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complex 3D flow field, it is very difficult

to optimize the cooling system using

standard design methodologies, also

considering the other blade tip

requirements such as minimizing the hot

leakage air from pressure to suction side,

which has a negative impact on turbine

aerodynamic efficiency.

For these reasons, the area of the tip is

investigated with a parametric CFD

approach: a parametric model is run

several times guided by an optimization

algorithm, such that an optimal solution

in terms of performance can be found.

This kind of approach requires to link an

optimization software (modeFRONTIER) to

a 3-D CFD code (ICEM-CFX5) with the goal

to find the optimal values of some

geometrical parameters of the tip area of

the high pressure rotor blade, such

that certain performance objectives

are reached. As a consequence of

the geometrical complexity of the

problem and of the high

computational time, the use of the

interpolators or expert system

techniques becomes compulsory if a

3-D fluid-dynamic optimization has

to be approached.

Several methods are generally

available within optimization

software: RSM, ANN, etc. In this

case, a ANN method was chosen

because of the nonlinearity of the system.

Blade cascade
This way, after a preliminary series of CFD

analyses and after the estimation of ANN,

the 3-D CFD model can be substituted by

a series of mathematical functions and

the computational time is considerably

reduced. The expert system, represented

by a ANN, must be introduced after a fair

number of analyses are run, such that the

expert system is reliable. 

The error of the expert system is a known

value and is the parameter which yields

the accuracy of the interpolator relative

to the database of real experiments so far

acquired. It is up to the designer to chose

the threshold error value of his expert

system. Basically, the more CFD analysis

we run, the more trained and the

more accurate the expert system

becomes, but with an increase of

the CPU effort, and viceversa.

A parametric batch procedure

allows the creation of different

geometrical models, the mesh

generation and the CFD analyses of

the blades in an automatic way.

A series of preliminary CFD

simulations is planned and a

screening is performed in order to

build an input-output database.

ANN coefficients for the two layers

are calculated by the optimizer. A

MOGA algorithm investigates runs with

further CFD "Virtual" analysis, exploring

the space of possible solutions on the

ANN. Basically a virtual optimization of

the cooling system is carried out without

further CPU expensive CFD analysis.

The best virtual solutions are selected and

the ANN virtual solutions are validated by

a "real" CFD analysis.

More accurate Neural Nets can now be

estimated with a larger database. The

virtual optimization can be executed

again and new and more performing

designs can be found. This procedure is

repeated till the desired convergence to

the set of optimal solutions is achieved.

Finally, a layout of tip cooling nozzles is

found by the optimizer and validated by a

CFD analysis. 

The final design chosen proved to yield

the same heat transfer performance with

a reduction of approximately 16% of the

cooling air required. Hence we can

conclude that a remarkable increase of

performance of 16% is obtained thanks to

an innovative complete CAE design

process with CFD parametic models

evolved by optimization algorithms.

For more information:

Ing. Lorenzo Bucchieri

EnginSoft CFD Manager

info@enginsoft.it

AEROSPACE
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Gear Noise Reduction by numerical 
optimization of macro-geometrical and
micro-geometrical design parameters
A numerical optimization process has

been carried out in order to improve the

performances of two helicoidal gears

(here called pinion and gear) used to

move the oil pump of a four cylinder

diesel engine for a light commercial

vehicle application. In particular the aim

of this activity has been to reduce, the

noise generated by the gears under the

normal operating conditions without

penalizing their strength and reliability. 

To do this modeFRONTIER has been used

together with Helical3D which is a

commercial software performing three-

dimensional finite element analyses of

gears taking into account the contact

problem. 

Among the several outputs deriving from

a Helical3D analysis the most significant

ones have been chosen as objectives of

the optimization: the maximum bending

stress at the tooth root of each gear, the

maximum contact pressure and the peak

to peak transmission error (PPTE). The

first quantities are related to the gear

reliability whereas the last one can be

considered as a noise indicator.

At the end of the optimization activity,

the predicted PPTE has been reduced by

70% without affecting the calculated

gear reliability.

Input and output variables
The input variables for the optimization

have been divided into two categories:

• the macro-geometrical variables are

those which affect the gear size and

the tooth shape;

• the micro-geometrical variables are

used to modify the theoretical tooth

profile in order to improve the gear

functioning.

The quantities chosen as output

variables are:

• the maximum pinion and gear

bending stress at the tooth root 

(Pic. 1). 

• the maximum contact pressure 

(Pic. 1). 

• the peak to peak transmission error.

It is computed as the amplitude of

the gears angular tilting, that is the

amplitude of the difference between

the actual and the theoretical

angular displacement 0 (Pic. 2).

Generally speaking, the PPTE depends

on the tooth stiffness: the more

flexible the tooth is, the more it  can

bend and follow the gear movement.

This kind of behavior smoothes the

sharpness of the tilting reducing the

PPTE.

Objectives and constraints: 

The optimization process has been

performed with the following objectives:

• to minimize the maximum bending

stresses;

• to minimize the maximum contact

pressure;

• to minimize the PPTE.

Moreover, some constraints have been

set, in particular:

• the maximum bending stresses below,

the material bending strength;

• the maximum contact pressure below,

the material pressure limit.

Picture 1: Bending stress and contact pressure computed by Helical3D

Picture 2: Peak to peak transmission error definition
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Optimization strategy
A first attempt to run an optimization

process has been tried using the macro-

geometrical variables. As the Pic. 3

shows, this definition of the input

variables causes the feasible design

space to be too small compared to the

whole design space defined by the

complete range of the input variables.

This involves some problems for the DOE

and optimization algorithms.

So the model has been modified

changing some discrete type constrained

variables into new ones characterized by

continuous ranges. This kind of variable

transformation stretches the original

feasible space into a new one where no

constraint is necessary. 

The new model has been used to carry

out an optimization in two steps: in the

first step only the macro-geometrical

parameters have been considered to be

variable, whereas the micro-geometrical

ones have been kept constant at the

current value; the second optimization

step has been done considering both the

macro- and micro-geometrical

parameters as variables.

Each optimization step was done

following an iterative procedure,

performed until the response surfaces

accuracy reached a target value.

Results
The contact pressure response surface

shows in the first step smaller errors

than in the second step. This is due to

the micro-geometrical variables which

affect mostly the contact pressure.

The PPTE has shown itself to be a very

difficult quantity to be interpolated as

the high errors found for its response

surface demonstrate. At the end of each

step the Pareto frontier has been found

(Fig. 4) and the decisional procedure

applied. As a result, it is possible to

compare the PPTE computed for the

current design to the best designs after

the first and the second step (Fig. 5). It

can be noted that the optimization

process has lead to a PPTE reduction of

about 70%.

Conclusions
modeFRONTIER has been used for a gear

optimization in order to reduce the

predicted noise as much as possible,

preserving the structural reliability of the

current design. It has been easily

interfaced with Helical3D which is a

commercial software for three-

dimensional analyses of gears.

The response surface tool has proved to

be particularly useful with regard to the

very long calculation time necessary to

perform a great number of simulations.

In conclusion it can be stated that the

use of a multi-disciplinary optimization

software such as modeFRONTIER

permitted the computed performances of

the analysed gears to improve

considerably.

Filippo Lachina - Iveco FPT, Industrial &

Marine, Product Development

Francesco Franchini - EnginSoft

info@enginsoft.it

Picture 3: Feasible designs in comparison with the whole design space. On the left,
the effect of the only transmission ratio constraint, on the right, the effect of both
constraints 

Picture 4: Section of the Pareto frontier in the plane PPTE-
Pinion stress 

Picture 5: PPTE comparison between the current design and the
best designs after the first and the second step
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Innovative PERM injection system 
design within the NEWAC EC Project

Abbreviations
ACARE: Advisory Council for Aeronautical

Research in Europe

ANTLE: Affordable Near-Term Low

Emissions

CAEP: Committee for Aviation

Environment Protection

CAE: Computer-Aided Engineering

CFD: Computational Fluid-Dynamics

CLEAN: Component vaLidator for

ENvironmentally-friendly Aero-Engine

EEFAE: Efficient, Environmentally

Friendly Aero-Engine

ESTECO: EnginSoft TECnologie per

l’Ottimizzazione

MOGA: Multi Objective Genetic Algorithm

NEWAC: NEW Aero Engine Core concept

OPR: Overall Pressure Ratio

PERM: Partially Evaporating Rapid Mixing

SRA: Strategic Research Agenda

VITAL: enVIronmenTALly Friendly Aero

Engine)

Introduction
NEWAC is an initiative from the Engine

Industry Management Group that

integrates European aero engine

manufacturers, the main European

aircraft manufacturer (Airbus), small and

medium enterprises and industries

providing innovative technologies, as

well as leading research institutions in

the field of aeronautics to provide a step

change for low emission engines by

introducing new innovative core

configurations to strongly reduce CO2

and NOX emissions.

State of the art of Aero
Engines
Global air traffic is estimate to grow at

an average annual rate of about 5% in

the next 20 years. This scenario urgently

requires to address environmental

penalties: the gases and particles

emitted by engines contribute to local

air quality degradation in airport

vicinities and alter the concentration of

greenhouse gases on a global level,

leading to climate change. Thus, Europe's

aviation industry faces a considerable

challenge to satisfy the demand whilst

ensuring economic, safe and

environmentally friendly air travel.

Large investments have already been

made in Europe and the US through R&D

programmes and collaborations to reduce

the negative environmental effects of

aircraft use. In fact, research provides

the technologies to improve the

performance of existing engine

components.

However, even if these technologies

Figure 1: Fuel consumption / CO2 reduction for different core concepts: Newac vs. state of the art

Figure 2: NOX reduction for different core concepts: NEWAC vs. state of the art

CFD aerodynamic study and
MOGA optimization of the air
distribution layout for a
medium pressure Combustor
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permit improvements in emissions, their

existing limitations will not allow the

industry to reach the goals set in ACARE:

to reduce NOX and CO2 emissions and to

achieve the ACARE objectives, it is now

mandatory to develop new engine

configurations and to perform

complementary research and

development of core engine technologies

(high pressure system).

Objectives
ACARE identified the research needs for

the aeronautics industry for 2020, as

described in the ACARE SRA. Amongst

others, the following targets regarding

the engine are set, which will be looked

for by NEWAC:

• 20% reduction in CO2 emissions per

passenger-kilometre whilst keeping

specific weight of the engine

constant (see Figure 1);

• significant reduction of NOX

emissions during the landing and

take-off cycle (-80%) and in cruise (-

60%) respect to CAEP/2 limit (see

Figure 2).

The main result of NEWAC will be fully

validated, novel technologies enabling a

6% reduction in CO2 emission and a 16%

reduction in NOX according to landing

and take-off cycle versus the CAEP/2

limit. These results will be integrated

with past and existing EC Projects in the

field, notably EEFAE (-11% CO2,         -

60% NOX), VITAL (-7% CO2) and national

programmes, thus CO2 can be reduced up

to 20% and NOX close to 80%, hence

enabling European manufacturers to

attain the ACARE 2020 global targets.

The project will address the particular

challenge in delivering these benefits

simultaneously: many technological

developments based on conventional

thermodynamic cycles are driven to high

temperature and pressure levels to

reduce CO2 whilst compromising NOX

emissions.

To avoid this conflict a number of

innovative core engine concepts will be

investigated and key components will be

tested and evaluated. All concepts will

be based on single annular combustor

architecture that offers the highest

potential to keep penalties on weight

and associated cost with the

introduction of lean low emission

combustion technology at acceptable

levels. On the other hand, the different

operating conditions of the various

engine sizes will require the

improvement of individual lean burn fuel

injection concepts. Starting from these

models, each partner works on the

definition of a new operating

configuration.

In addition to technical objectives,

NEWAC will lead to the deployment of the

technology by preparing the European

engine supply chain, including internal

production departments of the NEWAC

contractors, through dissemination and

training actions. NEWAC will also provide

a basis for information to be used for the

establishment of future legislation

aiming at increasing stringency in NOX

and CO2 regulations in the aerospace

sector.

Added value of an integrated
project
NEWAC conforms to the priorities defined

for an integrated project framework by

conducting multi-disciplinary research

on compressors, combustors, core

engines, intercoolers, recuperators,

ducting, materials and more generally

engine design.

The key benefit of integrating these

technologies into one project is that,

were these technologies to be developed

individually or in separate smaller

projects, they would have a very limited

benefit at engine level; however, when

focused and combined as in the NEWAC

integrated project, together they enable

new designs of core engines that will

provide significant benefits.

EnginSoft’s first year task
within NEWAC
For a decade and through its CFD team,

EnginSoft is strongly involved in

combustion activities. The team is

particularly active in research projects

funded by the EC which have a focus on

low emissions, and thus address the

environmental impact due to air traffic,

which accounts for 2% of the total

global emissions.

In the past, EnginSoft has been involved

in activities within the ANTLE, TATEF and

CLEAN programme for heat transfer and

combustion optimization applications.

Such activities were also among the first

to employ the novel developed

optimization platform modeFRONTIER for

industrial applications.

Thanks to its broad expertise in CAE

(process simulation, CFD, optimization of

design), EnginSoft is one of the 40

partners of NEWAC. The main role of

EnginSoft in NEWAC, as a subtask of the

Project, is to bring a contribution to the

design of the Ultra Low NOx AVIO Single

Annular Combustor, by means of:

• the optimization of an innovative

injection system technology called

PERM (Partially Evaporating Rapid

Mixing), applied to medium overall

pressure ratios (20 < OPR < 35): the

concept is based on swirler

technology development and is

addressed to achieve partial

evaporation and rapid mixing within

the combustor, optimizing the

location of the flame and the

stability of the lean system;

• the design of a Ultra Low NOX

combustor chamber, focusing on the

optimization of the architecture;

• the improvement of other critical
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lean combustion technologies, such

as advanced cooling systems, fuel

control systems and fuel staging

concepts.

Innovative Combustor
The combustion system is the only

contributor to NOX emissions. Lean

combustion technology operates with an

excess of air to significantly lower flame

temperatures and consequently

significantly reduce NOX formation.

Up to 70% of the total combustor

air flow has to be premixed with the

fuel before entering the reaction

zone within the combustor module.

Therefore, cooling flow has to be

reduced accordingly to provide

sufficient air for mixing. Lean

combustion comprises the lean

direct injection of fuel, premixing

with air and at least a partial pre-

vaporisation of the fuel before

initiating the combustion process. 

The optimization of homogeneous

fuel-air mixtures is the key to

achieve lower flame temperatures

and hence lower thermal NOX

formation. 

However, this homogenization has a

strongly adverse effect on

combustion lean stability, drastically

narrowing the operating and

stability range. To overcome these

stability drawbacks while

maintaining good NOX performance,

fuel staging is required: this can be

performed by internally staged

injectors in a single annular

combustor architecture creating a

pilot and a main combustion zone

downstream of a common fuel

injector.

Injection system
The first NEWAC activity carried out

by EnginSoft is the

investigation of the

aerodynamic behavior of

the PERM injection system

developed by AVIO and tested

by University of Karlsruhe.

The device consists of a co-

rotating double swirler

centripetal injector. The

injection system is illustrated

in Figure 3. The mixer is

composed by 2 swirlers

(primary and secondary) with

16 radial channels each. 

The purpose of the CFD analysis and

experimental tests on injection system is

to individuate the swirler working flow

function, hence the mass flow required

in order to reduce emissions under the

available pressurization (depending on

engine layout). Moreover, the numerical

analysis verifies that the injection

system provides good mixing and

recirculation for future flame stability.

In particular, the aim of this activity is

to point out any meaningful difference

on the injection system performance,

depending on:

• Plenums sensitivity: injection system

performance has been compared

between a large plenum simulating

experimental test rig proposed by

AVIO (Figure 4) and a small plenum

with annular blockage on the outlet

simulating engine rig condition

proposed by University of Karlsruhe

(Figure 5).

• Transient vs. steady state flow field:

velocity and pressure fields generated

from an aeronautical engine swirled

injection system have a typical non

stationary behavior, as many articles

and publications demonstrate; hence

transient studies on these models are

useful to evaluate the approximation

when the adopted simulation type is

steady-state only.

Figure 3: Injection system

Figure 4: Avio test rig

Figure 5: University of Karlsruhe test rig

Figure 6: Axial velocity – Avio test rig
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Furthermore, turbulence model

sensitivity was addressed comparing

standard K-espilon with Prandtl Number

modifications with SST formulations in

both RANS and URANS mode.

The sensitivity analyses on the pressure

plenums showed that geometrical

downstream chamber shape strongly

affect air distribution (see Figures 6-7):

the flow field in the University of

Karlsruhe model is strongly canalised

(downstream chamber diameter is only

two times  larger than the injection

system diameter), while in the Avio test

rig model, the flow develops freely in a

constant pressure much wider plenum.

The recirculation areas/volumes for flame

stabilization are completely different,

being more open in the Karlsruhe test rig

and much narrower, with a stronger axial

flow, in the Avio test rig. Moreover, the

large plenum (Avio) yields a mass flow

ratio between the primary and secondary

swirler channels of 1.12, whereas the

small one (Karlsruhe) with identical

boundary conditions yields nearly an

inverted ratio of 0.82. Hence the

mixing performance is very sensitive

to the pressure plenum geometry

and BCS.

Results of steady state analyses are

close to time averaged results of

unsteady state ones. Although a

steady state simulation does not

give any frequency information, it

can be adopted as good

approximation as it allows

significant CPU time savings and

supplies useful data to evaluate the

performance of the injection system.

Cowl
In a typical aeronautical engine, the air

coming from the compressor is

discharged into a pre-diffuser that

converts a portion of

dynamic pressure to

static pressure. Then a

diffuser receives the air

at the pre-diffuser exit

and supplies it to and

around an

aerodynamically shaped

cowl, placed ahead of the

injection system.

This cowl usually splits

the air into three parts:

one is the cowl passage to supply air to

the injection system and for dome

cooling; the others are feeding the outer

and inner annulus passages, where air is

introduced in the combustor chamber to

cool the walls through liners, break the

swirl and constrain the combustion area

through the dilution holes while the rest

exits through the bleed holes.

Different cowl geometry configurations

have been evaluated to find the best

shape in terms of obtaining good

pressurization levels for the injection

system and along inner and outer

annulus. The velocity field is also of

interest as a bad profile can raise

separation and recirculation, resulting in

a counterproductive pressure drop.

To simplify this work phase, a

preliminary 2D study has been performed

to provide a general suggestion of the

behavior of the fluid upstream the

combustor chamber.

For this purpose, it is useful to apply the

multi-objective optimization technology

modeFRONTIER by ESTECO.

This tool allows to automatically manage

a series of processes acting on input

parameters in order to achieve the

Figure 7: Axial velocity – University of Karlsruhe test rig

Figure 8: Combustor chamber sketch
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optimal solution according to imposed

constraints and objectives. In this case:

• input geometric parameters

(curvature, length, position) define

the  cowl model to be evaluated;

• parametric meshing, CFD simulations

and an automatic post-processing

procedure are the processes involved;

• the target pressurization level and air

splits on the annulus are the system’s

constraints and objectives.

The optimization algorithm is MOGA-II.

It is an efficient multi-objective genetic

algorithm (MOGA) that uses a smart

multi-search elitism. This elitism

operator is able to preserve some

excellent solutions without bringing

premature convergence to local optimal

fronts. MOGA-II requires only very few

user-provided parameters (such as a

number of generations, probability of

cross-over, selection and mutation),

while several other parameters are

internally settled in order to provide

robustness and efficiency to the

optimizer.

In Figure 9 the PIDO (Process

Integration Design Optimization) Logic

flow which integrates the parametric

ICEM scripting and CFX analysis into a

modeFRONTIER workflow, is shown.

modeFRONTIER supplies several good

candidates, such as those in Figure 10.

The last configuration represents the

best candidate, since there are no

evident separation problems relevant to

the cowl edges or injection system

(Figure 11).

The results derived from the 2D study

have been applied in a 3D investigation

on a simplified periodic sector of the

actual annular combustor (the

simplification consists of considering no

flame tube, no liners and simplified

bleed holes at the annulus end).
Figure 10: Cowl 2D study – Model evolution supplied by
modeFRONTIER

Figure 11: Cowl 2D study – Velocity field
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Several configurations have been taken

into account in order to find the best

pressurization level feeding the injection

system and the air split  through

inner/outer annulus.

Since 3D effects become fundamental,

the attention has been focused on cowl

shape refinement. Moreover, a

preliminary fuel tube has been

introduced into the model. This

obstruction deeply affects the velocity

field generating a wake in the outer

annulus.

From all the analysed configurations,

only the best one in terms of optimal

pressure and velocity fields has been

applied to complete combustor analyses

(Figure 12).

Complete combustor
The final stage of the aerodynamic study

deals with a periodic sector of the

complete combustor: flame tube, liners

and bleed holes (with downstream

plenums) are now considered (Figure

13).

Compared to conventional combustors,

with chambers now in production the

main difference is that up to 70% of the

total air flow passes through the

injection system, leaving only 30% for

the inner/outer annuls and successively

the liners, dilution and bleed holes.

Hence as the cooling and dilution air

strongly diminished, the dilution rows

are reduced to just one with no

differentiation between

primary and secondary

dilution holes.

The objective in this

stage is to reach the best

layout for dilution holes

in order to optimize the

combustion process.

Acting on holes’

diameters and positions,

it is possible to change air distribution

and dilution flow diffusion: these

aspects contribute to create a

recirculating

region that

guarantees flame

stability for

cooling.

modeFRONTIER

will be useful in

future activities

within this task to

evaluate several

diffusion holes’

arrangements to

optimize the air flow split and,

consequently, the combustion process.

Hence this future activity will have to

consider reacting flows thus increasing

the complexity of the model, and

introducing performance targets, such as

Nox, OTDF and RTDF profile constraints.

Conclusions
The NEWAC program has been an

important opportunity to develop an

innovative methodology based on

modeFRONTIER for application in the

aerospace field. With this technique, a

large number of virtual prototypes might

be evaluated and a selection of the best

designs may be made directly within the

modeFRONTIER environment, avoiding a

large number of prototype constructions

and thus allowing a significant reduction

of costs and time.

Future activities to be addressed for the

continuation of the project are: injection

system evaluation procedure, air flow

split balancing optimization, reacting

flow combustion performance for some

points of the flight envelope.

All the aerodynamic and reacting flow

results derived from this work will be

useful for future NEWAC activities

concerning the development of the

innovative Injection System based on

the PERM concept and the final

optimization of the AVIO Combustor

configuration in order to meet the

performance targets for pollutant

emissions.

For further information about the NEWAC

Project, please visit:

www.newac.eu

For any questions on this article, please

email the authors:

Ing. Lorenzo Bucchieri 

EnginSoft CFD Manager

l.bucchieri@enginsoft.it

Ing. Alessandro Marini

EnginSoft CFD Project Engineer

info@enginsoft.it

Ing. Fabio Turrini

AvioGroup Combustion Manager

Fabio.turrini@aviogroup.com

Ing. Antonio Peschiulli

AvioGroup Combustion Specialist

Antonio.Peschiulli@aviogroup.com

Figure 12: Cowl 3D study

Figure 13: Complete combustor study
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The Theory of Critical Distances: 
a Useful Tool for Failure Prediction
The prediction of fatigue, brittle fracture

and other failure mechanisms that cause

cracking is a continual problem for

designers of engineering components and

structures. But help is at hand. The Theory

of Critical Distances is a method which

can be easily interfaced to FEA and other

types of stress analysis software. It is a

simple and accurate method for

estimating the effect of stress

concentration features. 

This is the first book ever to be written

on this subject and will be of interest to

industrial design engineers as well as

researchers.

Please visit the website of the publishers

- Elsevier:  www.elsevier.com

Hardbound, 306 pages, publication date:

MAY-2007

ISBN-13: 978-0-08-044478-9

ISBN-10: 0-08-044478-4

This article is a summary of the authors’

experiences in using and developing the

method over the last ten years.

Modern computational methods such as

finite element analysis allow us to

conduct accurate stress analysis, even for

large, complex structures and

components. 

But how can we use this wealth of

information to predict, and hopefully

avoid, mechanical failure? There are many

approaches to this problem but, as yet, no

complete solution. Failure, by processes

such as fatigue and brittle fracture,

invariably starts from stress concentration

features on components, features such as

corners, holes, notches and defects. 

The Theory of Critical Distances (TCD)

offers a simple, practical option for the

analysis of stress concentration features.

It can be easily interfaced to FEA and is

capable of the necessary level of accuracy

when dealing with practical problems in

design and failure analysis.

The TCD is not a new approach; it was

suggested over fifty years ago, but

interest in the method has grown recently

now that computing power allows us to

describe stress fields in the vicinity of

stress concentration features with the

necessary resolution. The current state-of-

the-art has been described in a recent

book, the first ever to be written on this

subject, which summarises the research

conducted to date worldwide and contains

many case studies and examples taken

from the author’s own consultancy work.

Fig.1 illustrates a typical industrial

problem: the prediction of fatigue failure

in a suspension component, a project

which was carried out in collaboration

with the Fiat Research Centre. Given its

complex shape and load history, such a

component contains many stress

concentration features. The maximum

stress was found to occur at Feature 1, a

fillet with a very sharp corner radius.

Conventional fatigue analysis packages in

commercial FE software predicted failure

at this location. 

However, the TCD correctly predicted that

failure would occur at Feature 2. Why did

Figure 1: This Fiat suspension component contains many stress concentration features. The maximum stress
occurs at the sharp corner of the fillet in Feature 1, but fatigue failures actually occurred from Feature 2. This
unexpected outcome arises due to the differing stress gradients at the features. The TCD was able to correctly
predict the outcome, and to estimate the number of cycles to failure.
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this happen? The trick is to realise that

the maximum stress is not the only

important parameter; one also needs to

know the stress gradient. In features such

as the Feature 1, the stress decreases

rapidly as one moves away from the

feature, so the stressed volume is small.

Fatigue cracks form easily at such

features, but find it difficult to keep

growing as they propagate into the lower-

stress regions around them.

The TCD is a method which takes account

of both maximum stress and stress

gradient. In practice there are various

ways of doing this which we do not have

time to discuss in detail in this short

article. The first step is to determine a

parameter known as the critical distance,

L. This parameter is assumed to be

constant for the material, though in the

case of fatigue it would be expected to

vary with mean stress and the number of

cycles to failure just as other material

constants such as the fatigue limit will

vary. The value of L can be determined

either by conducting experiments on

notched specimens or by using known

relationships with other material

properties. For example in the case of

fatigue limit prediction one can use the

following equation:

Here ΔKth is the material’s crack

propagation threshold stress intensity

range and Δσo is its fatigue limit. 

The simplest methods in the TCD, which

are also the ones most suited to post-

processing FE results, are methods which

examine the elastic stress field near the

feature and use this to calculate a

characteristic stress. For example, in the

method which we call the Line Method

(LM), the characteristic stress is the

average stress calculated on a line of

length 2L drawn

from the maximum

stress location (the

‘hot spot’). Even

simpler is the Point

Method (PM), for

which the

characteristic stress

is the stress at a

single point, located

a distance L/2 from

the hot spot. Other

methods are also

available within the

TCD, some of which use averaging over

areas or volumes of material, whilst others

involve the consideration of cracks whose

lengths, or growth increments, are also a

function of L. However, we have found

that the PM and LM give very good

accuracy, as will now be illustrated for two

classic problems:

1) The effect of notch root radius. Fig.2

shows experimental data and predictions

for the fatigue strength of notches with

constant length and varying root radius.

This is typical of a lot of data of this kind

which we have analysed: the PM tends to

be slightly more accurate than the LM, but

typically both methods give errors of less

than 20%.

2) Feature size. The effect of a feature

such as a hole depends on its size

because, whilst size may not alter the

maximum stress, it will change the stress

gradient. Smaller holes are less dangerous;

this may be crucial when considering the

effect of defects such as casting porosity

or inclusions. The TCD can predict size

effects very accurately: fig.3 shows an

example: ceramic materials containing

small defects. 

This last example also illustrates the fact

that the TCD can be applied not only to

problems in fatigue but also to brittle

fracture under monotonic loads. In

principle it can be used for any situation

where failure occurs by cracking: we have

already applied it to problems in fretting

fatigue and crack propagation through

both brittle and ductile materials. 

It is applicable to all kinds of materials:

for example it is being extensively used to

assess structures made from fibre

composite laminates such as aircraft

wings and bridges.

Multiaxial loading is a subject of great

importance for industrial components,

especially as regards their fatigue

behaviour. Stress concentration features

often experience combinations of tension,

shear and torsion, both in-phase and out-

of-phase with each other. In some recent

work we showed that the TCD could be

successfully applied to predict the high-

cycle fatigue behaviour of specimens

containing notches, subjected to various

types of multiaxial loading. 

Extra complexity arises here because of

the three-dimensional nature of the

problem. To solve this, we developed a

strategy for selecting the appropriate

point or line for use with the PM and LM

respectively, allowing us to use the TCD in

conjunction with existing theories of the

critical-plane type. Further work is needed

to consider the effect of variable

amplitude loading, but in principle there

is no reason why existing methods such as

rainflow counting cannot be used in

Figure 2: A classic problem in metal fatigue: the effect of notch root radius on the
high-cycle fatigue limit. Experimental data on steel can be accurately predicted
using the Point Method (PM), or the Line Method (LM), though the latter gives a
small non-conservative error. 



As the world seeks alternative energy

sources, and strives to find lest costly

and more environmentally friendly

solutions, the value of CAE has once

again, found a welcome home.

The TechNet Alliance is a global

network of CAE experts, whose

members have already demonstrated

the potential for CAE simulation in this

emerging field.

The following part of this article

provides a sampling of some of the

work underway by members of TechNet

Alliance, and will provide a glimpse

into the future potential of CAE

simulation.

Solar Panels
Ozen Engineering, Inc. performed

simulations on the support structures

for a solar panel „farm“ to determine

the forces acting on large solar panels

under high wind conditions.

The results from these simulations were

used to determine the design of the

support structure for these solar

panels.

Computer Aided Engineering 
in the TechNet Alliance

From its commercial
introduction in the early
1970s, CAE has been used to
validate the designs of
automobiles, machinery,
nuclear power plants,
electronics, and consumer
products. 

More recently, some of the
world’s best CAE talent has
turned its attention toward
the „greener” side of design.

CFD Simulation of a solar panel

conjunction with the TCD.

Further information can be obtained from

the listed references or by contacting the

authors. We are very interested in hearing

about the experiences of others in using

the TCD and in working

together with industrial

designers to improve the

method and extend its

range of applicability.

David Taylor, Trinity

College Dublin – Ireland,

dtaylor@tcd.ie

Luca Susmel, University of

Ferrara - Italy
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Figure 3: The effect of small defects on the stress to cause brittle fracture
under monotonic loading of two ceramic materials: silicon carbide and sia-
lon. These materials are highly sensitive to defects: the TCD gives very accu-
rate predictions.
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Wind Turbines
Simulation Research investigated the

energy produced by wind power. Within

their analysis they took care of all

components in the system, the wind

turbine, the pitch control and the

electrical machine.

Hybrid Electrical Vehicles
(HEV)
• Electronics. By using products such

as ANSYS and CASPOC, Simulation

Research was able to investigate

the influence of both mechanical

and electrical components of a

vehicle. The net effect of all

simulations was the development of

a balance vehicle with proper

controls, and balance between the

combustion engine and the electric

motor.

• Electrical Drives and Actuators are

the fields of interest of Prof. Dr.-

Ing. Dieter Gerling, who is currently

holding a chair at the University of

the Federal Armed Forces Munich

and has special expertise in hybrid

electric machines, permanent

magnet machines, electric drives

and wheel-hub drives. Together

with the Institute EAA of our

Honorary Member, Professor

Gerling, CADFEM is involved in a

research project „Computer Aided

Macromodelling of

Electromecha-nical

Systems”.

• Power Pack Systems
Mindware Engineering,
Inc. has extensive

experience in utilizing

simulation technology to

optimize the thermal

management behaviour

of various power pack

systems to extend the life of the

battery cells.

• Fuel Cells. Sherpa Engineering
focuses on the system efficiency,

dynamic design, control and

diagnosis of automotive fuel cell

propulsion systems. The main topic

of Sherpa Engineering currently is

the development of a complete fuel

cell controller for the use in a

vehicle (prototype).

• Solid Oxide Fuel Cells (SOFC).
SOFC have been modeled by using

Diffpack, an object-oriented

problem-solving environment for

the numerical modeling and

solution of partial differential

equations of inuTech GmbH. The

performed simulation on SOFC,

undertaken by the Fraunhofer IKTS

Dresden, showed that stack voltage

and average Nernst potential are

not sensitive to the gas

distribution as long as the local

fuel supply is adequate.

Jet Engine Emissions 
EnginSoft S.p.A. has participated in

activities within EC-funded research

projects on low emission like the

ANTLE and CLEAN programmes for heat

transfer and combustion optimization

applications. In fact, such activities

were among the first to employ the

novel developed optimization platform

modeFRONTIER in industrial applica-

tions.

Nowadays EnginSoft is one of the

40 partners of NEWAC (New Aero

Engine Core Concept), a project

which aims at attaining the

ACARE 2020 targets.

Author and Contact
Kristin Schuhegger

CADFEM GmbH Grafing

E-Mail kschuhegger@cadfem.de

www.technet-alliance.com

Thermal Management

HEV with engine, electric motor, generator, battery and power
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Multidisciplinary design 
optimization in France
ESTECO France, recently renamed

EnginSoft France represents a team of

engineering and service experts

dedicated to the promotion, support and

training of optimization design tools in

the Western European French speaking

market. 

In 2008, EnginSoft France, in

collaboration with its partners, SIREHNA,

TASS TNO Automotive France and CETIM,

are hosting a series of Technology Days

in Paris and throughout France and

Belgium.

On March 20th, engineers of EnginSoft

France presented modeFRONTIER version

4 to local customers in the company’s

new office in Paris, Boulogne

Billancourt. The full day program covered

the main new features of the latest

release, such as Self Organizing Maps

(SOM) which allow the user to analyze

and organize data sets by highlighting

the most important relationships

between inputs and outputs. A detailed

optimization example was presented to

the attendees, as well as the new

graphical interface, the optimization

wizard, new algorithms and many more

features available in modeFRONTIER v4.

28th March saw a Seminar dedicated to

Passenger Safety and using

modeFRONTIER for Madymo,

the world’s leading design and

crash simulation software.

Hosted by TASS TNO

Automotive France and

EnginSoft France, the seminar

provided insights into

Multidisciplinary Design

Optimization with both

technologies. 

To hear more about the next

planned events in France and

Belgium, please contact:

EnginSoft France 

Jocelyn Lanusse

j.lanusse@enginsoft.fr 

www.modefrontier.fr

Results of robust design optimization with chaos collocation method

March 2008 - modeFRONTIER v4 advertisement for France.

modeFRONTIER COMMUNITY
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Advanced optimization studies at
Istanbul Technical University
Since 2006, the Faculty of Aeronautics

and Astronautics of Istanbul Technical

University has applied modeFRONTIER

in graduate level optimization classes,

student projects and theses under the

supervision of Assistant Professor Dr.

Melike Nikbay. In spring 2007, and in

this context, a modeFRONTIER seminar

was organized and attended by 50

master and PhD students at the

University.

The Faculty of Aeronautics and

Astronautics has a great teaching and

research potential with its advanced

laboratories as Tri-sonic Research,

Composites and Structures, Controls and

Avionics, Computational Engineering,

MDO, Space Systems Design and Test,

Parallel Computation, Virtual Reality

and Atmospheric Sciences.

The Faculty’s current MDO research and

teaching areas include, but are not

limited to: Aeroelasticity and

Aeroelastic Optimization, Structural

Design and Optimization, CFD Based

Design Optimization, Fluid-Structure

Interaction Instabilities, Airplane

Maintenance Optimization, Gradient-

Based Numerical Optimization

Algorithms, Reliability Based Design

Optimization. Recently and

again under the direction of

Assistant Professor Dr. Melike

Nikbay, the graduate students of

MDO lab also invested great

efforts in the successful

coupling of modeFRONTIER with

various engineering tools, such

as: CATIA, Abaqus, FLUENT,

Gambit and MPCCI for multi-

disiplinary analysis. TUBITAK (The

Scientific and Technological Research

Council of Turkey) supports Prof.

Nikbay‘s multidisciplinary aerospace

research under the National Young

Researcher Career Development Program

of Turkey. 

The advanced optimization studies of

the Faculty and MDO lab which involve

modeFRONTIER are strongly supported

by ESTECO srl, the program developers,

and FIGES A.S., EnginSoft’s and

ESTECO’s much valued partner in Turkey.

All parties involved are pleased with

the collaboration in place and the

results of the Faculty’s research work

achieved so far. The use of

modeFRONTIER by Prof. Dr. Melike

Nikbay, her team and students, is now

documented in three papers which will

be presented at two international

conferences, and at an

important event in

Turkey this year: 

I) Melike

Nikbay, Arda

Yanangonul, Levent

Oncu, “Structural

Optimization of an

Aircraft Wing with

Multi-objective Genetic

Algorithms”, HASEM’08

Kayseri VII. Aerospace

Symposium, 15-16 May 2008,

Kayseri, Turkey.

II) Melike Nikbay, Levent Oncu, Arda

Yanangonul, “Multi-Objective and

Gradient Based Structural Design

Optimization of an Aircraft Wing”,

ASMDO Second International

Conference on Multidisciplinary

Design Optimization and

Applications, 2-5 September 2008,

Gijon, Spain.

III) Melike Nikbay, Levent Oncu,

Ahmet Aysan, “ A Multi-disciplinary

Code Coupling Approach for Parallel

Analysis and Optimization of

Aeroelastic Systems”, 12th

AIAA/ISSMO Multidisciplinary

Analysis and Optimization

Conference, 10-12 Sep 2008,

Victoria, British Columbia, Canada.

For more information, please contact:

Prof.Dr. Melike Nikbay, 

nikbay@itu.edu.tr

Istanbul Technical University, Faculty of

Aeronautics and Astronautics

www.figes.com.tr

FIGES A.S. is EnginSoft’s and ESTECO’s

partner for modeFRONTIER in Turkey
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OZEN Engineering hosts Seminar in
multi-objective design optimization in
Silicon Valley
Since summer 2007, OZEN Engineering

Inc. is EnginSoft’s partner of choice for

the promotion and distribution of

modeFRONTIER in California. 

Based in Sunnyvale, OZEN Engineering is

a leader in the Silicon Valley and San

Francisco Bay area in simulation

technologies and finite element

analysis. The OZEN team present a broad

range of expertise in MEMS, Fracture

Mechanics and Fatigue, Ball Grid Arrays

(BGA’s), Heat Transfer, Dynamics and CFD

as well as Biomedical Analysis. 

In recent years, OZEN Engineering Inc.

has built core competences in the fields

of Multi-objective Design Optimization,

Robust Design, Design for Six Sigma

(DFSS) and Process Integration (PI),

technologies that leading scientists

today regard as indispensable for the

successful application of CAE simulation

in the future.

On 26th & 27th February 2008, OZEN

hosted a 2-day Seminar in Multi-

objective Design Optimization of BGA

Ball Grid Arrays, Packages for Reliability,

in Sunnyvale, Silicon Valley, Northern

California.

The Seminar attracted an audience of 35

participants that reflected the diversity

of multi-objective design optimization,

with a large number of representatives

from the IT and semiconductor

industries, e.g. Cisco Systems, Intel, SUN

Microsystems. The academia of Silicon

Valley was represented by several

delegates from San Jose State

University, the Mechanical and

Aerospace Engineering Department, and

the Director of the Electronics and

Packaging Laboratory with two of his

students.

One of the main objectives of the

Seminar was to present an ongoing

study about the multi-objective design

optimization of BGA packages. The study

puts particular emphasis on determining

the critical input variables that a BGA

designer may consider to improve the

performance of his design with respect

to reliability. In this context, the agenda

of day 1 included topics, such as:

▪ 2D vs 3D approaches

▪ Modeling: ANSYS Classic vs

Workbench 

▪ Identification of geometric and

material properties input variables

▪ Definition of output variables and

objectives 

▪ Set-up of the finite element models

in ANSYS Classic and Workbench

▪ Set-up of the optimization problem

in modeFRONTIER: the workflow

▪ Preliminary DOE analyses for

identification of the most important

OZEN Engineering Inc. office in Sunnyvale, Silicon Valley

26th & 27th February - Seminar participants from industry and academia

EDUCATION
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critical input variables

▪ Optimization with MOGA II for all

analyses

▪ Generating Response Surfaces:

comparisons of different response

surfaces 

▪ Determination of the optimal design:

Pareto frontier

▪ Validation of the virtual design by

means of real analyses 

▪ 3D Model + underfill: 400 feasible

designs resulting from MOGA II

optimization; Pareto frontier and real

optimum

Among the conclusions drawn, we

should say that 2D approaches can be

employed for preliminary optimization,

whereas refined optimization requires 3D

approaches. Also, material thermal

properties, in particular CTE, play an

important role in the optimization of

BGAs. Ball pitch is the critical geometric

parameter, directly correlated to both

objectives. The impact of underfill

presence is extremely significant as far

as the main objective is concerned.

Further investigations and studies are

needed to complete the study.

Day 2 saw an introduction to

modeFRONTIER presented by Nader

Fateh, VP of ESTECO North America Inc.

on behalf of the product developers and

producers, ESTECO srl Trieste. Nader’s

introduction was followed and

completed by a full class which provided

the attendees with the knowledge

needed in fundamental and advanced

optimization technologies, in order to

use modeFRONTIER effectively in their

daily working environment. 

The seminar concluded with a hands-on

integration of ANSYS products and

modeFRONTIER as well as modeling of

BGAs, demonstrating assumptions and

various modeling techniques. 

The seminar and related discussions

generated extensive interest among the

attendees. Areas of particular interest

were, for example, the interfacing of

modeFRONTIER with other CAE/CAD

/FEA/CFD tools, response surface

generation in modeFRONTIER, the

modeFRONTIER University Program to

support the academia, or the use of the

program to interpret experiments and

experimental data.

Given the strong response to its

invitation and the extremely positive

feedback from the attendees during and

after the training, OZEN Engineering Inc.

is determined to further explore the

market for optimization techniques in

California. We also look forward to

hosting the next seminars in the months

ahead, in collaboration with ESTECO

North America and EnginSoft S.p.A. 

For further information, please contact:

OZEN Engineering Inc.

Alberto Bassanese,

Alberto.Bassanese@ozeninc.com 

www.ozeninc.com  
modeFRONTIER post-processing

EDUCATION
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modeFRONTIER at SAE 2008 World
Congress. The Premier Automotive 
Technology Event

The SAE World Congress 2008, the

biggest event in automotive engineering

worldwide, saw several papers that

directly referenced modeFRONTIER.

Already when searching the Congress

website http://www.sae.org/congress in

advance, the number of contributions

that involved modeFRONTIER reflected

on the importance of the technology as

one of the major optimization and

process integration tools in automotive

engineering.

The following four summaries should

provide an initial insight into the topics

and applications with which ESTECO was

directly involved in or which were

personally presented by the ESTECO team

in Detroit during SAE.

In addition to these papers, and while

visiting the technical Congress Sessions,

everybody at ESTECO was pleased to

learn about the results obtained by

modeFRONTIER users when listening to

their presentations highlighting the use

of the software in various applications.

Paper Number 2008-01-0874

Self Organizing Maps (SOM)
for Design Selection in Multi-
Objective Optimization using
modeFRONTIER
Sumeet Parashar, Nader Fateh

ESTECO North America Inc., Livonia, MI

Valentino Pediroda, Carlo Poloni

University of Trieste, Trieste, Italy

Copyright © 2007 SAE International

ABSTRACT
Self Organizing Maps (SOM) have evolved

as a very useful visualization and data

analysis tool for high dimensional data.

Visualization and analysis of Pareto data

for multi-objective optimization

problems with more than three

objectives is also a challenge. This paper

investigates the application of SOM for

visualization and design selection for

multi-objective Pareto data. 

The SOM is applied to investigate the

spread of Pareto front as well as to

investigate trade-offs between

objectives.

The visualization and selection strategy

is applied to mathematical test problems

to explain the concept. Later, it is also

applied to real world automotive design

problems of engine optimization.

Paper Number 2008-01-1429

Efficient Stochastic
Optimization using Chaos
Collocation. Method with
modeFRONTIER
Valentino Pediroda, Lucia Parussini, Carlo

Poloni - University of Trieste, Italy

Sumeet Parashar, Nader Fateh

ESTECO North America Inc, Livonia, MI

Mauro Poian - ESTECO srl, Trieste, Italy

Copyright © 2007 SAE International

ABSTRACT
Robust Design Optimization (RDO) using

traditional approaches, such as Monte

Carlo (MC) sampling requires tremendous

computational expense.

Performing a RDO for problems involving

time consuming CAE analysis may not

even be possible within time constraints.Component maps for engine design test problem

14-17 April ● Cobo Center ●
Detroit, Michigan, USA
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In this paper, a new stochastic modeling

technique based on a chaos collocation

method is used to measure the mean and

standard deviation ( ) for uncertain

output parameters. For a given accuracy,

the chaos collocation method requires

far less sample evaluations compared to

MC.

The efficient evaluation of mean and std.

deviation terms using a chaos

collocation method makes it quite

attractive to be used with RDO methods.

In this work, the RDO of an automotive

engine design is performed employing a

chaos collocation method. The solution

strategy is implemented into the

commercial Process Integration and

Design Optimization (PIDO) software

tool modeFRONTIER. modeFRONTIER

provides a very effective environment to

apply multi-objective optimization

algorithms to various CAE or in-house

analyses and simulation tools. The

engine design simulations were

performed using GT-Power through

modeFRONTIER. The chaos collocation

method is coded in MATLAB scripts that

are also invoked through modeFRONTIER. 

The rest of the paper covers an

introduction describing the motivation

and challenges. The chaos collocation

method is described followed by a

description of its application through

modeFRONTIER. The engine design

optimization problem is explained

followed by a discussion of the RDO

results.

Paper Number 2008-01-0871 

Game Theory Approach to
Engine Performance
Optimization 
Nader Fateh, Sumeet Parashar 

ESTECO North America Inc., Livonia, MI 

John Silvestri 

Gamma Technologies Inc., Westmont, IL

Copyright © 2007 SAE International

ABSTRACT 
Genetic Algorithms have proved to be

very useful as global search methods for

multi-dimensional optimization

problems. One drawback, however, is

that they are inefficient from the point

of view of the number of function

evaluations. This paper presents a two

phase approach to optimization using

Game Theory in an initial step which

provides a family of designs that are

close to the Pareto frontier. The starting

population for the genetic algorithm is

then selected from the non-dominated

designs produced in the first phase. This

ensures that the genetic algorithm starts

with a population of points which are

already optimized to a large degree. 

Paper Number 2008-01-0886

Multi-objective Optimization
of a Charge Air Cooler using
modeFRONTIER
Phil Stephenson, Yang Chen

BEHR America Inc., Troy, MI

Nader Fateh, Sumeet Parashar

ESTECO North America Inc., Livonia, MI

Mauro Poian - ESTECO srl, Trieste, Italy

Copyright © 2007 SAE International

ABSTRACT
In order for an automotive charge air

cooler (CAC) to function efficiently, the

flow of air through the cross tubes

should be as uniform as possible. The

position of the inlet and outlet, as well

as the shape of the header tanks, are

generally the most important

determinants of the flow uniformity, and

therefore of the cooling performance of

the system. In an attempt to achieve

this goal of flow uniformity, however, the

effect on pressure loss in the system

must also be considered. Further, the

cost of the CAC tanks, which is directly

related to the amount of material, should

be minimized. 

Finally, the physical space in which the

CAC can be located is limited by other

underhood components and vehicle

styling features. This presents an

optimization problem with four

conflicting objectives: 

• to reduce the pressure loss in the

system, 

• to increase the uniformity of flow in

the tubes, 

• to minimize the tank material and 

• to conform to the package volume. 

In this work, CATIA v5 was used to

define the package volume to which the

optimized CAC must conform. Also, a

commercial CFD tool was used to create

the geometry and mesh, and to run the

analysis; modeFRONTIER was used as the

multi-objective optimization tool to

automatically drive the process of

Results of robust design optimization with chaos collocation method
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modifying the parameters controlling the

shape of the tanks, and position of the

inlet and outlet, in order to achieve the

above objectives.

If you are interested in one or more of

the above topics, please contact:

ESTECO srl Headquarters at:

sales@esteco.com

List of Papers presented at
SAE2008 Technical Sessions
containing modeFRONTIER
as a keyword:
1. 2008-01-1429: Efficient Stochastic

Optimization Using Chaos Collocation

Method with modeFRONTIER

04/14/2008. Author(s): Valention

Pediroda, Sumeet S. Parashar, Carlo

Poloni, Mauro Poian, Nader Fateh,

Lucia Parussini

2. 2008-01-0886: Multi-Objective

Optimization of a Charge Air Cooler

using modeFRONTIER and

Computational Fluid Dynamics

04/14/2008 Author(s): Philip W.

Stephenson

3. 2008-01-0713: Multiple Regression

Analysis of OSC Characteristics Under

Transient TWC Conditions

04/14/2008. Paper Author(s):

Takashi Yamada, Makoto Nagata,

Hiroki Ashizawa

4. 2008-01-0219: Multi-Objective and

Robust Design Optimization

Techniques applied to Engine

Component Design 04/14/2008.

Author(s): Walter Zottin, Rodrigo

Silva, Marcus Reis, Ana Cuco

5. 2008-01-0874: Self Organizing Maps

(SOM) for Design Selection in Multi-

Disciplinary Multi-Objective

Optimization 04/14/2008.

Author(s): Sumeet S. Parashar

6. 2008-01-1356: A Parametric

Optimization Study of a Hydraulic

Valve Actuation System

04/14/2008. Author(s): Francesco

Mariani, Michele Battistoni, Luigi

Foschini, Marcello Cristiani

7. 2008-01-0949: Assessment of

Optimization Methodologies to Study

the Effects of Bowl Geometry, Spray

Targeting and Swirl Ratio for a Heavy-

Duty Diesel Engine Operated at

High-load 04/14/2008.

Author(s): Yu Shi, Rolf Reitz

8. 2008-01-0832: Integrated

Development and Validation of HVAC

Modules Using a Combined

Simulation and Testing Approach

04/14/2008. Author(s): Yang Chen

ESTECO Frankfurt
Francesco Linares appointed 
Technical Manager 
Since the beginning of the year 2008, Francesco Linares

who holds a Master of Science in Engineering und a

Master in CFD Computational Fluid Dynamics, is the

Technical Manager of ESTECO Frankfurt.

With the objective to support ESTECO GmbH and modeFRONTIER in Germany,

Austria and Switzerland and to advance his professional career, Francesco Linares

has transferred his residence from Padova, Italy to Frankfurt am Main a few

months ago. 

Prior to joining ESTECO Frankfurt, Francesco has been with EnginSoft S.p.A., the

ANSYS Reseller and leading CAE service provider in Italy.

Francesco has extensive experience in the fields of simulation and optimization.

In recent years, he has significantly contributed to the success of various projects

and developments in these and other areas. 

Francesco’s focus has always been modeFRONTIER and to support companies in

the application of the software thus achieving savings in time, money and

resources by using state-of-the-art technologies for process integration and

optimization. 

Francesco has supported ESTECO Frankfurt and its customers with his strong

commitment and expertise since January. During this relatively short time,

Francesco was able to contribute significantly to the success of various product

presentations and to the efficiency of modeFRONTIER technical support.

With Francesco’s precious input and technical background, ESTECO GmbH

succeeded in acquiring Sulzer Pumps in Switzerland as a customer and in starting

a project of larger scale with ABB Switzerland. For more and up-to-date

information about ESTECO GmbH, please visit our website http://www.esteco.de

and learn about:

• modeFRONTIER in Germany, Austria and Switzerland and related product new

• Application examples and case studies which can be viewed and/or

downloaded

• Events where modeFRONTIER and our experts will be present

• Free Workshops and how to register online 

• The company’s history, background and our team 

ESTECO GmbH Frankfurt 
Sybille Arthen – arthen@esteco.de 

Andrea Hauschopp – hauschopp@esteco.de

EVENTS
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EnginSoft and TCN Consortium sponsor 
NAFEMS by offering Courses on Computational 
Technologies at discounted fees
At its recent General Assembly Meeting, the

NAFEMS Italy Steering Committee, EnginSoft

and TCN agreed that Members of NAFEMS will

receive a discount on the wide range of

Courses on Computational Technologies

offered by TCN and EnginSoft. Thus, an

initiative that was very well accepted by the

NAFEMS Community and highly successful in

past years, was re-launched in February

2008

Already in 1998, EnginSoft in its role as a

founder member of TCN and NAFEMS Italy,

encouraged the NAFEMS Community to

benefit from TCN Training by offering the

program modules at discounted fees to the

Members of NAFEMS. This initiative soon

became a success in Italy and today reaches

Members all over Europe, bringing together

specialists, users and anyone interested in

engineering analysis and simulation.

EnginSoft is a consulting company operating

in the field of Computer-Aided-Engineering

(CAE), virtual prototyping, process

simulation and, more generally, scientific IT

targeted to the optimization of design and

production processes.

Founded in 1984, EnginSoft today has over

80 employees and 5 bases in Italy. We

support partner offices in various parts of

Europe and North America and promote the

European modeFRONTIER™ Network whose

primary goal is to help customers and

prospects to broaden their knowledge in the

modeFRONTIER™ Technology. 

EnginSoft maintains numerous partnerships

with both companies and universities on a

European level and is currently involved in

and supports nine EU Research Projects:

NADIA, AutoSim, ESoCAET, EUA4X, IDEAL,

FENET, METRO, NUFRIC, ReadOut.

EnginSoft’s mission is to spread the culture

of digital technologies to both production

and research fields. We pursue this challenge

by offering engineering consultancy

services, a range of world-class CAE

software, dedicated training courses and by

promoting conferences, collaborations with

research institutes, and publishing activity. 

www.enginsoft.net

EnginSoft and TCN offer specific courses

dedicated to MDO (Multi-Disciplinary

Optimization) and PIDO (Process Integration

and Multi-Objective Design Optimization).

These courses encompass the groups’

expertise in these areas and specifically in

modeFRONTIER™, the multi-objective

optimization and design environment

software. Developed and produced by

ESTECO srl, modeFRONTIER™ is a state-of-

the-art PIDO tool, written to allow easy

coupling to almost any computer-aided-

engineering (CAE) tool.

www.modefrontier.com

Founded in 2001, TCN Consortium is a Centre

for Higher Training in Computational

Technologies. Its main objective is to

promote training activities related to:

• CAE (Computer Aided Engineering)

• Virtual prototyping and testing

• Numerical simulations

• iDP (Intelligent Digital Prototyping)

and linked disciplines dedicated to

statistics, data structure, Information

Technology and software engineering in

general.

Conducted in English language and mostly

held in Italy, TCN Courses aim at enabling

engineers in industry and academia to use

software technologies in the context of

current requirements in production and

development. TCN’s training offer comprises

a series of short courses on numerous

subjects, such as:

• Acoustics 

• CFD

• Composite materials

• Computer science 

• Electromagnetism

• FEM 

• Material science and structural integrity

• Microsystems

• Multi-body systems

• Numerical Calculations

• Statistics and other decision-making

tools

• and more

In addition, the TCN Consortium approaches

the international learning community with

a knowledge network that includes as well: 

• Masters particularly focused on the

application of current software

technologies for numerical simulation

• Minimasters in Mechatronics

• Fellowships offered to young researchers

in the frame of EUA4X – the European

Atelier for Engineering and

Computational Science

• Distance learning, organization and

standardization of didactic material

• Web-based courses, such as METRO

(MEtallurgic TRaining On-line)

• Tailor-made training activities for

industry

• Initiatives linked to further EU-funded

projects, such as ESoCAET (European

School of Computer Aided Engineering

Technology) and ILTOF (Innovative

Learning and Training On Fracture)

For more information and details on TCN

Consortium training, please visit:

http://www.consorziotcn.it/eng/

and contact:

TCN Consortium Secretary's Office

Mirella Prestini - info@consorziotcn.it

EnginSoft Marketing Europe

Barbara Leichtenstern

info@enginsoft.it
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modeFRONTIER Event Calendar
Germany 
09-13 June - ASME Turbo Expo 2008. ESTREL Hotel Berlin and

Convention Center, Berlin. Come and visit the EnginSoft booth

#918! 

10 June: 15.00-15.45 modeFRONTIER Stage Presentation in the

exhibition grounds: Aero-Engine components design - CFD

optimization via modeFRONTIER, L. Bucchieri, EnginSoft

www.turboexpo.org

UK
5-6 June - ANSYS European Built Environment CAE Conference

EBECC - London. SWS Engineering and EnginSoft presenting:

The Brenner Pass Tunnel, the design of Europe’s longest railway

tunnel. http://www.ansys.com/events/ebecc/index.htm

10-11 June - NAFEMS UK Conference 2008 

Paramount Cheltenham Park Hotel, Cheltenham, East Midlands.

Meet us at the ICON booth! Luca Fuligno, EnginSoft, presenting:

Integrating simulation tools during the design process: A good

way to head towards true multi-disciplinary optimization:

http://www.nafems.org/events/nafems/2008/UK/

Ireland
19-20 June - modeFRONTIER Training Course for Academic

Specialists. Trinity College Dublin. For more information please

contact Dr. Cristina Ancona (c.ancona@enginsoft.it).

France and Belgium 
EnginSoft France 2008 Journées porte ouverte. Dans nos locaux

à Paris et dans d’autres villes de France et de Belgique, en

collaboration avec nos partenaires, TASS TNO Automotive

France et CETIM. 

Veuillez contacter Jocelyn Lanusse, j.lanusse@enginsoft.fr,

pour plus d'information, http://www.modefrontier.fr/

21-22 October- modeFRONTIER Training Course for Academic

Specialists. Von Karman Institute - Rhode Saint Genèse

(Belgium). For more information please contact Dr. Cristina

Ancona (c.ancona@enginsoft.it). 

Italy
5-6 June - modeFRONTIER Training Course for Academic

Specialists. ESTECO srl Headquarters, Trieste 

Please note: These Courses are for Academic users only. The

Courses provide Academic Specialists with the fastest route to

being fully proficient and productive in the use of

modeFRONTIER for their research activities. The courses

combine modeFRONTIER Fundamentals and Advanced

Optimization Techniques. For more information, please contact

Dr. Cristina Ancona at c.ancona@enginsoft.it

30 June-4 July – ECOMMAS 2008, 5th European Congress on

Computational Methods in Applied Sciences and Engineering 

Presentations by ESTECO srl:

▪ Radial Basis Functions Performance on Large Scale

Problems. By Enrico Rigoni and Alberto Lovison

▪ Bounding the Archive Size in Multi-objective Optimization.

By Danilo Di Stefano and Silvia Poles

▪ A genetic algorithm approach for the detection of corrosion

in large-scale structures. By G. Deolmi, F. Marcuzzi, Silvia

Poles and S. Marinetti

▪ modeFRONTIER framework and its uncertainty capabilities

in Aeronautics. By Carlo Poloni 

http://www.iacm-eccomascongress2008.org

14-15 October - modeFRONTIER International Users' Meeting

2008. Stazione Marittima, Trieste. Stay tuned to

www.esteco.com for more information to appear soon. 

Extend your stay and move on to nearby Venice for:

16-17 October - TCN CAE 2008 International Conference on

Simulation Based Engineering Hotel Laguna Palace di Mestre,

Venice. TCN CAE 2008 provides the international forum for

researchers, scientists, engineers, managers dedicated to the

fields of applied computational science and engineering. TCN

EVENTS
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CAE 2008 promotes scientific knowledge and its incorporation

into simulation-based engineering through computer

simulation. 

Be part of TCN CAE 2008, submit your abstract today and/or

check out opportunities for exhibitors: 

http://tcncae08.consorziotcn.it

On the same days, and at the same venue, visit the:

EnginSoft Conference 2008

The largest CAE event in Italy, will host the Italian

modeFRONTIER Users’ Meeting, with large accompanying

exhibition featuring latest software and hardware products and

vendors from around the world.

http://meeting2008.enginsoft.it/

22-23 September - modeFRONTIER Training Course for

Academic Specialists. Politecnico di Milano. For more

information please contact Dr. Cristina Ancona

(c.ancona@enginsoft.it). 

24-25 November - modeFRONTIER Training Course for Academic

Specialists. ESTECO srl Headquarters, Trieste. For more

information please contact Dr. Cristina Ancona

(c.ancona@enginsoft.it). 

USA
14-17 April - SAE 2008 World Congress. Cobo Center, Detroit,

Michigan. ESTECO & ESTECO North America and modeFRONTIER

users presenting various applications, e.g. 

• Self Organizing Maps (SOM) for Design Selection in Multi-

objective Optimization using modeFRONTIER

• Efficient Stochastic Optimization using Chaos Collocation

Method with modeFRONTIER

• Game Theory Approach to Engine Performance Optimization 

• Multi-objective Optimization of a Charge Air Cooler using

modeFRONTIER

Please contact Nader Fateh, nader.fateh@esteco.com, for more

information. http://www.sae.org/congress

20-22 May - iMUG08 Moldflow Conference

Meet our experts at the booth of ESTECO North America!

Luca Fuligno, EnginSoft, presenting on: Optimizing an

automotive component warpage acting on its ain shape and

process parameters – see Conference Program!

www.moldflow.com/imug08

Greece
08 May - 2nd PhilonNet Conference. Athens. PhilonNet

presenting CAE Technologies in Greece. The Conference

Program will span topics related to the application of ANSYS,

LS-DYNA, Moldflow and modeFRONTIER.

http://www.philonnet.gr

Turkey
15-16 May - HASEM’08 Kayseri VII. Aerospace Symposium

Kayseri. Presentation: Structural Optimization of an Aircraft

Wing with Multi-objective Genetic Algorithms

by Melike Nikbay, Arda Yanangonul, Levent Oncu, 

Istanbul Technical University, Faculty of Aerospace and

Astronautics. For more information, please contact Melike

Nikbay, nikbay@itu.edu.tr 

Spain
2-5 September - Second International Conference on

Multidisciplinary Design Optimization and Applications Gijon.

Visit us at the booth of APERIO Engineering Technology!

Presentations:

• Application of Game Strategy in Multi-Objective Robust

Design Optimization: Applications to Aerodynamic,

Structural and System Simulations. By Carlo Poloni -

Università di Trieste, Dipartimento di Ingegneria Meccanica,

Paolo Geremia - ESTECO srl, Trieste, Luca Fuligno -

EnginSoft SpA, Trento

• Multi-Objective and Gradient Based Structural Design

Optimization of an Aircraft Wing. By Melike Nikbay, Levent

Oncu, Arda Yanangonul, Istanbul Technical University,

Faculty of Aerospace and Astronautics 

www.asmdo.com/conference2008

Canada
10-12 Sep 2008 - 12th AIAA/ISSMO Multidisciplinary Analysis

and Optimization Conference. Fairmont Empress Hotel and

Victoria Conference Centre, Victoria, British Columbia

Presentation: A Multi-disciplinary Code Coupling Approach for

Parallel Analysis and Optimization of Aeroelastic Systems by

Melike Nikbay, Levent Oncu, Ahmet Aysan

Istanbul Technical University, Faculty of Aerospace and

Astronautics. www.aiaa.org/events/mao/

For more information:

info@modefrontier.eu

EVENTS
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The modeFRONTIER University 
Program 
We believe that the future of optimization

tools begins in academia, where research

continues to expand our understanding of

numerical methods, physical models, and

computing technology.

The modeFRONTIER University Program is

a joint initiative of EnginSoft and ESTECO

which aims at fostering strong ties with

universities and working in close

collaboration with research institutes

and academic organizations. 

Through the modeFRONTIER University

Program, we support education with

specific initiatives to facilitate teaching

and research related activities on

campuses across the world.

Training courses for
academic specialists
Since November 2007, regular free

training courses specifically dedicated to

the academic community are being

hosted by EnginSoft and ESTECO in Italy,

and very soon also at other European

locations that are easy accessible. 

modeFRONTIER at the
Vehicle Safety Institute
The following testimonial and picture of

a workflow has been provided by

courtesy of Gregor Gstrein, of the Vehicle

Safety Institute (VSI) of Technical

University of Graz, Austria, who attended

our recent training course in Bergamo.

Application of modeFRONTIER in the

development of restraint systems:

The Vehicle Safety Institute (VSI) was

founded in 2002 as a working group of

the mechanics department. In the year

2006, it moved into a totally new

building with a generously spaced, fully

equipped test-lab. For different

demands, there now exists the possibility

to perform component-tests or even full

scale crash-tests. 

About 20 employees are working in

different research fields:

• Accident research

• Active and passive safety

• Safety of roadside infrastructure

• Biomechanics

One PhD-project at the VSI addresses the

development of restraint systems in

passenger cars. It consists mainly in

simulation-work combined with evalua-

tion tests at the end of the project. The

large number of input parameters in this

topic causes numerous possible

solutions. For a single-minded, fast

development it is necessary to apply

optimization tools or at least an

automated simulation, such as

modeFRONTIER. The meaningful degree

of automation depends a lot on the

knowledge of the technical problem and

the purpose of the research. So, for the

first step it seems to be reasonable to

apply a DOE over the whole area of

variation. Afterwards, when we know

better how specific output-parameters

behave against the input-parameters, it

is possible to narrow down the area

where to search for a good solution.

Following these ideas, the number of

simulations is minimized as well as the

risk for getting senseless solutions.

Contact
Gregor Gstrein

gregor.gstrein@tugraz.at

Graz University of Technology, 

Vehicle Safety Institute - VSI

Inffeldgasse 11/II, A-8010 Graz

www.vsi.tugraz.at

The training courses for academic

specialists provide users with the fastest

route to being fully proficient and

productive in the use of modeFRONTIER

for their research activities. The courses

combine modeFRONTIER Fundamentals

and Advanced Optimization Techniques.

January 2008 - Course participants at ESTECO Head-
quarters in Trieste.. More than 100 professors, resear-
chers and PhDs from all over Europe are currently
testing modeFRONTIER on their own research applica-
tions after attending dedicated training courses.

ACADEMIA & RESEARCH

Workflow simulations with modeFRONTIER at the Vehi-
cle Safety Institute – VSI
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Conducted in English language and with

no prerequisites required, the training

courses aim to reach a European

academic and research audience with

various technical backgrounds. 

The following testimonial has been

kindly provided by Professor Piero Pelloni

and Professor Gian Marco Bianchi of

DIEM, the Department of Mechanical

Engineering of University of Bologna.

Multi-objective optimization
enters the DIEM research
group
The use of modeFRONTIER at the

Department of Mechanical Engineering

(DIEM) of University of Bologna is

becoming mandatory in the new scenario

of simulation and design. A research

group, lead by Professor Pelloni and

coordinated by Professor Bianchi, is

involved in the development and

application of methodologies for the

simulation of internal combustion

engines and fluid-power components and

systems. A permanent staff of four

people, together with seven engineers,

works on advanced CFD projects (LES,

Multi-phase flow, etc.) and know-how

transfer to companies, such as Piaggio &

C., Moto GP and F1 teams, among others.

DIEM is faced with new challenges in

design and modelling which require to

conceive and use tools able to predict

component and system behaviour when

few data are available, i.e.“Modelling the

unknown”. The approach to

modeFRONTIER through a basic training

course has allowed the concept of multi-

objective optimization to enter the DIEM

research group. The two days training

class provided effective information on

the modeFRONTIER tools and their

applications, thus shortening the start-

up phase. After the training class, a test

case focused on a black-box injector

model was chosen as first application.

DIEM developed an hydraulic simple

injector model for high pressure

injection systems (C.R. and GDI) using

the AMESim code. Injector design

specifications, unavoidable to reproduce

the injector’s hydraulic behaviour, are

rarely (or costly) available to end users,

such as engine manufacturers and

research centres. The application of a

coupled simulation using

modeFRONTIER-AMESim has been

revealed to be successful for this goal.

After a short training (optimization), the

black-box injector model can reproduce

the behaviour of a generic multi-hole

injector without needing information

about its design and manufacturing. Very

few experimental points have been

demonstrated to be necessary to make

the model capable to reproduce the

actual injector over the whole range of

operating conditions within a given

accuracy. 

This is only a first and simple example of

the benefits achieved by using

optimization strategy with the

perspective to extend the application of

modeFRONTIER to other projects

currently performed at DIEM.

Contacts
Prof. Piero Pelloni

Prof. Gian Marco Bianchi

gianmarco.bianchi@mail.ing.unibo.it

DIEM - Università di Bologna

http://diem1.ing.unibo.it/personale/

pelloni

http://diem1.ing.unibo.it/personale/

bianchi

http://diem1.ing.unibo.it/

cfd-solutions

Regular training courses will be held in

2008, at alternating locations in Europe.

If you are interested in attending or

hosting trainings, please contact us to

hear about the next planned dates and

venues for academic training.

Additional features
The modeFRONTIER University Program

comprises as well a complete offer for

PHD License, Consultancy License and

Technical Support. Additionally, our

proposal includes:

For Teachers and Researchers
• Visibility of academic research

activities to the scientific community

through the publication of papers in

international magazines and on web

pages as well as participation at

conferences and annual users’

meetings

• Through the TCN consortium and the

e-learning portal, professors and

researchers can teach their courses to

an audience of professional and edit

their works www.consorziotcn.it 

www.improve.it

Partnerships
• Partnership in European co-funded

projects

• Sponsorship and attendance at your

scientific conferences

• Organization of academic seminars

on optimization

For Students

• modeFRONTIER training courses for

students and funding of thesis

projects

Contacts
For more information please contact:

Dr. Cristina Ancona

modeFRONTIER University Program,

Team Leader

info@enginsoft.it

modeFRONTIER-AMESim coupled simulation for trai-
ning the hydraulic simple injector model for high pres-
sure injection systems developed by DIEM

ACADEMIA & RESEARCH




