione di materiale @ 7
(metal deposistion), pallinatura (shot
peening), trattamenti termici (heat tre-
atment), saldatura (welding), pelo rul- __~
latura (roller burnishing) e lavorazioni
per asportazione di truciolo (machi-
ning).

In particolare, ANSYS é stato utilizzato
in alcune fasi cruciali della catena, qua-
li la simulazione della saldatura, delle
lavorazioni per asportazioni di truciolo e
della valutazione della vita a fatica del
componente, sfruttandone a pieno le
caratteristiche multi fisiche legate alle
analisi termo-strutturali in accoppia-
mento forte.

E

Contributo di EnginSoft

EnginSoft si & occupata della simulazio-
ne del processo macroscopico di lavora-
zione per asportazione di truciolo del
componente in Nickel.
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La simulazione ha tenuto conto di due effetti che si svilup-

pano su scale differenti:

1