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As we approach the 33rd International CAE Conference, the
Palladian beauty of Vicenza awaits: this striking architecture was
inspired by Andrea Palladio (1508-1580) and can be recognized
by its formal style, based on the classical temple architecture of the
Ancient Greeks and Romans. Palladio employed mathematics to
derive symmetry and perspective for the design and construction
of his elegant buildings. This was a radical development as
beauty was being derived from formula as well traditional function
and form. Palladio’s methods are documented in I quattro libri
dell’architettura (The four books of architecture) and has helped
shape the direction of architecture throughout Europe from the 16th
to 20th Century. His work is world renowned and still influences
many of the great modern architects today.
Similarly in engineering, the use of mathematical simulation is
changing the way we design and engineer products. Advanced
system level modelling tools are being used early in the concept
design phase to modify fundamental design features, this is well
illustrated by Emak on page 16. The use of Maple and MapleSim
has considerably reduced their design time by establishing the
holistic feasibility of their Chainsaw design early on.
Where markets are extremely tough, simulation will contribute
significantly your competitive edge and perceived image in the
market, by reducing time to market and increasing product
reliability throughout its life.
On page 12, Lucid Motors, a premium player in today’s electric
vehicle market, explains how they overcame a critical overheating
issue whilst improving the design of their inverter cooling system
using the process integration and design optimization platform,
modeFRONTIER.
History has taught us the importance of mathematics to progress
design and it is clear from this issue that this is stronger than
ever today. In the light of the latest 4th industrial revolution,
these techniques are vital for our future will be addressed in our
International CAE Conference, fittingly called simulation: the soul

Stefano Odorizzi, Editor in chief
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an overall architecture that can satisfy the requests in a synergetic
and integrated way.
However, in the space sector, due to a continuity trend in relation
to past activities, customers and agencies tend to unpack
everything in disciplines and in working groups. Therefore, it
forces us to conceptually separate systems depending on their
physics, or perhaps to deal with an aspect without being able
to do the same with a complementary overview. As in Ade, for
instance, the design is usually separated from analysis (attributed
to different companies with different approaches), thus extending
the development time without reaching a proper optimization.
This approach generates a great limit, justifiable only in very large
programs (for example when dealing with the development of a
whole launcher). I hope that in the near future we will be able
to evolve towards a different approach, fully exploiting the most
modern methodologies and software tools that have broken a lot
of communication barriers.

Aviospace The Italian

Aerospace & Defense Company
interview with Eng. Gambacciani

In your opinion, what is the contribution of the
Internet of Things in the Aerospace sector?
In reality aerospace has been a precursor of the IOT. Most of the
facilities have always been equipped and constantly monitored
either directly or through meta-models. Today we are developing
structures integrating sensors during the construction phase. This
can be easier for a composite part, while more challenging when
dealing with metal or ceramic components that must work at very
high temperatures.

Aviospace is an Italian company founded in 2004, active in the
Aerospace & Defense industrial sector. The company headquarters
is in the centre of Turin and employs about twenty people: most
of them are qualified and skilled engineers, who work on the
development of Aerospace Systems, from the conceptual phases,
research and development, to the prototypes and flight parts, in
partnership with major international agencies.
We met with Aviospace engineer Giovanni Gambacciani to learn
about the essence of Aviospace and the challenges it faces in
industry.
Gambacciani’s enthusiasm towards his work and the industry
is evident after the first question. Almost 40 years, since he
graduated, with full marks at the University of Florence, as
a mechanical engineer, Gambacciani began his career in
development of diesel engines at FIAT-GM Powertrain (now FCA)
where he gains a solid experience on CAE both in the fluid and
structural environment.

launches. In the past few years, the company has reverted back to
an independent company and it is undergoing a transformation,
facing new challenges within new areas of aeronautics & defense
and in industrial sectors with high technological content.

Is Aviospace involved in IoT developments?
Much more than involved. For example we are developing a
system using inkjet technology to print electronic circuits directly
on the structures. Such specific inks will allow for the status of
the structure itself to be monitored, transferring heat, collecting
and transmitting data, etc. In the space world, all systems are
fully equipped but in recent years we have been experimenting
the simplification of these means to acquire information. In a few
words we are moving from the traditional technology based on
harnesses, to systems that transmit data and signals in wireless
mode: the complexity and the cost are reduced but there is an
increase in the transmission difficulties. Unfortunately, the space
environment is very complex in terms of radio emissions and we
have to add the fact that the spatial structures are “closed” ones,
often made of metal, which tends to shield the radio emissions.

Gambacciani moves from automotive to aerospace, joining Thales
Alenia Space in the development of structures for space systems,
focusing his work on structures, mechanisms, materials and all
simulation methodologies and result testing. In 2010, he joins the
engineering team of Aviospace, part of the Airbus Group (owner
of Aviospace from 2010 to 2016), as Head of Thermo-structural
division. Leading the team based in Turin on numerous exciting
space transport projects, including: launchers, dwelling modules,
capture of space debris, robotics, support to the ISS, etc. Some
of which have been integrated or planned into the mission

Eng. Gambacciani, how do you approach a new project?
For us a new project typically consists of a complex system with
very precise objectives and requirements. Very rarely, can we draw
from our corporate or global background, since we are typically
required to solve problems that have never been addressed
before, or involving an environment not yet studied or understood.
To be able to get to grips with such projects in an efficient way,
we try to approach every challenge in the most integrated way
possible, without splitting disciplines and immediately generating
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Interview

What is the relevance and use of simulation
activities in Aviospace and in your sector?
The simulation and the calculation method for finite elements are
born with the space race, and still today represent an unavoidable
aspect of any space exploration program, but there are two
different approaches. In the USA, the tendency is to do more
experimental tests than simulations, relegating these to those
cases not testable to ground, while in Europe we very often employ
experimentation only to validate the developed virtual models. In
my opinion, it’s necessary to find a good compromise between

Interview

experimentation and simulation, and that is what you are trying
to reach in Aviospace. Intense testing campaigns may need too
much time and money, while virtualization without the contribution
of a solid experimental data is little more than a videogame. For
example if I do not know the precise characteristics of a material
in a certain environment, I cannot simulate its behavior.
In any case, any component must be qualified in an experimental
way before the flight.
What are the goals of Aviospace and Giovanni
Gambacciani for the near future?
The company is currently approaching new projects in markets
that were previously considered as marginal to space. Therefore
we are expecting new challenges and challenges are never trivial.
Even though we have a very good background, with aerospace
at the highest level of engineering and we are used to facing
extreme problems of any kind, but it is not so obvious how we
can transfer knowledge to other areas and correctly meet other
markets expectations.
Hand in hand with this business transformation, I would like,
even my personal competencies and those of the working group
I coordinate, to evolve accordingly, while maintaining the same
approach and hunger for “excellence” that has characterized our
work until now and that is essential for those who work in the
space field, where nothing can be left to chance.
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Interview with Nicola Pornaro
R&D Mechanical Engineer at

Marelli Motori
Fig. 1 - Overview of the work presented at the ANSYS Hall of Fame Competition

Marelli Motori is one of the world’s leading designers
and manufacturers of generators and electric motors.
The company was founded in 1891. Nowadays enjoys
worldwide brand recognition thanks to its extended sales,
distribution and service networks across four continents.
With two manufacturing facilities in Italy and Malaysia,
Marelli Motori sells technologically advanced products in
more than 120 countries. Their business model is based
on a successful combination of strategic key elements
that enable Marelli Motori to offer inspired solutions to
create value for their customers: a wide range of innovative
products, skilled people to provide sales & global support
and continuous investment in R&D.

What are the main strengths and
core values of Marelli Motori?
The two aspects that our customers appreciate the most are great
flexibility of our offering, with design-to-order percentages around
30%, and our worldwide service network which we provide together
with our products.
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The company pay off “inspired
solutions” symbolizes the creative
spirit and can-do attitude of the
Marelli Motori people, it expresses
our ability to develop innovative
and technologically advanced
products which create value for
our customers. Our mission is
to offer much more than reliable
and efficient products, we offer
solutions.

What were the main reasons for introducing
engineering simulation in your Company?
First of all we wanted to respond quicker and more efficiently to
our customers’ requirements. Rapidity and flexibility in giving
feedback to our customers’ needs are amongst Marelli Motori core
strengths, therefore it was imperative to have timely information
on technical feasibility. In the past, we used to rely on business
databases in order to carry out a preliminary assessment, today
computational simulation is the reference tool for fast and reliable
feasibility responses through simplified virtual models.
We also wanted to reduce the number of physical prototypes.
Throughout the years, Marelli Motori has developed a very
large and technologically equipped in-house test room both for
testing our products and third-party testing. This facility made
us independent when products certification testing was required.
However, repeated tests on prototypes may significantly slow down
validation tests on finished machines. Computational simulation
is therefore an essential tool which today allows us to drastically
reduce the number of manufactured prototypes and to speed up the
transition to the certification phase.

Our inspired solutions are designed
and manufactured by talented
people. Being inspired translates
into making an extraordinary use of
our technical expertise.
We believe that enhancing people know-how and experience by
promoting the mutual sharing of knowledge between senior and
junior staff can create winning synergies.
Fig. 3 - Modal analysis on a Flame proof electric motor

Interview

Interview

When did you first introduce engineering simulation and
how do you currently apply it to product development?
Almost a year ago Marelli Motori started to use the ANSYS
multiphysics software to optimize our products, however the
advantages of using engineering simulation were known to us for
many years. The implementation of appropriate solutions and the
development of structured simulation procedures is an innovation
we have recently introduced by acquiring the ANSYS platforms for
structural, modal and thermo-fluid dynamics analysis.
To date, we use engineering simulation mainly to have quick and
reliable responses to our customers’ requests during feasibility
studies and for preliminary testing and validation instead of
physical prototypes. The fields of application are mainly structural
analysis to reduce weight and improve mass distribution, coupled
with modal analysis to obtain the harmonic response of assemblies
and CFD to evaluate machine efficiency and improve ventilation
performance.

Fig. 2 - Entire GenSet model Meshed to realize Modal Analysis

What are the main goals achieved thanks
to engineering simulation?
Engineering simulation has proven itself crucial in the production
of reliable, competitive and efficient generators for hydropower,
cogeneration, industrial and oil & gas applications, by providing
the best result in terms of performance, mechanical reliability and
cost reduction.
In terms of technical goals, it allowed us to decrease the operating
temperature of our motors by equal power, to reduce the machine
weight, to simplify the complexity of the structures and the number
of weld sand to obtain a reliable validation of loading conditions.
In terms of business goals we have achieved faster response to
customers, lower operating costs and lower product cost. Last
but not least we must consider strategic goals such as increased
competitiveness, better awareness of the process, deeper
involvement of different work teams (from analysts to designers),
better exploitation of know-how and greater sense of participation.

What are your future plans for expanding
the use of simulation in your Company?
Producing reliable, competitive and efficient generators for
hydropower, cogeneration, industrial and oil & gas applications
requires an understanding of the complex interactions of structural,
thermal, flow and frequency physics.
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THE BAMBOO FOUNTAIN
RecurDyn and Particleworks to efficiently solve
multi-body and fluid dynamics coupled problems
Fig. 4 - Fluid flow within an entire air-to-air cooled electric motor

In the mid-term, our objective is to extend the field of application of
simulation to other fields of physics, like electromagnetic analysis,
and to increase the number of users devoted to simulation activities.
Moreover we aim to switch to parametric optimization and finally to
enable data and simulation process sharing both within the company
and with our suppliers.
In the long term Marelli Motori would like to leverage CAE to optimize
maintenance decisions by simulation before implementing them, in
order to support the maintenance services that we also offer to our
customers. A virtual model of our products would in fact increase our
ability to predict the machine lifecycle, getting real-time feedback
to predict product failures and allowing the company to recommend
timely maintenance actions to the customer.

What is the added value that EnginSoft
can bring to Marelli Motori?
The added value that EnginSoft can bring to Marelli Motori is surely
the immediate availability and readiness always shown in providing
high-level software assistance and know-how. The combination of
engineering skills and in-depth knowledge of EnginSoft technicians
allows us to overcome the most complex engineering issues without
wasting time.

You recently won the ANSYS Hall of Fame competition for the
best industrial application of CAE, can you tell us more about it?
Given the outstanding results obtained thanks to the implementation of
engineering simulation, we have enthusiastically decided to participate
in the international competition “ANSYS Hall of Fame” announced
every year by the American multinational. Our case study, titled
Multiphysics of a GenSet: structural verification, Dynamic Analysis and
CFD simulation using ANSYS software ranked amongst the top 10 best
engineering project in the world.
We applied multiphysics simulation to different aspects of electrical
motor and generator design: from structural analysis on frame, shields,
fan and shaft to evaluate strength and deformation, dynamic analysis
to thoroughly study the operating behavior of the machine and
thermal CFD to increase cooling efficiency and thermal exchange,
lowering hot-spots inside the generator with the purpose to
maximize power output. This was all done while reducing the cost
of product development and shorting the time-to-market (for further
information ref. to EnginSoft Newsletter Year 14 n°1 Spring 2017).
Given the global expansion of physical simulations and the exponential
increase of the difficulty level expressed in the Competition year by
year, we wanted to match technical complexity and performance with
emotional engagement. With this in mind, I actively involved in the
project our Corporate Communication Team - Elisa Borri, Sara Faccin
and Mario Sartori helped me to achieve this important recognition
despite a very challenging international competition.
In the past 50 years, simulation tools have changed the way new
products are designed, engineered, manufactured and recycled.
The former programs were just for small structural calculations
(Finite Elements), but, since the beginning, numerical science and
information technology have rapidly evolved together, that, just in
a few decades, it is now possible to simulate any field of physics:
structural dynamics, acoustics, dynamics, electromagnetic fields,
fluid dynamics, chemistry and much more. It could appear that all
is done, but there is still a lot to do in the field of digital prototyping.
The most important challenge has become the simulation of the
real physics as synthesis of simultaneous phenomena, each one
involving a different set of equations. This approach is normally
indicated as multi-physics simulation and requires multi-domain
models. Generally speaking, we say that two physical problems are
coupled when the solution of one would be totally different without
the influence of the other one (and vice-versa). This scenario,

ANSYS Discovery Live
All of your “what if” design ideas await Discovery

TRY IT FOR FREE!
www.enginsoft.it/software/discovery

translated into the simulation world, required the two digital models
to be solved together, exchanging information during the solution
process. This is called co-simulation, which must not be confused
with the one-way coupling that is simply the transfer of information
from one model (solved first) to another model (solved later).
The first examples of co-simulation appeared between structural
dynamics and fluid dynamics, to reproduce vibration of buildings
occurring during gusts of wind. Both FEM and CFD are based
on finite elements, so that the numerical coupling did not have
to face excessive obstacles. In this paper we present an example
(not an industrial case, but a very nice and very didactic one) that
introduces the co-simulation between multi-body dynamics and
fluid-dynamics. This coupling is possible by the introduction
of new mesh-less approaches in computational fluid dynamics.
The Moving Particles Simulation (MPS) method relies on small
particles which reproduce the fluid field. Such particles interact

ANSYS Discovery Live is a product of

Case History
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with each other and also interact with either fixed or
moving rigid walls, that define the fluid field borders. In
this context the coupling with multi-body becomes almost
natural, since some of the walls can be the surfaces of the
rigid moving bodies.
In this application, we have coupled the multibody software
RecurDyn with Particleworks, which is a CFD technology
based on the MPS method. RecurDyn is the only
commercial tool in the market with a reliable and efficient
interface to particle-based 3rd party technologies. When
the co-simulation runs, RecurDyn passes to Particleworks
the information about the moving walls, while Particleworks
transfers to RecurDyn the loads acting on those walls. The
two problems are therefore solved together and the final
result could not be achieved in any other way.

joint in the middle and two contacts at the ends.
Once the dynamical model is done, the user
selects and exports the bodies that will become
vessel objects in the fluid dynamics model. The
operation is rather easy and fully assisted by
RecurDyn interface features.
Once in Particleworks, the user imports the
vessel objects and defines the position of the
water source, the fluid flow, the fluid properties
and the size of the particles. The user can also
fill some volumes with particles if necessary (not
in this case). Once the CFD model is completed,
it is possible to test it in stand-alone mode: the
user sets the integration coefficients and checks
the fluid properly flows and fills the vessels.
The co-simulation is launched and managed from
RecurDyn, whose dedicated interface includes
some controls to govern the synchronization
between the two solvers. The shared information
includes position and speeds of the vessel walls
(from RecurDyn), forces (from Particleworks) and
time step size.

The Bamboo Fountain
Choosing an example that quickly highlights the concept
of coupling between system dynamics and fluid dynamics
has not been trivial. We could have picked an industrial
case such as the sloshing of the fuel in a vehicle tank or the
aquaplaning of a car over a paddle, but the understanding
would have been rather difficult. Thus, we went for a nice
bamboo fountain, which is a decorative feature in oriental
gardens. The real name of bamboo fountains is “Sōzu” and
they were originated from Japan as device to scare deer,
birds and other animals, in order to keep them away from
crops.

When performing co-simulation,
the CPU time is clearly governed
by the CFD problem. The proposed
model, consisting of about 6700
fluid particles, took about 10 hours
on a regular PC with GPU (Processor:
Intel® Core™ i5-3470 CPU 3.20 GHz
GPU: GeForce GTX 650 RAM: 32 GB)
to simulate three complete 3 cycles
(40 s simulation) of the bamboo
rocker in double precision. We verified
that changing the inertia of the rocker
and/or the water flow it was possible to
change the frequency of the bamboo
fountain.
The proposed example, no matter
how simple it is, has shown that the
RecurDyn x Particleworks approach
makes
possible
to
efficiently
investigate those problems where multibody dynamics and fluid
dynamics continuously and tightly affect each other.

Figure 5 – Water surface post processing performed
within Particleworks

For more information:
Fabiano Maggio, EnginSoft
f.maggio@enginsoft.com

It consists of a segmented tube, usually of bamboo,
pivoted to one side of its balance point. The heavier end Figure 1 – Bamboo Fountain Model
of the tube is closed, while the lighter end is opened. At
rest, the heavier end is down and resting against a rock. A trickle
Particleworks is a mesh-free CFD software, developed in Japan
of water into the upper-opened end of the tube accumulates, so
by Prometech. Particleworks integrates the classic Navier-Stokes
that the overall center of mass changes. As it passes the pivot, the
equations using an innovative approach, where the fluid is
tube rotates and pours out the water. At that point, the heavier end
virtualized through moving particles. This technology is suitable
falls back against the rock, making a sharp sound, and the cycle
for simulating free surface flows of incompressible fluids. Being
repeats.
a mesh-free method, the pre-process time is almost negligible.
Moreover, its scalable solver has been optimized to efficiently
The bamboo fountain is an excellent example of strongly coupled
run in modern GPUs, so the calculation time is amazingly short.
physics. From the mechanical point of view, it is a rocker having
Particleworks is really an emerging technology, which is able to
variable inertia. From the fluid dynamical point of view, it is a
tackle a large family of problems that could not be treated with the
moving tank with a hole through which water can flow in and out.
classic mesh-based CFD.
The only way to simulate the behavior of this device is to solve –
together – the CFD problem and the MBD problem.
Modeling and Solution
The modeling process starts in RecurDyn, by importing a simplified
geometry of the bamboo fountain. The assembly of the multi-body
The Tools
model is definitely trivial, since this device only needs a revolute
RecurDyn is a multi-body simulation software, developed in South
Korea by FunctionBay, Inc. since late ’90. The technology has
gained market recognition in Japan, Korea and Germany, thanks
to its special features designed to efficiently simulate flexible
bodies and contacts. In the past two releases, RecurDyn has been
equipped with an interface for third party simulation software,
based on particle methods. This means that RecurDyn can interact
Figure 2 – RecurDyn-Particleworks dedicated interface
with both DEM codes and mesh-less CFD codes.
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particles. All fluid quantities, such as
fluid flows, fluid pressures and so on,
are only available in Particleworks.

Case History

Figure 3 – Data flow between RecurDyn and Particleworks in co-simulation mode

The post processing phase is carried out in both RecurDyn and
Particleworks, depending on the type of output the user needs. All
dynamical and kinematical quantities are available in RecurDyn only
and extracted through the classical post-processor. In RecurDyn it
is possible to show the animation with moving parts and moving

Figure 4 – Number of particles inside bamboo vs bamboo angle diagram

Case History

RecurDyn offers the ability to analyze MFBD systems that interact
with either granular (dry) particles or particle-based fluids.
Granular solids, such as soil, sand or printer toner are modeled
using RecurDyn/Particles which is based on the discrete element
method (DEM). Fluid dynamics is available through co-simulation
with the MPS-based CFD software of Particleworks. RecurDyn has
an interface for Particleworks that makes co-simulation between
them simple.

Recurdyn and ParticleWorks
are Sponsors of the
International CAE Conference 2017
www.caeconference.com
Newsletter EnginSoft Year 14 n°3 - 11

Performing multi-objective inverter cooling
system optimization with modeFRONTIER

Optimum channel solution for temperature reduction, lowering pressure and minimizing size

CHALLENGE
An inverter is an electronic device that converts the direct current (DC)
stored in the battery into alternating current (AC) and send electricity
to the three phases of the AC induction motors. Overheating is the
most critical issue beside vibration, humidity and dust when designing
a drive inverter for hybrid and pure electric vehicles. Its efficiency is
instead driven by low chip-to coolant thermal conductivity together
with temperature balance and low pumping pressure. The Lucid
Motors team focused on designing an inverter cooling system that
keeps the temperature under control.
SOLUTION
Starting from the conceptual design of a cooling channel with different
configurations, engineers at Lucid Motors performed different design
of experiments evaluations and sensitivity analysis using a fully
parametric CFD model with modeFRONTIER, which enabled them to
find optimal design candidates for temperature reduction, lowering
pressure and minimizing channel size. “After deciding on an optimum
channel solution, we went further and optimized the manifold design
by including a mesh morphing step in the modeFRONTIER process
integration workflow. The objectives there were to keep pressure

Lucid Motors boosts electric vehicle
performance with modeFRONTIER
Lucid Motors is a premium mobility company that is reimagining
what a car can be. The company is applying innovative engineering,
design, and technology to define a new class of premium electric
vehicle. Headquartered in Menlo Park, California, in the heart of Silicon
Valley, the Lucid Team brings deep expertise from the automotive
and technology industries. The Lucid Air all-electric sedan combines
forward-looking design with groundbraking technology to establish
an entirely new class of vehicle. Its production will start in 2019 with
deliveries taking place shortly thereafter. lucidmotors.com
California-based electric car company, Lucid Motors, applies
innovative engineering, design and technology to define a new class
of premium electric vehicle. Their first Lucid Air all-electric sedan,
with up to 400 mile range battery options and 1,000 horsepower twinmotor configuration with all-wheel drive, is to be delivered in 2019.
In preparation for production, Lucid Air prototypes are undergoing
a rigorous development program. modeFRONTIER has been used –
together with other applications - to optimize the design of an inverter
with the aim of enhancing efficiency and minimize failure rates.
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“modeFRONTIER helped
optimize temperature
and pressure for our new
generation electric vehicle”

Case History

modeFRONTIER reduces development
cycle time, lowers costs, and increases
the degree of product innovation by
taking advantage of computer-based
optimization, sensitivity analysis, and
robust design.

Applications of modeFRONTIER
in the automotive industry
modeFRONTIER has been widely used by players in the automotive
sector. A number of success stories testify to the advantages of
automating and optimizing the analysis linked to vehicle development.
Clients like Ferrari, Ford, Toyota and many more have chosen
modeFRONTIER platform to: crashworthiness optimization - chassis
and vehicle dynamics - engine performance, calibration and tuning

Case History

Optimized manifold design with lower pressure variations and reduced velocity variation

Inverter optimization results obtained with modeFRONTIER

variations low and reduce velocity variation”, said David Moseley,
Director, Powertrain, Lucid Motors.
modeFRONTIER ADVANTAGES
modeFRONTIER provided an environment to identify inverter optimal
designs while enhancing efficiency and minimizing failure rates. The
use of modeFRONTIER enabled Lucid engineers to make more power
available to the inverter and increase alternative current from 1200
to 1500A. The ESTECO technology also supported the Lucid Air
development in optimizing suspension components and enhancing
the thermal performance for the motor cooling.

- powertrain systems - racecar aerodynamics - fuel
cell optimization - passenger restraint systems and
airbag triggering - engine cooling system - thermomechanical optimization - braking and suspension
systems - ABS control - transmission systems
- hybrid vehicle fuel system - HVAC component
optimization - reduction of fuel consumption and emissions - vehicle
handling and comfort - tire optimization - train aerodynamics - carbody structural analysis - valvetrain kinematic optimization.
For more information:
Francesco Franchini, EnginSoft - f.franchini@enginsoft.com

ESTECO is Sponsor of the
International CAE Conference 2017
www.caeconference.com
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Cooling fan module
road test simulation

Johnson Electric is world leader in motion subsystems market.
Actuators, motors, switches, solenoids, flexible circuits and CFM
are some of the wide range of custom product developed projects.
The industries served include Automotive, Building Automation,
Home Technologies, Medical Devices, Power Tools and Lawn &
Garden.
For engine cooling, Johnson Electric offers smart Cooling Fan
Modules (CFM) with best in class efficiency and power density.
CFMs are composed by a brushless motor driven electro-fan with
a support frame (shroud) mounted in front of the radiator. CFMs
are subjected to high structural tests according to internal and
customer requirements (Vibration test, Yaw test, Endurance etc.);
the road test represents an important step in the product validation.

Fig.3-Radiator-fan hub gap

to 0 km/h generates an acceleration of around 0.6 G, while bumps
can generate up to 6G in longitudinal direction and 10G in the
vertical direction.
Structural FEAs on CFMs aim to minimize stress and displacements
on new designed products, in particular to guarantee fan-radiator
and fan-shroud not-touching during the whole product life.
Optimization of the product starts with a strong correlation of the
model with specifically designed tests under controlled conditions.

Test description, FEA implementation
A proof car is generally provided by the customer with some hours
of test drives recorded in order to monitor dynamic behavior.
Accelerometers and thermocouples are mounted on the pilot CFM
nodal points. In addition, an accelerometer is
placed at the tip of lower frame on which the
cooling box is mounted; this point represents
the vibration of the body car, i.e. the vibration
coming from the vehicle body can be considered
as induced to the radiator/electro-ventilator by
this point (Fig.1).
The most critical bump episodes are identified
and introduced in an ANSYS transient analysis
as input accelerations in the three space axes.

Fig.4-Radiator-fan hub gap

Geometry optimization from real data
Evaluation of stress and deformations is part of the design process.
A good safety factor on fan-radiator gap along time is the aim to
assure no-touch condition (fig. 3,4).
An optimization activity is carried out on the shroud. The internally
developed shroud design tool can guide CAD parametric geometries
and FEA analyses in the construction of a n-dimensional space of
the solutions with optimization algorithms (Sobol+Full factorial).
The designer can thus identify the best geometrical parameters
set (component thickness, height, quantity etc.) to reduce
deformations with minimum possible mass contribution (fig.6).
The new reinforced shroud is virtually mounted on CFM model and
FEA is relaunched for validation. This resulting gap improvement
can be seen in figure 6.
Conclusions
CFMs are subject to high stress in a critical environment. Road
obstacles represent a challenging condition that is capable of
creating transitory situations of potential damage. It is fundamental
a robust structural design can be achieved to minimize stress and
avoid contact between parts; at the same time the weight issue
must be under control. This can be obtained with FEA optimization
based on a model which were previously correlated with proper
experimental data.
Alberto Ballestra - Johnson Electric

Model geometry represents the CFM mounted on the radiator by
means of the two lateral tanks, whose inferior part is connected
For more information:
to ground (lower frame of the car body) through a joint. This is
Fabio Rossetti, EnginSoft
used as input for the measured accelerations on the body car. A
f.rossetti@enginsoft.com
simplified model of the radiator with reduced
number of plates was implemented, with
equivalent dynamic properties.
Polymeric material properties are tuned by
means of Experimental/FEA correlation, testing
the component on a Shaker mounted in a
climatic chamber (controlled temperature and
humidity) and correlating natural frequencies
and damping factor.
The FEA model is further calibrated on test
data using damping, parts contact and joint
stiffness. The measured data at rear side of the
motor is compared to FEA results and used as
model validation.
The correlated model gives a dynamic response
in the time domain (gain, i.e. input/output
Fig.5-Shroud design optimization tool
acceleration ratio) similar to measures (Fig.2).

Fig.1 - CFM (cooling fan module) test set up, accelerometer position

Tests are carried out in the conditions informed by the client,
adopting a standard of reproducing vibration and temperature
levels, and the vehicle life. The test track is composed of a mix of
paved-unpaved road with portions of severe potholes, bumps and
similar obstacles. This represents a challenging loading condition
that is capable of creating transitory high acceleration impact, to
create potential parts damage. Abrupt braking condition from 100
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Fig.6-Fan-radiator Gap ratio monitoring during bump – baseline and optimized

Fig.2 - FEA-test gain comparison

Case History

Case History

Fig.7- Maximum stress monitoring during bump – baseline and optimized
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Best practice dictates that an operator should inspect the saw
before starting work and only operate the saw if all the safety
features are properly functional.
Additional safety features provide a significant commercial
advantage to chainsaw producers. Most chainsaw safety features
are focused on the kickback problem, and seek to either avoid it
(chain and bar design), or to reduce the risk of injury should it
occur (chain brakes).
Especially, the chain brake ensures maximum safety in using the
chainsaw. It protects the operator from dangerous kickbacks which
can occur during working phases. It is actuated, with consequent
instant locking of the chain, when the operator presses the lever or
automatically by inertia when the protection is pushed forward in
the event of sudden kickback.

Emak Technologies is a renowned Italian company for professionals
and hobbyists in lawn and garden maintenance. Emak was
established in 1992, from the merger of two major companies
specializing in the production of gardening and forestry machines:
Oleo-Mac and Efco, both of which had been active since the ‘70s
in Northern Italy’s burgeoning enterprise sector.

Maple can:
• solve math problems easily and accurately
• provide insight into a problem, solution, data, or concept
using a huge variety of customizable 2-D and 3-D plots and
animations
• keep problems, solutions, visualizations, and explanations all
together in a single, easy-to-follow document, to avoid wasting
time reconstructing thought processes
• create interactive applications for colleagues easily and share
them over the web

Figure 2 - Chain brake in detail

spraying), piston pumps for the industrial sector, professional
high-pressure washers, hydrodynamic units, and urban cleaning
machines.
The Emak Group concentrates its efforts on achieving customer
satisfaction with an offering of advanced technological solutions and
services characterized by impeccable standards of reliability and
innovation and the creation of value to benefit all its stakeholders.
In order to achieve its goals the Group bases its activity on specific
critical success factors.
The Chainsaw kickback problem
Chainsaws is one of the flagship products
from Emak.. It incorporates numerous
safety features common to many enginedriven power tools. Manufacturers have
introduced numerous design features
to improve safety. Some features have
become de factor standards, and others
are legal requirements in particular
jurisdictions.

Figure 1 Chainsaw chain brake

16 - Newsletter EnginSoft Year 14 n°3

Maple is a math software that combines the world’s most powerful
math engine with an interface that makes it extremely easy to
analyze, explore, visualize, and solve mathematical problems.

MapleSim, instead, is a Modelica®-based system-level modeling
and simulation tool that applies modern techniques to dramatically
reduce model development time, provide greater insight into
system behavior, and produce fast, high-fidelity simulations.

Maplesoft + ANSYS: the best solution
to the chainsaw kickback problem

The Emak Group operates worldwide, handling distribution in
Italy and in another ten foreign markets - USA, France, Germany,
UK, Spain, Poland, Ukraine, China, South Africa, Chile and Brazil
- through subsidiary companies, offering a vast assortment
of products with recognized brands and addressing a highly
diversified customer target group.
Emak products address gardening and forestry duties and
agriculture such as brushcutters, lawnmowers, garden tractors,
chainsaws, rotary tillers and motor hoes. Emak also produce
diaphragm pumps for the agricultural sector (irrigation and

pre and post processing analyses. Emak discovered in MapleSoft
products, Maple and MapleSim, the perfect pairing to perform
these tasks.

Case History

Modeling and optimization using Maplesoft + ANSYS
The main challenges can be summarized into three main questions
that Emak want to answer:
1. How to get more accurate analyses?
2. How to improve post-processing analyses?
3. How to validate analyses experimentally?
To answer questions 1 and 2, the Emak team needed a software
solution that could provide an advanced system level modeling
to maximize system performance, detect performance issues at
an early stage, handle multiple engineering domains and improve

Figure 3 - Maple: the technical computing software for engineers and researchers

Case History

Figure 4 - MapleSim: the Modelica-based, multi-domain modeling and simulation tool

MapleSim can:
• verify a design before building a prototype, by creating a high
fidelity virtual prototype of your entire system in a multidomain
modeling environment
• simplify model development with model diagrams that closely
resemble the system diagram, making them easier to
construct and verify visually
• refine and optimize your designs with an extensive
collection of powerful analysis tools and the ability to
customize and extend these tools to suit your project
• quickly meet your specialized modeling needs, with
easy-to-create equation-based custom components,
access to specialized Modelica libraries, and customizable
components
• reduce late stage changes by identifying unexpected
subsystem interactions and other design problems early in
the development cycle
• achieve extremely fast simulation code without sacrificing
model fidelity, with highly optimized model code suitable
for real-time and in-the-loop testing
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• enhance customer toolchain without
adding overhead, with easy connectivity
to Simulink®, FMI-compliant modeling
tools, CAD tools, and more

The Emak Workflow Description

signals, and use them for subsequent analyses. This allows for
the frequency content to be decreased for post processing fatigue
analyses that was executed later in ANSYS WorkBench 18.

To answer to question 3, ANSYS Mechanical
Workbench 18 has been used for structural
analysis, including linear, nonlinear and
dynamic studies.

1. Multibody model
A single cylinder gasoline engine model has
been created to predict engine performance
in MapleSim, providing the first step of the
workflow. The model describes the piston,
cylinder, connecting rod and crankshaft
behaviour.

Figure 9 - Signal processing
Figure 5 - The Emak Workflow Description

Figure 6 - Engine Model in MapleSim and Model in ANSYS WB

The chain brake connected to the crankshaft has also been modeled in
MapleSim in order to optimize the stop time and calculate forces on
the quadrilateral. Chain brakes prevent movement of the saw’s cutting
chain by applying a steel brake band around the driven clutch drum.
Clamping force for the brake band is provided by a powerful spring.
The chain brake has two purposes. First, it can be used to secure
the chain when changing position, moving between cuts or starting a
cold saw, which requires a partly open throttle. This would otherwise
lead to uncontrolled chain movement, a major hazard in older saws.
Secondly, the chain brake can activate under kickback conditions to
prevent the operator from being struck by a running chain.

Every physical modeling or physics-based modeling in MapleSim,
incorporates mathematics and physics laws to describe the behavior
of an engineering component or a system of interconnected
components. In addition, for every block imported in MapleSim
its properties can be specified: for example, the revolution joint
used in the previous schema has some properties like angular
velocity, initial angle, spring constant and so on. Beside these,
also related system units can be selected. Once connected, all
MapleSim blocks, useful to design the model, generate a system
of equations which is automatically resolved to get all physical
quantities required.
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4. DOE implementation in Maple and results export
Furthermore, a DOE with a graphical interface has been prepared
in Maple: graphical Maple components were imported and
connected to a Maple code to carry out a time reconstruction
and to verify that the new signal was consistent with the original
one, exporting it to the properformat. After this step, all results are
exported into text files.

Figure 11 - Fatigue Analyses in ANSYS 18

Conclusion
By coupling Maplesoft products with ANSYS WorkBench 18,
EMAK achieved high computational accuracy. In particular, by
using Maple, the Emak engineers were able to drastically reduce
the time typically spent on multiple trials and fine-tuning.
Moreover, Maple’s graphical interface makes reading the data
far easier. On the other side, MapleSim, allows to create models
quickly, and the mathematical analysis tools enable to really
understand what is going on the chainsaw’s single cylinder
engine and brake, and how to optimize them, exploiting the best
in class capabilities of ANSYS WorkBench 18.

2. Structure excitings
After the single cylinder engine model in MapleSim, the structure
forces excitings obtained from bench experiments are extracted
and imported into Maple. This task is supported by customizable
and animated plots available in Maple.

Figure 10 - DOE in Maple

Figure 8 - Engine’s Excitings

Figure 7 - Brake Model

in particular to get the temporal history of signed Von Mises. This
time history is decomposed into a history of peaks and valleys,
useful for counting load cycles through the Rainflow Algorithm.
Once the current load cycles are known in the temporal history
of signed Von Mises in terms of average and alternating voltage
and their number, the alternating voltage is corrected taking into
account the average value, according to Soderberg’s theory. With
these values the S-N curves are plotted to calculate the number
of breaking cycles of each contribution and thus the total damage
and fatigue life.

3. Signal analysis in Maple
As a third step, a custom template for signal processing has been
implemented in Maple: the exciting forces were collected and then
analyzed to reduce the frequency content through a Discrete Fourier
Transform study. In particular, time histories were analyzed in
order to extract the coefficients of the Fourier series that represent
them, so to identify the dominant frequency inputs of the input
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5-6-7. Experimental validation
A model of the machine was implemented in ANSYS WorkBench
and a related fatigue analysis is executed to validate experimentally
all of its aspects (modal shapes, rigidity, damping). The
reconstructed signal is imported through text files into WorkBench
using the Imported Load block.
The procedure requires, as a starting point, the resolution of the
harmonic analysis taking into account all the frequency components
for the reconstruction of the input load cycle. Frequency
contributions were reduced and the results are used to perform
harmonic simulations (one for each frequency contribution),
crucial for time reconstruction of system regime response. Even for
these harmonic simulations, the harmonics are pre-stressed by a
previous static condition that represents the tightening of the bolts.
Following the harmonic simulations, the time history of the stress
history in points of interest for the duration of the cycle progresses,

Case History

Paolo Verziagi, Antonio Lauciello - Emak
Elio De Marinis - EnginSoft
For more information:
Elio De Marinis, EnginSoft
e.demarinis@enginsoft.com

Maplesoft is Sponsor of the
International CAE Conference 2017
www.caeconference.com
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Coupled Field Analysis in

Structural Health Monitoring (SHM)
Structural Health Monitoring (SHM) is an area of great scientific interest
that, involving innovative approaches, may alleviate the life-cycle cost
of structures by replacing scheduled maintenance with as-needed
maintenance. SHM is used to give a diagnosis of the state, both of the
constituent materials and of the fully assembly of the parts involved in
a structure as a whole. Through acquiring, processing and interpreting
the signal data, it may predict the remaining life of the structure by
monitoring the progressive damage during the exercise, which could
also lead to catastrophic consequences. SHM is concerned with directly
assessing the state of structural health detecting the presence and the
amount of structural damage by piezoelectric transducer (PZT) that can be
permanently bonded on the structure.
Wave Propagation Theory
Wave is a disturbance that travels and propagates into the structure.
Different types of waves can be studied and by understanding their
physical behaviour it is possible to model their propagation in the structure
subject of investigation. The present work is focused on ultrasonic waves:
according to the direction of particle vibrations, they can fall in different
families:
Wave type

Particle Vibrations

Longitudinal

Parallel to the direction of propagation

Transverse

Perpendicular to the direction of the

Surface

Elliptical orbit – Symmetrical Mode

Plate Wave

Component perpendicular to surface

propagation of the wave

Guided waves have widespread applications in structural health monitoring
because they can travel at large distances in structures with only little
energy loss due to the fact that they remain confined inside the walls of
a thin-wall structure. For this reason, they can also travel inside curved
walls enabling the SHM of large areas from a single location. In flat plates,
ultrasonic-guided waves travel as Lamb waves and as shear horizontal
waves (SH). Lamb waves are vertically polarized, whereas SH waves are
horizontally polarized. Both waves have symmetric and antisymmetric
modes and are quite dispersive. For relatively small values of frequency f
and thickness d, only the basic symmetric and antisymmetric modes exist
(S0 first symmetric mode, A0 first symmetric mode and SH0 first shear
mode). To define the Lamb wave function, the Rayleigh-Lamb equation
must be solved to find the wave speed cL:

(1)
where
and
The term cL is the Lamb
wave speed, d is the half thickness of the plate, cS is the shear wave
velocity and cP is the longitudinal wave velocity. The solution of equation
(1) was obtained numerically by Scilab. The Lamb wave speed cL was
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computed for an aluminium thin plate with an elastic modulus E equal to
71 GPa, a Poisson’s ratio equal to 0.3 and a thickness of 1.6 mm.

Finite element analyses of the wave propagation process were performed
using the finite element code ANSYS. Several coupled-field analyses
were executed in order to consider simultaneously the elastodynamic
and electric field. PZT were modelled by using coupled-field elements
SOLID226. The bottom surface of the PZTs was attached (by a node
merge) to the strip specimen surface so that the mechanical motion and
forces were transferred between the parts. Sensor ATOP and ABOTTOM were
used as transducers that were excited by 5 peaks smoothed tone bursts.
The excitation signal was an electrical voltage directly applied to the top
surface electrode of the PZT, whereas bottom electrode (bottom surface)
was electrically grounded. The mesh size was equal to a twentieth of the
wavelength and in transient structural analyses was employed a time step
equal to 1/20f with f the central frequency of the signal. The aluminium bar
was numerically modelled with free-free boundary conditions.

amplitudes (see Figure 4). Evaluating the Time of Flight on each position,
it was possible to calculate the propagation speed of the S0 mode in the
aluminium bar. In this case it was obtained a value equal to 4819 m/s that
differs of 4.7% from the analytical value (5062 m/s).

Figure 4 - Spectrogramm of signal caught by the sensor E
Figure 1 - Wave speed curves for Lamb wave in aluminium plate

Embedded Piezoelectric Sensor
Piezoelectric materials modify their shape in response to an electric
excitation in order to generate induced-strain actuation and strain
sensing. Induced-strain actuation generates a motion at the micro
scale by converting electric energy into mechanical energy. The direct
piezoelectric effect is an electric field generated by a given mechanical
stress whereas the sensing effect is a mechanical strain generated by
a given electric field. The tensorial relations between mechanical and
electrical variables are the following:

Figure 2.a Axial Wave - f=100 kHz A=100 Vpp

In addition to the 5 peaks tone burst an echo was observed around 0.42 ms
(Figure 3). This echo was caused by the reflection of the wave occurred
at the free end of the bar. Waves are not only reflected at the interfaces
but also by internally flaws, material separations and inclusions. More
generally damages can cause reflections, scatter or modification of
signal. For this reason, it was carried out a finite element analysis on an
aluminium bar characterized by the presence of a flaw located 350 mm far
from the transducer. The flaw was modelled by cutting material from the
bar in order to generate a discontinuity in the solid.

Figure 2.b Flexural Wave - f=10 kHz A=100 Vpp

where (2.a) is the actuation equation and (2.b) the sensing equation. In
(2.a) sEijkl is the mechanical compliance of the material at zero electric
field (E=0), Sij the mechanical strain, Tkl the mechanical stress and dkij
the piezo-electric coupling coefficient. gikl is the piezoelectric voltage
coefficient and represents how much electric field is induced per unit
stress by squeezing the PZT. For this reason, equation (2.b) is called the
sensor equation. In this works a PZT was modelled with a piezo-electric
coupling coefficient equal to -175e-12 m/V.
Finite Element Analysis
Numerical simulations were carried out on aluminium beam made from
aircraft grade sheet Aluminium 2024 alloy, 1.6 mm thick, 914 mm long
and 14 mm wide. Piezoelectric sensors were squares of 7 mm side and
0.2 mm thick. They were bonded on both sides of the sample at the
following coordinates:
Sensor

ATOP

ABOTTOM

B

C

D

E

X [mm]

57

57

257

457

657

857

Y [mm]

7

7

7

7

7

7
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Figure 5 - Echo caused by the presence of flaw

Figure 3 - Received Signals S0 Mode - f=100kHz A=100 Vpp

From Figure 3 it can be noticed that the Time of Flight (ToF) on each
sensor varies linearly with the distance between transducer and
sensor. The signal amplitudes caught by the sensors fall in the range
of hundreds of milliVolt. These signals were processed by Short-TimeFourier-Transform (STFT). STFT is a technique in signal processing to
analyse non-stationary signals by segmenting the signal into narrow time
intervals and performing the Fourier transform of each segment. In this
work, the signals were segmented by Hamming window because the
simpler rectangular window is a poor choice for signals of time varying

Case History

This discontinuity generated a new back-propagating reflected wave. By
knowing the propagation velocity and the time of flight it was possible
to calculate the distance between the point of excitation and the location
along the bar where echo was generated. The amplitude of the echo
depends on the extent and the amount of the damage. Furthermore, it was
observed that the amplitude increased linearly with the cut length and the
wave packet changed considerably with the geometric shape of the flaw
(linear cut, circular or elliptical hole and so on).
S. Carrino, G. Scarselli - University of Salento

For furher information:
Stefano Carrino - stefano.carrino@unisalento.it
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Figure 1 - Speed reduction gear box, part of the rotor drive transmission
change for a forage harvester machine.

Oil splashing, Lubrication and Churning losses
prediction by moving Particle Simulation
Lubrication, churning losses and heat dissipation are fundamental
aspects in the design of gear boxes and transmission systems.
These three aspects affect the functionality, life and efficiency of
the device, but, in spite of their importance, the use of simulation
to study these phenomena and support the design of transmission
systems is very limited. The reason is that traditional mesh-based
CFD methods can handle simulation of gear boxes and similar
systems only with complex meshing methods and with long
transient simulations, that do not fit in the design process. This
paper shows how particle based methods like the Moving Particle
Simulation (MPS) can simulate lubrication and oil splashing by
completely eliminating mesh generation from the CFD process and
by drastically reducing the simulation time, thanks to the semiimplicit scheme used by MPS for time integration. In particular
the article shows the results of the MPS method on a two speed
reduction gear box, that is part of the rotor drive transmission
change for a forage harvester machine. The gearbox has to work
in a very wide range of rotational speed and torque and a good
lubrication for all rotating components is mandatory to avoid
failures and overheating issues.

Introduction
The design of gear boxes and transmissions systems has to maximize
the power transmission efficiency, guarantee lubrication and heat
dissipation. One of the components of the transmission losses is
the churning losses, that is the loss of power due to the resistance
exerted by oil on gears. Churning losses have to be minimized, while
lubrication issues and overheating affect the functionality of the
system and must be avoided. For this reason, after the first design
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phase of a gear box, a prototype is tested to verify lubrication and
heat dissipation. In these tests, lubrication can only be “measured”
in a qualitative way by visually looking at the oil distribution on
the gear box external walls. Quantitative measurements, like oil
flow rate to the bearings, cannot be acquired and oil distribution
in the internal volumes cannot be even visualized. When the tests
give negative feedbacks, due to insufficient lubrication or due to
overheating, a new design and prototyping iteration has to be done,
usually in a trail-and-error manner, until targets are reached. This
process takes time and resources and finding the right solution
is usually based on experience. In order to make this process
faster and more efficient Comer Industries, an Italian manufacturer
of transmissions systems, decided to test a new design process,
that integrates fluid-dynamic simulation in the early stages of the
design.
The aim of this methodology test is not only to verify the feasibility
and accuracy of the simulations, but also to understand if the
simulation process could fit in the design phase of a real gear
box. This phase lasts between 2 and 3 weeks, its aim is to produce
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Figure 3 - Oil distribution on the upper cover of the gear box during a lab
test at Comer Industries.

the first design of the gear box and in this phase fluid-dynamic
modelling is expected to simulate and compare the performances
of at least 3 designs, in order to select the best one for physical
prototyping and testing.

CFD modelling of a gear box using Moving
Particle Simulation (MPS)
The object of the modelling and simulation activity is a two speed
reduction gear box, that is part of the rotor drive transmission
change for a forage harvester machine. The gearbox has to work
Figure 4 - Oil distribution in the gear box, comparison of the original design (left) and new
design of the housing (right). Oil reaches the upper cover and drops down on the gears
in a very wide range of rotational speeds and torque and a good
lubrication for all rotating components
less nature of the CFD solver allows to easily
is mandatory to avoid failures and
account for the effect of moving walls or bodies
overheating issues. The aim of the
on the fluid flow, without the complexity and effort
design and simulation process is to
of managing mesh movements, deformation or
change and adapt the external housing
overset, and without even involving the mesh
of an existing gear box to the new
generation for complex geometries like in the
requirements of the final customer of
case of a gear box. A semi-implicit algorithm is
Comer Industries. The lubrication of the
employed in the MPS method [4]. When solving
new design has to be at least as good
a free surface flow the MPS method accounts
as the one of the previous design of the
for the effect of surface tension, calculates freehousing. The modelling and simulation
activity is defined in two phases, the first
surface fragmentation, droplets break-up and
coalescence.
one aims at a qualitative comparison of
the lubrication performances of the old
and new designs of the housing, the
Comparison of lubrication efficiency
second phase aims at investigating the
for two designs of the housing
effect of design changes or operating
Figure 2 - MPS model of the speed reduction gear box The first step of the simulation process is to
conditions changes on lubrication.
compare the original and new designs of the
Figure 1 shows the two speed reduction with the initial oil volume at the bottom.
gear box with the input and output axis
housing in terms of oil distribution. The key factor
when evaluating oil distribution and lubrication is the fact that oil,
and the four gears. The CFD model is set-up using the software
initially located at the bottom of the gear box (Figure 2) has to be
Particleworks that is based on the Moving Particle Simulation
lifted up by the lower gears to the upper ones. The upper gears
method. This is a mesh-less CFD method, that allows the simulation
will then lift up again the oil to the upper cover of the housing. Oil
of incompressible single-phase and multi-phase flows. In the MPS
will then move on the cover wall driven by the rotational effect of
method fluids are represented by particles. Governing equations
the gears and it will drop down from the cover, thus lubricating
are expressed by conservation laws of mass and momentum. The
gears and bearings through dedicated channels that collect oil by
Navier-Stokes equations are discretized by particle interaction
gravity. This process and the lubrication efficiency was verified
models and solved with the Lagrangian methodology. The mesh-
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experimentally for the original design of the housing by Comer
Industries. Figure 3 shows the top view of the original gear box
with a Plexiglas wall that replaces the upper part of the prototype.
Figure 3 shows the Plexiglas wall covered with oil. This means
that the action of the gears is capable of lifting up the oil to the
upper wall and demonstrates that the lubrication is acceptable. The
Moving Particle Simulation (left side of Figure 4) shows the same
behaviour and the same oil distribution on the cover wall of the
original design of the housing. This is a first qualitative validation
of the CFD model. The same type of simulation is carried out on the
new design of the housing. Figure 4 shows that the new and original
designs of the gear box have the same oil behaviour. The results
of the two simulations show oil on the upper cover of the housing
and oil droplets falling on the gears and entering the channels
that lubricate the bearings. The conclusion of this first simulation
phase is that the new design gives the same level of lubrication of
the original one and that no macroscopic modifications has to be
applied to the new housing.
The simulation process of the Comer Industries gear box with the
MPS method takes less than one week to simulate 5[s] of physical
time. The time needed to let the flow develop and to evaluate
lubrication is between 3 and 5 [s]. The simulation time on 4 cores
is 7.9 [days] using the software Particleworks version 5.2.0 (Table
1). The use of parallel calculation on 8 cores allows to halve the
simulation time, 4.1 [days], while the use of GPU reduces the
simulation time to 27 [hours].

models. This aspect together with the simulation time shown in
Table 1 allowed Comer Industries to understand that the simulation
process could fit in their normal design process and could allow
to compare the performances of at least 3 different designs in 2
weeks.

Investigation of the effect of design changes
and operating conditions changes on lubrication
After the qualitative validation of the MPS model and the comparison
of the original and new housing, the focus of the study moves to
the effect of design changes of the lubrication holes located on the
gears and on the effect of the initial oil level. In some cases Comer
Industries uses inclined holes on the gears instead of radial ones.
Holes are inclined according to the rotational direction, so that,
in theory, they should increase lubrication with respect to radial
holes by enhancing the capture of oil during gears rotation. This
phenomenon cannot be verified on real prototypes, because it is
impossible to measure the oil flow rate through these holes.
The CFD modelling allows instead the calculation and comparison
of oil flow rates for different inclinations of the holes. The simulation
of different geometries shows that the hole inclination can increase
the oil flow and lubrication of the system as visible in Figure 6, that
compares the average oil flow rate in the lubrication holes when
their direction is radial or inclined. The inclined holes in some
locations increase the flow rate by more than 100% with respect to
the radial holes.

Another factor affecting lubrication is the oil volume in the gear
box. Reducing the oil volume can reduce the churning losses and
increase the transmission efficiency, but it could negatively affect
lubrication. For this reason Comer Industries decided to simulate
the effect of a 20% reduction in oil volume, from 2.0 litres to
1.6 litres. Figure 7 shows that the 20% reduction in oil volume
produces a 74% reduction in oil flow rate at the lubrication holes
located on the gears. Hence the oil level cannot be reduced below
a certain threshold without changing the oil pattern in the system
and without affecting lubrication.
Validation of churning losses
The churning loss is the torque exerted by the fluid on the gears and,
like the oil flow rate, it cannot be measured during experimental
tests, but it can be calculated by the MPS simulation. Figure 8
shows the churning losses calculated on the 1st speed output gear.
The average value calculated by the CFD model after the initial
transient period is in line with Comer Industries estimations. In
order to fully validate the churning losses calculated by the MPS
method, after the study of the two speed reduction gear box, a
new and simpler geometry with one single gear is simulated, and
the calculated churning losses are compared to the experimental
data, that are available for this simpler geometry. The gear box
with the single gear and the oil pattern at 500 rpm are shown in
Figure 9. Figure 10 shows the total torque acting on the single gear
and the torque components due to oil viscosity and pressure. The

Table 1: simulation time using CPU-4 cores and GPU K40
Simulation time [days] using Particleworks 5.2.0
Simulated physical time = 5.0 [s]
Particle Size
1.2 mm

CPU - 4 cores and 8 cores

GPU NVIDIA Tesla K40

Intel Core i5-2400 - 3.10GHz

Intel Core i7 - 5930K - 3.50GHz

7.9 [days] on 4 cores

1.1 [days]

4.1 [days] on 8 cores

The time needed to set-up the MPS model starting from the CAD
geometry is less than 1 hour. This is the time needed to import the
CAD geometry, set-up the rotational axis and speed of the gears,
set-up oil properties and level and select the proper numerical

Figure 5 - Lubrication hole on one of the gears, the inclination of these holes according
to the rotational direction can increase the gear lubrication.

Figure 7 - Oil flow rate through the holes located on the gears, comparison between oil
volume 2 litres and 1.6 litres.

Figure 10 - Test case with single gear ina squared gear box: total torque (red line),
viscous torque (green) and pressure torque (blue).

delta between the total torque calculated with the MPS method
and the experimental churning losses is 10%. This last quantitative
comparison allowed to complete the validation of the MPS method.
Conclusions
The prediction of oil splashing phenomena, lubrication and
churning losses during the early stages of the design of
transmission systems brings benefits in terms of optimization
of transmission performances, reduction in number of design
reviews and prototypes. While the benefits are clear to all the
industrial players in this sector, feasibility of fluid-dynamics
modelling has been the main limiting factor to the adoption of
simulation. For this kind of applications the feasibility of CFD
simulation is mainly associated to the geometrical complexity of
the transmission systems, to the management of the mesh and to
the solution methods adopted by traditional mesh-based solvers.
The bottlenecks due to the geometrical complexity and due to the
management of the computational grid are removed by the meshless particle based methods, like the Moving Particle Simulation.
The application of this methodology allows to reduce the time
needed to set-up the CFD model from 2-3 weeks of a mesh-based
software to 2-3 hours or less. Moreover, the semi-implicit scheme
applied by MPS for time integration reduces the computational
time and resources needed to run the simulations, also thanks
to the exploitation of GPU calculation. For the Comer Industries
case, this means that the simulation process based on the Moving
Particle Simulation fits in the standard design process
and allows to select the best design of the system by
comparing at least 3 configurations in about 2 weeks.
The benefit is that most likely the solution selected
for prototyping will have no lubrication or overheating
issues, with a positive impact on development cost
and time to market.
Salvatore Ruffino - Comer Industries
Ragnar Skoglund, Massimo Galbiati - EnginSoft

Figure 6 - Oil flow rate through the holes located on the gears, comparison
between inclined and radial holes.
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Figure 7 - Oil flow rate through the holes located on the gears, comparison
between oil volume 2 litres and 1.6 litres.
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Figure 9 - Test case for churning losses validation, single gear in a squared gear box
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For more information:
Massimo Galbiati, EnginSoft
m.galbiati@enginsoft.com
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The Hydrosystem Calculation Engines
As it was discussed in the previous article, to analyse a piping system,
it is necessary to mathematically simulate its behaviour on three scale
levels – pipe cross section, pipe/branch run and whole piping network
– and intelligently link and solve these models together. This is also
the case for flow analysis.
At the cross-sectional scale it is necessary to define the type of fluid
flow (laminar, turbulent, sonic or subsonic or supersonic, flow pattern
for multiphase flow – stratified, annular, intermitted, etc.), and the
specifics of heat exchange between fluid and environment through
pipe wall and thermal insulation. These knowledge is then used
when calculating integral parameters of the flow and heat exchange
(pressure gradient, heat losses per length, etc.).
All these are controlled by a number of dimensionless parameters
(Reynolds, Froude and Mach numbers for the flow; Nusselt, Prandtl
and Grashof numbers for heat exchange; Kutateladze and many other
parameters for multiphase flow). To calculate them, fluid properties
or properties of liquid and gas phases of the fluid, in multiphase
flow case, are needed. To get them quickly for the wide spectrum
of fluids and applications, access to a very powerful thermodynamic
engine, allowing to calculate all necessary fluid properties and phase
equilibrium on the base of fluid composition, is a “must have”
software component. And such thermodynamic engine is available in
Hydrosystem!

Hydrosystem
the PASS to Piping Flow Analysis
The PASS software suite for piping analysis was introduced in a
previous issue of the EnginSoft Newsletter. This article presents a
closer look at its piping flow analysis solution – Hydrosystem software.
This year Hydrosystem celebrates its 40th anniversary. In 1977 the first
release delivered simple process piping flow analysis for the refining
industry. This first version was tested and recommended for usage by
I.E. Idelchik (the author of “Handbook of Hydraulic Resistance” – a
reference book for generations of modern piping hydraulic engineers),
and the software started its evolution to what now is one of the most
powerful piping flow analysis tools while offering an ease-of-use
enabling access to simulation for “regular” engineers.
Hydrosystem provides steady state piping flow analysis for flow of real
liquids, gases and their multiphase mixtures. It also covers the most
dangerous type of transitional flow – liquid surge (waterhammer).
Process and piping engineers of more than 600 companies use the
software now every day for sizing and design of different types of
pipelines.
Application Areas
The largest part of these pipelines (up to 60%) are process piping
systems at plants, storage facilities, pumping and compressor stations
in many different process industries: refining, petrochemical, gas
processing, chemical, biochemical, power, metallurgy, mining, water
treatment, cryogenic, food, beverage, pharmaceutical, pulp & paper,
etc. Hydrosystem also helps to design different plant utility piping
systems: steam, cooler and hot water, fire water, compressed air, inert
gases, fuel, refrigerants and others, as well as piping in mechanical
industries (aerospace, ship building, boiler, turbines, etc.). Its use for
analysis of Oil and Gas upstream and midstream pipelines (onshore
gathering piping systems and trunk pipelines) is growing rapidly and,

26 - Newsletter EnginSoft Year 14 n°3

last but not least, many engineers successfully utilize Hydrosystem
for outdoors piping networks – including district heating, water and
gas distribution.
Initial and Detailed Design
It is worth to note that piping flow analysis is a natural part of two
different stages of industrial design – but it is used for different
purposes on these stages.
During initial design (feasibility study, FEED or basic design), when
precise piping geometry isn’t known, the designer needs to make
basic estimation and sizing of all piping for all operational regimes:
what are possible pressure drops, heat losses, flow patterns; what is
optimal piping nominal size; where and what kind of valves, pumps,
heat exchangers and other equipment need to be installed.
At the detailed design stage, highly complex and mission critical
piping systems have to be analysed with exact geometry to carefully
check how the piping will work under real conditions. Transitional
(e.g. waterhammer) analysis also has to be performed on this stage
to define rules for operation and to select protection devices/arrestors
(if necessary). Such analysis in the detailed design phase is usually
performed along with piping stress analysis, and sometimes several
cycles of redesign and hydraulic/stress analysis are necessary to fit all
conflicting demands of safety and flow requirements. This is typical,
for example, when designing transfer lines from heaters to columns in
refining and petrochemical industries.
Hydrosystem can be effectively used on both of these stages. It allows
to do rough/simplified calculation and sizing, with minimum of known
data, very quickly. At the same time, it can perform very detailed
analysis of large piping systems of any complexity, taking into account
all available data.
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Thermodynamic Libraries
Hydrosystem works with multiple powerful thermodynamic libraries
which are either embedded in the program or delivered as add-on
software. The embedded STARS library (originally developed for
refining and petrochemical processes fluids) calculates properties
and phase equilibrium for more than 1600 pure compounds and
different petroleum fractions and their mixtures. The also embedded
WaterSteamPro library provides calculation for steam/water properties
according to the latest formulation of the International Association
for the Properties of Water and Steam (IAPWS) . The software further
includes the most advanced natural gas GERG-2008 thermodynamic
library developed by Prof. Dr.-Ing. Wolfgang Wagner and his
colleagues (Germany) .
For the most demanding customers one of the world’s best
thermodynamic libraries – Simulis Thermodynamics from our partner
ProSim SA (France) - is proposed as add-on product. The library
contains data for more than 2300 pure compounds from AIChE’s
DIPPR database and provides an impressive spectrum of modern
calculation methods for properties and phase equilibrium calculations
for these compounds and their mixtures. It can be used for fluids in
chemical, biochemical, cryogenic and many other industries, and
seamlessly integrates and works with the Hydrosystem software. As
for gas hydrate deposition prediction (in Oil and Gas industry), the
program proposes a seamlessly integrated Hydrate Open Structure
library from PVTSim by Calsep A/S (Denmark), one of the world’s
most recognized software for oil properties prediction.
With all fluid (and pipe wall and environment) properties known, it is
possible to calculate integral parameters for liquid or gas flow. Friction
factor is calculated according well-known equations describing
Moody diagram: Poiseuille equation for laminar flow and ColebrookWhite equation (in different forms) for turbulent flow. Non-isothermal
flow is appropriately corrected for non-uniform distribution of fluid
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temperature and properties across pipe section are also taken into
account. An efficient total heat transfer coefficient is calculated using
classical equations and it incorporates heat resistance of thermal
insulation layers, pipe wall, soil (for buried pipelines), as well as
“inner” and “outer” heat transfer coefficients (for heat transfer between
fluid and pipe wall, and between pipe wall/insulation jacket and air).
The inner heat transfer coefficient is calculated using PetukhovGnielinski correlation, and the outer one is taken or calculated
according national standards or recommended correlations (which
are more or less similar on this issue).

Fig 1. Flow patterns. Zone of
Severe slugging is also shown

Fig 2. Flow pattern map in superficial velocities of phases

Multiphase Flow
In the case of multiphase flow, the situation becomes much more
complex. It is necessary to define the whole “point model” on this
scale level, which should include algorithms to define flow pattern,
void fraction (or liquid holdup or slip ratio – as liquid and gas phases
can flow with different velocities), pressure gradient and inner heat
transfer coefficient, and there are hundreds of different empirical or
semi-empirical equations proposed for their prediction under different
conditions. Hydrosystem includes sets of the most popular classical
correlations for all these tasks. For example, it can determine flow
pattern using Taitel-Dukler-Barnea and Petalas-Aziz mechanistic
models and show the results on a 3D piping model (Fig. 1) and as
a phase superficial velocities diagram with regions corresponding
to different patterns (Fig. 2). It can calculate void fraction using
Homogeneous Equilibrium Model (HEM), Chisholm, Smith, Premoli
and different drift flux correlations, and calculate friction pressure drop
gradients using HEM and different variants of two-phase multipliers
methods (according to Lockhart-Martinelli, Chisholm, Friedel or
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Fig 4. Parameters controlling
automatic TUFFP closure relations
selection
Fig 3. Manual TUFFP closure relations selection

MSH). Moreover, Hydrosystem provides a way for users (via XML
setting files) to define for the program which correlation to select
depending on conditions of flow parameters. Hydrosystem already
contains a set of such setting files created for typical gas-liquid flow
cases.
The latest versions of the program also include one of the most
advanced two-phase gas-liquid flow models: TUFFP Unified model,
developed by the Tulsa University Fluid Flow Project (TUFFP )
research group, which was formed by and works under supervision of
the renowned multiphase flow researcher Dr. James P. Brill. PSRE Co
is a member of TUFFP, co-finances its activity and has access to all
results of its R&D.
TUFFP Unified model is very powerful and effective, but it uses a
number of additional closure relations for specific two-phase flow
parameters (interfacial friction factor, entrainment, wettability, slug
holdup and others). To get best results from the model, the most
suitable correlations should be selected for calculation of each
parameter in each specific case. Of course the user has the opportunity,
in Hydrosystem, to make this selection manually himself (see Fig. 3) –
but it is impossible to expect him always to be an expert in multiphase
flow. So, with the help of a database of experimental flow results from
TUFFP, Hydrosystem now provides Artificial Intelligence like support
to automatically select the most appropriate combination of closing
correlations for specific flow parameters of user’s pipeline (Fig.4).
This very interesting project was reported at the CAE Conference 2016.
An important issue on the first scale level is minor losses. For such
usually “3D-compact” pipelines as process piping, the sum of these
“minor” losses (on elbows, tees, reducers, valves and other local
elements) can often be up to 50% of the total pressure drop! So it
is very important to calculate minor losses accurately. Hydrosystem
uses all available sources of information to do this, starting from
Idelchik’s “Handbook of Hydraulic Resistence”, cross-checked
versus and complimented by Miller’s “Internal Flow Systems”, ESDU
documents, Crane TP 410, classical experimental articles by Ito,
modern experimental studies. Additionally, most popular equations
by Chisholm, Morris, Simpson, Friedel and other researchers are
used for minor losses in two phase flow cases. Nevertheless, there
still are some holes in scientific knowledge on this issue, so PSRE Co
carefully follows up modern development and pushes colleagues and
partners for additional investigations.
On the second level of scale the change of fluid and flow parameters
along the pipe is described by a system of ordinary differential
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equations which are derived from mass, momentum and energy
balance equations. In fact they are an extension and generalization
of the Bernoulli, in combination with Darcy-Weisbach, equation for
different fluid and flow types. But Hydrosystem also takes into account
the change of fluid properties along the pipe with the change of its
thermodynamic parameters (pressure, temperature, enthalpy, and/or
entropy) and even the change of mass gas fraction and compositions
of liquid and gas phases. This ensures that it always considers, for
example, the Joule-Thomson effect for real gas flow, as well as some
other specific thermodynamic effects.
As the calculation of fluid phase equilibrium and properties can be a
resource-consuming task, it is sometimes more effective for numerical
integration to rewrite equations based on derivatives by distance
along the pipe, to equations based on derivatives via thermodynamic
parameters (pressure or temperature). This is already a familiar idea
for process engineers since a long time (see for example the classical
book of Prof. R. Darby “Chemical Engineering Fluid Mechanics”), even
though it was not fully implemented for general cases (real gases and
real two-phase flow). So PSRE Co derived correspondent equations,
researched and reported them (on AIChE conference and CAE
Conference 2016) and used them in Hydrosystem. The applicability of
our research is manifested by the results being in the latest 3rd edition
of Prof. Darby’s book.
On the 3rd level of scale it is necessary to simulate the whole piping
system as a network. The key problem (for the steady-state flow)
on this level is a flow rate distribution calculation. One of the most

Fig 6. 3D scaled Solid model representation

Fig 7. 3D single line PFD-like simplified network representation

Fig 5. Topology network analysis. Parts of complex network bounded by control valves

effective modern methods – Global Gradient Algorithm (GGA) by Prof.
Ezio Todini (University of Bologna, Italy) – is used in Hydrosystem for
this purpose. PSRE Co successfully extended this method for usage in
cases of non-isothermal and even two-phase flashing and condensing
flow (and are going to report on this issue on CAE Conference 2017).
Hydrosystem also uses a special proprietary algorithm for piping
network full or partial sizing (pipe nominal size selection). The
program also calculates very complex networks with flow rate control
elements and helps users to analyse those networks with visual
topology analysis features (Fig. 5).
For surge module the software implements classical method of
characteristics (MOC), using Riemann invariants and explicit numerical
method. It also considers possible cavitation during transitional flow,
taking into account both, column separation effect and distributed
vaporous cavitation.
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Outstanding Ease-of-Use
As outlined above, the calculation engine of Hydrosystem is very
powerful, covering a broad range of requirements and is based on
the results of the latest scientific research. But the end user doesn’t
have to think about all these advanced details, which are under the
hood – he needs to get, analyse and report the results as quickly and
easily as possible. With Hydrosystem he has a tool available to meet
these needs.
Hydrosystem has very friendly GUI and lots of options to exchange
data with other software in order to simplify piping simulations. As
Hydrosystem can work with a large spectrum of pipeline types on
different stages of design, it offers unique multi-variant graphical
representation of the model. The program can switch between
different modes and level of detail (PFD/P&ID – like unscaled scheme
with regulated level of detailing; 2D scaled distributed networks
on background map; single line or solid 3D scaled or unscaled
representation for process piping) depending on what is suitable for
a specific design phase and pipeline type (Fig. 6, 7). The results can
be viewed as color maps, animations (for surge calculation), easy-toanalyse tables as well as user-customizable reports in PDF, MS Word,
MS Excel and other formats.
Openness – Data Exchange
The piping geometry can be imported into Hydrosystem via PCF
format from different 3D graphical design systems, including almost
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all popular 3D plant design systems (Intergraph SmartPlant 3D and
CADWorx, Bentley OpenPlant and AutoPLANT, Autodesk Plant3D, CEA
Plant4D, Cadison by ITandFactory, TRICAD MS by VenturisIT, and
others), as well as many 3D mechanical design systems (Solidworks,
Inventor, Unigraphics, etc.). The program also imports piping geometry
from AVEVA PDMS and E3D systems. And the customer can support
import from his own software via special XML file format. Plus the
program also supports bi-direction interface (import and export) with
PASS piping stress analysis software – START family of programs.
Hydrosystem also delivers unique opportunity for customers who need
to select pumps for their piping systems. The seamless integration
with famous Spaix software (by our partner VSX – VOGEL SOFTWARE
GmbH, Germany) allows to forward all necessary data (duty point data,
fluid properties, restriction on NPSH) to Spaix by push of a button,
to select the optimal pump (with all optimization features – impeller
trimming, changing the rotation speed, changing blade angle of
propeller pumps etc.) and by push of a button to forward all selected
pump’s curves back to Hydrosystem for final calculation. Moreover,
the lite (Quick & Easy) version of Spaix is available free of charge
along with Hydrosystem.
Product Roadmap
The upcoming major “Anniversary” version 4.0 of Hydrosystem is
now in the testing phase, with plans to demonstrate it at the CAE
Conference 2017. This version includes several major features asked
for by PSRE Co customers: analysis of any complex piping system
with two-phase flashing/condensing flow, severe slugging prediction,
advanced copy/paste group operations, improved surge module with
faster calculations and improved processing of cavitation. Many more
improvements are under development now and will become available
in following versions.
The directions and priorities for the Hydrosystem development team
are defined by the needs of our customers. Please contact the team
(via our partner EnginSoft) to join the family of PASS customers and
your needs will become priorities for PSRE Co.

Leonid Korelstein - PSRE Co
For more information:
Livio Furlan, EnginSoft
l.furlan@enginsoft.com

PSRE is Sponsor of the
International CAE Conference 2017
www.caeconference.com
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Increasing passive safety performances using
an automatic CAE methodology

Development of an integrated tool able to optimize the geometric
features of a door trim and the restraint system setup

In Euro NCAP’s test, a car is propelled sideways at 32km/h against a
rigid, narrow pole. A single average male side impact dummy is placed
in the driver’s seat. This is a very severe test of a car’s ability to protect
the driver’s head. As the loading on the car is so localized, deformation
can be very high and the pole can penetrate deeply into the passenger
compartment. Without effective protection, the pole would strike the head
resulting in serious injuries.
In the analyzed model head protection airbag (curtain airbag-CAB) and
seat-mounted airbag (SAB) have been used.
Model description
The complete full scale model consist of about 1.8 millions of nodes
and 1250 parts. Multiple material models are used: steel, thermoplastic,
foam, rubber and fabric.
The model is managed using several include files in order to be modular
and to easily change the main assemblies.
The main include files are: car (without door); door; seat; dummy; SAB
airbag; CAB airbag.
The door FEM model is maintained as separate file as the goal of this
activity is to change the protective foams shape and materials, the
geometric features of the door trim, and study the effect on the dummy
injury. Related to the airbags, hybrid inflation models have been used;
they give the possibility to manage the porosity and permeability of the
fabric materials and the output mass flow though the venting holes.

In the automotive industry, safety requirements are more and more
stringent leading to engineering challenges in finding the best tradeoff
between crashworthiness performances, structure weight, design and
production costs.
The goal of the activity is to develop an automatic optimization work flow
for a car door. The final objective is to fulfill the safety requirements and
obtain the best rating in the pole test. For this purpose, the door geometry
has been parameterized by means of the morphing tool available in ANSA.
All the crashworthiness performances were investigated with LS-Dyna.
The work flow has been efficiently handled by modeFRONTIER which
manages also the definition of all the designs of experiment (DOEs),taking
into account a variety of algorithms. Both geometrical modifications and
material characteristics’ variations play an important role in how the
impact energy is absorbed by the door and, therefore, how the passenger
safety can or cannot be guaranteed. The methodology developed in this
work provide not only an effective improvement of the car door design in
terms of passenger passive safety, but also a robust and reliable procedure
which can be applied on similar cases.
Introduction
Engineers have to design cars and safety devices appropriately, not just
to overcome homologation tests in an optic of “design for testing”, but
rather with a vision oriented to people’s safety, that we could call “design
for safety”. The market is susceptible to safety aspects and to be the best
in class in terms of safety performances is a recognized added value for a
car model. Therefore, the main goal of this activity is to study a door trim
which provides passengers protection in case of lateral impact.
At this step of the project, usually the structural parts of the door are frozen
and the design is focused on plastic trim and, if present, foam absorber in
the inner door volumes.
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The engineers are typically strongly limited by the trim design since
every technical solution has to be validated by the style centre. Feasible
modifications have to be discussed before to start the activities because
they affect the geometrical parameters range of variations.
LS-DYNA is the most common SW tool for crashworthiness analyses. In
the presented methodology it has been coupled with ANSA, a powerful
pre-processor with a robust morphing tool; the optimization has been
managed by modeFRONTIER, on the edge technology for process
automation and design optimization.
The current paper will show the main aspects regarding the development
of an automatic approach to lateral crash performances optimization.
Test description
Some side impacts involve a vehicle travelling sideways into rigid
roadside objects such as trees or poles. Often this is the result of a loss
of control on the part of the driver, owing to speeding, misjudgement of
a corner or because of a skid in slippery conditions. Such accidents are
severe and the frequency of death or serious injury is high.

Model reduction
In order to save CPU time and provide faster results suitable for an
optimization a sub-model has been created to return the same result of
a full scale model. The idea is to record the motion from the full scale
model and apply it the to the sub model as prescribed motion.
This method is named “Interface method” and allows the engineer to
consider mass and inertia of a complete vehicle despite the use of a
reduced model. Some keywords implemented in LS-DYNA code makes
this easier, in particular:
- *INTERFACE_COMPONENT_NODE to store the displacement
- *INTERFACE_LINKING_DISCRETE_NODE_SET to apply the
displacement.
Particular attention has to be paid in choosing the part to extract the
motion; summarizing, the motion has to be recorded in the left side body
and the interface zone between the under body and the seat attachments.
All other parts are deformable and free to move, but since they are
connected to the prescribed motion parts, to react in the full scale
simulation. The reduced model consist of 700k nodes and 500 parts,
therefore about 2,5 times smaller.
In terms of CPU time the full scale model ran in 16 hours @ 16 cores,
while the reduced one ran in 10 hours @ 8 cores.

Model parameterization
Traditionally, to find the best geometric shape of door trim, the user
has to import the model in the pre-processor and follow a cumbersome
procedure made of several manual steps. They consist of translating
elements, projecting nodes, reshaping parts, regenerating the mesh
elements and submitting a new simulation.
After the numerical analysis, the user has to post-process the results and
decide the new configuration to be tested and repeat the procedure again.
In order to optimize the door design, a different approach has been applied
in this study and is based on the parametrization of the geometry.
This step of the whole project has been carried out with ANSA preprocessor and, more precisely, the Morphing Module coupled with the
Optimization Task have been intensively used.
The first one provides the user with two different strategies for the definition
of design actions that can affect not only the shape of specific areas and
geometrical features but also the associated materials.
Thanks to the options available in this module, it is possible to modify
all the parameters that characterize a material such as density, Young
modulus, stress vs strain curves and others.
One approach consists of using entities called morphing box which
can be quickly created and easily adapted to the geometry. This way,
all the design actions applied to the morphing box, such as extension,
translation, offset etc. reflect on everything (faces, shell/solid elements,
connections, constrained elements etc.) loaded into it.
The other possible procedure, called direct morphing, does not require to
apply specific entities and allows the user to directly select what will be
affected by the design action. Of course, all the entities that can be loaded
into a morphing box can be handled in this case as well. Both strategies
have been applied during this study.
A morphing parameter has been created for each previously defined design
actions (Figure 3), so that the whole model is eventually parameterized.
The coloured areas refer to the portions of the model that will be modified
through the direct morphing technique, taking into account a fixed
direction (yellow arrows).

Fig.3 - Morphing parameters

The ‘Optimization Task’ has been used for combining the parameters and
defining different DOEs (Figure 4). This tool, indeed, allows the user to
set up the design variables and specify for each of them the type (real,
integer, string) and the range of values they can assume (bounds, step,
list). Thanks to the ‘Optimization Task’ it is possible to create different
configurations (Figure 5 and 6), to perform the mesh quality check and to
export a ready to run file.
Fig.1 - Euro NCAP Side Pole

Fig.2 - Model reduction
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Fig.4 - Optimization Task layout / Fig.5 - Ribs Traslation

the task manager contains all the morphing operations as well as
the sequence to be performed, it can be automatically managed by
modeFRONTIER. In the presented work, some of input variables are the
morphing operations, so a change in the value implies a modification of the
door trim shape. After that, the door elements are generated, renumbered
and exported by using scripts (programming language instructions).
By means of the “mynode plugin” it is possible to invoke both the LSDYNA solver that submits the analysis and LS-PrePost that reads the
output files and generates further result files suitable for modeFRONTIER
interpretation. Such results are values that modeFRONTIER handles and,
after some internal optimization process, modifies as modeFRONTIER
input variables to achieve the target outputs. Extracted values can be
also managed inside a calculator node where further operations can be
performed.

Fig.8 - modeFRONTIER workflow

Fig.6 - Armrest and lower pocket modification

Automatic post processing
At the end of each simulation, the user must decide whether the last tested
solution is better or worse than the previous one.
The dummy model is provided to accelerometers, beam/discrete elements
and load cells to extract the dummy injury criteria.
Using macros enables the engineer to automatically post process the
results in order to calculate the rating of the current configuration.
The software chosen for the post processing has been LS-PrePost, the
native LS-DYNA GUI.
Going forward on this project is expected to use META to execute these
tasks.

Fig.7 - Dummy instrumentation to extract injury criteria

modeFRONTIER integration
In order to perform the DOE/optimization, modeFRONTIER has been used.
modeFRONTIER is a state of the art multi-objective and multi-disciplines
optimization software.
The ANSA node in the modeFRONTIER workflow allows for ANSA files
containing the parametric door to be imported. As previously mentioned,
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Fig.9 - Overall Student Chart

Fig.10 - Pareto 4D Chart

By looking at the workflow in fig 8, it is possible to identify all the
processes. Starting from above it is possible to see the input variables
that are linked to the ANSA node; a transfer file is created and passed to
the LS-DYNA node. The support file folder, containing all files needed for
the simulation and for the post processing, also converges at this node.
Moving forward in the flowchart, the grey box named “PostProcessing”
can be seen, that is a clustering node containing the calculator and output
template. The extracted injury criteria are needed to compile the euroncap spreadsheet file in order to calculate the point related to that design.
Furthermore, this activity was made automatically using the open office
node embedded in modeFRONTIER. The extracted values are then copied
in the spreadsheet and the resulting score is used.
Results and Discussion
The optimization task has been divided into two steps: Design space
exploration (DOE) and optimization.
DOE is important for modeFRONTIER since it constitutes a base data
group for the subsequent optimization and also provides to the user an
understanding of the influence that links input and output parameters.
After the DOE, the optimization task is carried out and modeFRONTIER
has to decide which parameters are needed to be increased or decreased
to fulfil the targets (objective functions that have to be minimized or
maximized). In the current case, several outputs were studied in order to
guarantee a high safety level during testing. It is important to point out that
the complexity of the optimization task arises from the fact that objectives
usually oppose each other and therefore it is important to find a trade-off.
At the end of the DOE phase, it is possible to plot several graph such as
the following pie and bubble charts (Fig. 10). The Overall Student Chart
highlights, by means of pie charts, the influence of each input (slice) on
each output (pie). In this case it emerges that for the chest compression
objective functions, the most influence factors are lower pocket depth
(especially for the bottom rib) and armrest depth (mainly for bottom and
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is possible to consider only
the lower rib as the objective Fig.12 - Response surface methodology
to minimize, whereas peak
acceleration and abdominal force have to be maintained as separate
objectives. The DOE data is used to train a response surface for each
output; this meta-models permit to predict the output results without
running the real solver and in a faster way. The use of meta-models can
be very advantageous and can be applied even when little is known about
the problem. Is important to point out that predicted optimum should
be validated by a verification run with the original simulation model.
The training of rsm will be use in a virtual optimization that we will be
perform in a following task of this activity. Another very important tool for
decision-making is the Parallel Coordinate chart, which makes it possible
to display multivariable data. It is a useful tool for visualizing designs in a
particular range. For example, if a design variable value is unfeasible for
the supplier, the user can filter the value in the feasibility range and see
which designs remain. Another use is to look at an output and check out
which combinations of the input values fulfill the target.
Conclusion
The goal of the project has been to develop an automatic and integrated
approach to define the optimal shape of a door trim and the airbag settings.
The selected software have been proved to be the best-in-class in
their field of application and now are part of an innovative automatic
methodology suitable both in the concept phase than in the design phase
of a car or a complex structure in general.
Further development of the methodology are in progress and will be
presented at the CAE conference 2017 (http://www.caeconference.com/).

Fig.11 - Scatter matrix chart

middle). The upper chest compression is highly influenced from the
upper foam width. Talking about the head peak acceleration, the most
influence factors are the CAB and SAB time to fire settings and following
the venting diameters. The lower pocket depth has some influence on this
response as well. This output type gives the influence factor, but does
not indicate the trend, for example, if the value of an input variable must
increase or decrease to minimize an objective function. This can be done
by means of a bubble chart and the scatter matrix chart.
This chart allows the data in four dimensions to be represented. It can
be clearly noted that the best designs are those close to the Pareto curve
(best compromise abdominal force vs head peak acceleration), with the
lower bottom chest compression (colour close to blue) and with lower
middle chest compression (small diameter).
The scatter matrix enables the engineer to understand the correlation
among the objective functions. In this case the lower and middle rib are
strongly correlated, while the correlation factor of the peak acceleration
and abdominal force is close to zero. Thus, in optic of optimization it
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Fig.13- Parallel Chart
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Foiling A-Class Catamarans

The study here reported focuses on the geometric parameterization
strategy, adopting a mesh morphing technology based on
Radial Basis Functions (using the tool RBF Morph), and on its
integration within a multi-objective optimization environment
(managed by modeFRONTIER).

Application of Cutting-Edge Technologies
to Improve Sailing Performance
Multi-objective optimizations, combined with experienced aerodynamic
design, is the most efficient strategy to face challenging designs as the
improvements of fast foiling catamarans performances in regatta

“Foiling” is the term used to describe a condition in which a sailboat
is lifted up from the water by lifting surfaces. The solutions adopted
in the last America’s Cup class catamarans gave a strong impulse
to the evolution of smaller multihull classes. The A-Class catamaran
has benefited from these experiences and have shown significant
improvements in the last few years.
The A-Class is a small high-tech catamaran that is considered the
fastest single-handed racing dingy in the world. It has very simple
rules that stimulated a continuous technological evolution during the
years. Figure 1 compares an old 90’s A-Cat (top) with the winner of
the world championship 2016 (Figure 1).
In 2009 new rules were introduced with the (vain) attempt to penalize
flying configuration. The result is to make the foil dimensioning a
strongly constrained design problem for which efficient implementation
of multi-objective optimizations might represent the key strategy to
design configurations able to broaden the range of sailing conditions
in which flying boats are faster than conventional ones.
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Geometric parameterization
The geometric parametrization based on RBF mesh morphing
consists in implementing shape modifiers, amplified by
parameters that constitute the variables of the problem, directly
on the computational domain. New geometric configurations are
obtained imposing the displacement of a set of mesh regions
(e.g. walls, boundaries or discrete points within the volume)
by using algorithms, based on RBFs, that are able to smoothly
propagate the prescribed displacement to the surrounding Figure 2 – Fixed (red) and moving (green) source points of an RBF setup
volume. This approach offer several advantages: there is no
need to regenerate the grid, the robustness of the procedure is
preserved, its meshless nature allows to support any kind of mesh
typology and the smoothing process can be highly parallelizable.
The morphing action, furthermore, can be integrated in any solver
offering the very valuable capability to update the computational
domain “on the fly” during the progress of the computation.
The definition and the execution of a morphing action is, in RBF
Morph, completed by three steps:
setup – it consists in the manual definition, from the program GUI,
of the domain boundaries within which the morphing action
is limited to, in the selection of the source points where fixed
and moving mesh regions are imposed, and in the definition of
the required movements of the points used to drive the shape
deformation;
fitting – during this process, the RBF system, derived from the
problem setup, is solved and stored into a file ready to be
amplified. This operation has to be performed only once for
every RBF problem. Stored RBF solutions are very light (in terms
of files dimension) compared to storing all the created morphed
mesh;
smoothing – the smoothing action (surfaces and volumes morphing
according to arbitrary amplification factors) is first performed
applying the prescribed displacement to the grid surfaces and
then smoothly propagating the deformation to the surrounding
domain volume. It can be performed combining several RBF
solutions, each one defined by a proper amplification factor,
to constitute the parametric configuration of the computational
domain.

Figure 3 – Scheme of foils constraints

The reference geometry, that has been made parametric for the
optimization, was generated by two straight segments smoothly
blended in the junction region. The connection with the hulls is
located at the external side and both inner and outer segments are
oriented inboard. The foils segments are generated by a straight
untwisted extrusion of the well-known NACA 63-412 laminar airfoil.
The inner section is assumed to have a constant chord while the
outer is tapered.
Seven shape modifiers have been setup: four to control lengths
and angles of the foil segments (Figure 4), one to set the chord
of the inner segment, one for the taper ratio of the outer segment
and one to control the foils sweep angle. The last parameter is not
exactly a shape parameters. It is a trim that has a direct effect on
the horizontal angle of incidence of the foils. Its morphing action is
implemented as a rotation of the foils along an axis perpendicular to

Figure 2 reports an example (in this case applied to the sail of an
A-Cat) of an RBF problem setup.
RBF implementation and constraints definition
A-Class rules state that all foils have to be inserted from the top of
the hull (to prevent the adoption of T-foils) and that the minimum
distance between the tips must always be larger than 1.5 m (to limit
the span of surfaces contributing to the vertical lift). The maximum
beam of the boat, including appendages in all positions, must be
lower than 2.3 m. In order to insert the foils, furthermore, a minimum
value of the angle δ, assuming L-shaped foils, is required (Figure 3).

Figure 1 – Evolution of A-Cat in the last 20 years
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Figure 4 – Foils front shape modifiers
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segment is scaled according to an amplification factor that recover
the limits reported in Figure 3).
A multi-block structured hexahedral mesh was generated modelling
a domain extended up to ten meters upstream and downstream the
foils. Three levels of grid were generated (Figure 6) with the aim to
evaluate the sensitivity of the solution on the grid dimension. The
size of coarse, medium and fine meshes were approximatively 1, 7.5
and 25 millions of cells.

Figure 5 – Planform shape modifiers

the boat symmetry plane and passing near the hull/foil junction. The
morphing actions are applied in sequence and limited to a volume
surrounding the foils region.
Setup of numerical configuration
The operative conditions of sailing boats appendages depend on
the equilibrium of the forces and moments acting on the system. To
define the design conditions of the A-Cat foils, some simplifications
has been, however, adopted. The equilibrium of vertical forces is
assumed to be mainly dominated by the weight of the boat and the
crew. The modulus of the other components, derived from the 6DoF
equilibrium, varies in a range that is, in general, smaller than the
range of possible crew weight. It is then considered acceptable, for
design purpose, to assume a fixed target vertical component of lift
to be generated by the foils. Similar assumptions are accepted for
the side force since it is mainly limited by the maximum righting
moment generated by the helmsman at the trapeze (for a fixed known
centre of buoyancy and height of the sail centre of effort). The task is
to identify the shape of the foils that, while respecting the imposed
constraints and generating the required lifting force, minimize the
drag. The selected variables of design were:
1.
2.
3.
4.
5.
6.

total foil draft;
outer segment cant angle (angle δ of Figure 3);
angle of the inner segment respect to vertical;
inner segment chord (at constant thickness);
outer segment taper ratio;
foils sweep angle.

The amplification factors of the RBF solutions are defined combining
the design input variables in order to fulfil the constraints imposed
by the class rules (e. g. when the cant angle δ is modified, the outer

Figure 6 – Surface cells clustering for the three levels of grid
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Figure 7 reports the solutions obtained, on the baseline geometry,
with the three meshes in downwind configuration (VOF analysis
trimming the sinkage to maintain the vertical lift component
unchanged). The difference between the drag obtained with the
coarse grid and the drag obtained adopting the fine mesh is in
the order of 5% while the adoption the medium grid leaded to a
difference limited to half percent. The coarse mesh was the one
used in the optimization procedure.

Figure 7 – Solution of the grid sensitivity to dimension

Steady incompressible computations, using a volume of fluid (VOF)
technique to model the two-phases (air and water), were setup for
the downwind analysis. The boat was assumed to sail at a heeling
angle of five degree and at a speed of 15 knots. The sinkage was
iteratively trimmed to define the attitude that generates the target
vertical force. The total displacement was assumed equal to 170
Kg (empty boat weight plus crew). Considering around 30% of
this value to be generated by the T-foils of the two rudders, the
main foils were then assumed to contribute with the generation
of 120 Kg to the sustainment of the boat. The operative leeway,
that should be defined from the global equilibrium of forces and
moments acting on the boat, was, here, kept fixed to 3 deg. The
proper estimation of its value would have, in fact, significantly
increased the computational burden since it requires to introduce an
additional degree of freedom. The balance between the additional
computational cost and the impact this simplification is expected to
have on the optimization trend fully justifies, in our view, this choice.
The analysis in upwind sailing was performed at a speed of 10
knots and at a fixed attitude maintaining the computational domain
unchanged. One hull is flying while the other one is floating and
contributing to the sustainment. A single phase CFD analysis was
setup assuming the top inviscid wall boundary of the domain
(which, in order to partially account for hull/foil junction interference
effects, includes a shape similar to the immersed hull) to represent
the water free surface considered as planar (Figure 8). This
simplification force to neglect effects as ventilation or hull boundary
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layer interference introducing uncertainties on the
solution. It is, however, considered acceptable, for
optimization purpose, since the aim to estimate
the drag difference between candidate solutions is
prevalent on the necessity of an accurate definition
of the absolute value of drag. The missing drag
component of the hull is recovered by an analytical
formulation developed by a comparison with a
matrix of CFD solutions obtained on the isolated
demihull at several attitudes and displacements.
The lift fraction obtained subtracting the lift
generated by the foils from the boat operative
displacement is used to feed the hull analytical
drag model, whose output is added to the foils
drag fraction to estimate the total drag. The
accurate evaluation of the leeway angle is
considered to be important in upwind sailing
and adjusted by changing the inflow direction
on the far field boundaries. Its operative value is
estimated performing two preliminary analyses
at two angles and then linearly extrapolating
the final leeway angle at which the candidate
geometry should generate the required target side
force. If the target side force is not generated at
the expected angle, the selected configuration is
rejected because it does not perform in the linear
region of the aerodynamic lift polar. The target
side force (in our case defined equal to 70 Kg)
was estimated from the equilibrium of moments
around the sailing direction.

Figure 9 – Flowchart of the optimization procedure

only partially sustained by the foils. The drag component of the hull,
to be summed to the foils drag in the objective function, is evaluated
including in the modeFRONTIER environment a node that executes
the analytical hull drag model developed in form of a Scilab function.
The optimization algorithm adopted was the MOGA-II, a proprietary
version of the Multi-Objective Genetic Algorithm.

Figure 8 – Detail of the computational domain

Optimization procedure
A two-objective optimization procedure was setup. The defined
targets were the minimization of the hydrodynamic drag of the boat,
excluding the rudders, in upwind and downwind sailing conditions.
The workflow implemented followed the scheme reported in Figure
9. The starting reference geometry is updated each cycle, by the
morphing procedure described above, according to the design
variables selected by the decision making criterion. The candidate
evaluation is managed by a script procedure written in Scheme
language. The analyses in the two sailing conditions are performed
in sequence. The upwind analysis is run if the downwind analysis
was successful. In downwind sailing the boat is expected to be
fully lifted up from the water by the foils. Configurations not able
to generate sufficient lift are rejected. In upwind sailing, the boat is
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Solutions
The time elapsed to complete the evaluation of one valid design,
using the coarse mesh, ranged between 15 and 20 minutes on
a workstation equipped with 20 CPU. The time required for the
morphing action was less than two minutes. More than 400

Figure 10 – Pareto solution of the final two-objectives optimization
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evaluations were performed in three days. Among them about 40%
of the design candidates were rejected because of failure in the
minimum lift requirement criterion. The solution obtained is reported
in Figure 10. The green point on the Pareto front is the optimum
solution which was considered the best compromising design. The
red circle refers to the starting baseline geometry which was built
roughly referring to existing designs. The estimated drag reduction
in upwind sailing is 7% (hull plus foils) while in downwind is 7.9%.
The selected optimum was verified in downwind conditions (only)
using the fine mesh adopted for the grid sensitivity evaluation. The
RBF solutions were applied to the fine baseline grid (the method is
meshless) to obtain the fine mesh of the optimum geometry. The
analysis also allowed to verify if the evaluation of the improvement
is confirmed. The results of this verification is summarized in Table
1. The improvement was overestimated by only 0.24% confirming
the coarse grid, despite the lower absolute accuracy it involves, to
be suitable to correctly drive the optimization process toward the
optimum.
Table 1 – Performance improvement verification of the selected optimum
Mesh

Baseline Kg

Optimized Kg

Drag reduction %

Coarse

14.7

13.54

7.89

Fine

13.99

12.92

7.65

Conclusions
A design procedure, based on multi-objective optimization, has
been presented. The core of the method is the parameterization of
the geometry implemented by a mesh morphing technique based on
Radial Basis Functions. The foils of an A-Class catamaran have been
optimized at two sailing conditions. A multi-objective optimization,
using genetic algorithms, was setup within the modeFRONTIER
environment. The analysis of candidates was implemented by a
script procedure executed within the ANSYS Fluent CFD solver. The
target of design was the minimization of drag in the two operating
conditions.
An important conclusion concerns the evaluation of the geometric
parameterization strategy. Strongly constrained configurations
usually require the adoption of a CAD based procedure in order
to gain the required flexibility in implementing shape parameters

and constraints. The mesh morphing setup, by using RBF Morph,
implemented in this work demonstrated its capability to face complex
and strongly constrained parameterization problems providing the
possibility to exploit the several advantages associated to a mesh
morphing approach (no re-mesh required, high robustness, high
parallelizability, meshless properties). The possibility to combine
several RBF solutions and to define each amplification factor
according to any formulation able to account for external constraints
offer large flexibility in setting up complex combinations of shape
parameters. The high parallelizability feature, furthermore, extend
the potentiality of the method providing the possibility, within HPC
environments, to setup optimization configurations that involve large
computational domains. The workflow, furthermore, showed to be
very robust. The rejected solutions concerned only designs not able
to fulfil the requirement of sustain the boat in downwind sailing.
The optimization process led to a Pareto front on which a
compromising design, that improved the performance of a reference
geometry by 7% in upwind conditions and by 7.9% in downwind,
has been selected. The starting geometry was generated roughly
referring to existing designs. Further margin of improvements might
be explored enlarging the design variables space and including the a
irfoil in the optimization process.
In order to speed up the process, a very light mesh (less than one
millions of hexahedral cells) was used in the optimization workflow.
It was, however, observed a difference in the estimation of the
performance improvement of the selected optimum, comparing the
percentages of drag reduction computed using the coarse with a
very fine grid, of only 0.24%, indicating the adoption of a so coarse
mesh to provide a very efficient compromise between computational
costs and optimization trend evaluation.
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Marco Evangelos Biancolini - University of Rome “Tor Vergata”
Alberto Clarich - ESTECO
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Non-conventional configurations
for small satellite launchers
Small satellites (typically defined as those under 500 kg) are enabling
an immense diversity of measurements and observations with clear
prospects for developing a new, expanded, and timelier understanding
of our world. To date, the vast majority of small satellites have been
launched as secondary payloads, piggybacking off of larger satellite
launches, or shuttles to the International Space Station (ISS). Most
of the major launch service providers now offer secondary payload
launches as an option on many of their rockets, although a small
number have refused to participate. Secondary payload launch
mechanisms are truly a worldwide phenomenon.
Obviously, piggyback launches come with a number of caveats,
including launch date, deployment location, deployment mechanism
compatibility and payload restrictions. Therefore, the advantages of a
dedicated launch system would be several:
• Priority as primary payload
• Frequent flight opportunities
• Tailored to unique orbital requirements
• Personalized schedule
A dedicated launch system can then represent an interesting niche
market for industries and at the same time a great advantage in
terms of costs and launch schedules. Non-conventional launch
configurations such as balloon launch and airborne launch to orbit
have been analyzed focusing the attention on minimizing the initial
mass of the rocket.

Figure 11 – Free surface in downwind sailing by baseline (left) and optimum (right)
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Airborne satellite launch

Case History

Case History

Trajectory simulator
To simulate a suitable launch trajectory, it is necessary to solve the
equations of motion using a numerical method, that’s why a trajectory
simulator has been realized using Maple 2016.
Maple is a math software that combines the world’s most powerful
math engine with an interface that makes it extremely easy to analyze,
explore, visualize, and solve mathematical problems.
The simulator uses the function rkf45, which can solve numerically
ODEs with a Fehlberg fourth-fifth order Runge-Kutta method with

Figure 1 - Maple: the technical computing software for engineers and researchers

Newsletter EnginSoft Year 14 n°3 - 39

degree four interpolant, and it provides the launch trajectory once set
the support and rocket’s parameters. In Fig.2 is reported a sample
trajectory and how it has been traced using the software.

(T/W)0

gmax

φ

1.05

3.39

0.80238

1.1

3.45

0.80079

1.15

3.51

0.79778

1.2

3.59

0.79618

1.25

3.68

0.79602

1.3

3.75

0.79418

1.35

3.83

0.79164

1.4

3.92

0.78864

1.45

4.01

0.78638

1.5

4.11

0.78098

1.55

4.2

0.77538

1.6

4.27

0.77133

1.65

4.38

0.76758

1.7

4.46

0.76281

1.75

4.55

0.75823

Table 1 - Ground launch simulator results

Figure 2 - Example of trajectory calculated in Maple

Configurations analysis
Once set properly the simulator, launch parameters can be changed
in a certain range in order to assess how they affect the final result,
then evaluating the different configurations minimizing the booster
weight once set the payload. For the air-launch to orbit configuration,
it can be useful to consider aircraft from different categories in order
to have an idea of how the carrier’s performances affect the final result.
The initial thrust-to-weight ratio (T/W)0 and the slope ε are the main
parameters to be defined but, in order to compare properly the different
configurations, it is possible to consider only trajectories that are able
to reach a given orbit. A low Earth orbit of 200 km is considered, this
means that, once set the orbit altitude to be reached, the starting slope
ε is not an independent variable anymore but it is uniquely identified
by (T/W)0.
The initial thrust-to-weight ratio.is varied between a minimum value of
1.05 to a maximum of 1.7. Obviously when increasing it, the time to
orbit (namely the burning time) decreases; this leads to a reduction of
the propellant ratio φ=mf/m0 being careful not to exceed a maximum
structural acceleration of approximately 6g. Results regarding the
ground launch configuration are reported in Tab.1.

But when turning to dimensional analysis, structural efficiency
is considered too, and it takes into account the dimensions of the
propulsion system. Considering lighter payloads such as nanosatellites
namely 1 kg, Fig.3 shows how (T/W)0 affects the initial mass of the
rocket for different orbit altitudes.
It is possible to observe that there is a minimum for m0, that’s because
for low (T/W)0 the booster uses too much propellant gaining few speed
resulting into an heavier launcher.
The balloon launch configuration is similar to the previous one except
for the initial altitude; the balloon is able to reach higher altitude when
decreasing the mass, thus resulting into a trade-off between a higher
and a lower balloon’s altitude solution.
For the airborne launch configuration, there are different parameters that
need to be considered, namely the carrier aircraft’s flight conditions.
Obviously in this study only fastest attitudes are considered because
it would not be relevant to lower speeds near the stall one. It can
be noted (Fig.4) that flying at the fastest attitude possible implies a
big weight saving. Obviously flying at the maximum speed (i.e. about
8000 m altitude using a F-15 aircraft) means big losses due to the
pull up maneuver required before the first stage’s ignition, but this
disadvantage is quite little with respect to the higher initial velocity of
the rocket provided by the fastest speed of the carrier aircraft.

needs to be considered. Results for a LEO 200 km are shown in Fig.5
with a minisatellite payload of 100 kg weight.

carrier aircraft are represented by the operations and maintenance
costs that are determined from assumptions as to how the aircraft
will be operated. The main O&M costs are fuel, crew salaries, and
maintenance. For a typical military aircraft, the fuel totals about 15%
of the O&M costs, the crew salaries about 35%, and the maintenance
most of the remaining 50%.
In Tab.2 cost analysis for a nanosatellite launch is reported,
Configuration

Figure 5 - Minisat launcher at Vmax attitude

Cost analysis
A trade-off between costs and performance is always appropriate and
required by an engineering process, so a brief cost analysis needs
to be performed. This estimation is largely statistical and some
assumptions are made in order to carry on a qualitative analysis
comparing the different systems.
Considering the launch cost proportional to the mass of the rocket
Claunch α m0 it is possible to estimate the cost of the launcher per
booster’s kilogram assuming that the launch cost is almost equal to
the rocket one Claunch~Crocket thus obtaining Crocket/kgrocket =K
From statistical data it is possible to get an approximate value of
K~10000 $/kg that do not depend from the launcher’s type This
results into a rocket’s cost estimation Crocket = K*m0 where m0 is
the initial mass of the booster. Then, obviously, each configuration
presents its own associated costs.
The balloon launch configuration requires an estimation of the balloon
price; the total cost is thus Ctot,BL=Crocket+(Cballoon/Nlaunch) whit Nlaunch~5
representing the number of launches with the same balloon, that is an
index of the reusability of the system. The cost of the balloon can be
evaluated from the helium cost plus the material one.
For the airborne launch system, the cost estimation is far from
trivial; the total cost is Ctot,AL=Crocket+Caircraft where Caircraft depends
on the aircraft considered. In particular the costs associated to the

Rocket cost

Additional cost

Cost per launch

[103 $]

per launch [103 $]

[103 $]

Ground Launch

870

---

870

Balloon Launch

660

110

770 (-11.5% w.r.t. GL)

Airborne Launch (F-15)

550

190

740 (-14.9% w.r.t. GL)

Table 2 - Cost analysis

As of heavier payloads and higher orbit altitudes such as minisatellites
in a 300 km orbit, the airborne launch configuration can be performed
only with a B-1B carrier aircraft. A supersonic heavy bomber obviously
implies a smaller booster with respect to a ground launch but its
operating costs are very expensive. That’s why it is useful to evaluate
the difference in terms of O&M cost between other carrier aircraft in
order to compare it with the saving in initial mass of the rocket.
Conclusions
This research evaluated advantages and disadvantages of each
configuration in order to compare the energetic cost of the launch.
In particular the ground launch has no restrictions for initial weight or
orbit altitude to be reached and it can be used as a reference point but
it leads to higher total propellant consumptions; balloon launch can be
a good solution when dealing with nanosatellites such as CubeSats,
in fact they are able to provide an initial altitude of the rocket of
approximately 30 km (i.e. about 10% of the orbit altitude) with no
energy cost. Air launch to orbit obviously leads to lighter solutions;
For both the considered aircraft, it noted that providing a higher initial
speed to the rocket means lowering significantly the initial mass of
the rocket although it involves a lower initial altitude of the rocket.
Even pull up maneuvers’ losses, which need more propellant when
performed at higher velocities, do not overcome the resulting benefits
of a faster attitude.
When considering the costs, it is possible to note that the balloon
launch implies a considerable cost for the balloon but it is largely
recovered with saving in rocket initial mass with respect to the
conventional ground launch, the same
goes when considering the airborne
launch which results to be the cheapest
system among those considered even if
the operations and maintenance costs of a
carrier aircraft are extremely large.
Massimiliano Tabasso - Student
Elio De Marinis - EnginSoft

Figure 4 - Nanosat launcher mass at Vmax attitude

Figure 3 - Ground launch, launcher total mass
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For lighter satellites the F-15 fighter carrier aircraft represents the best
solution in terms of initial mass of the launcher but when payloads are
extremely heavy, a different carrier aircraft such as B-1B heavy bomber
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Figure 6- Cost Analysis Interactive Sheet in Maple
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SAG mill design CDM Consulting used to test Rocky DEM power draw

CMD Consulting uses Rocky DEM power
calculations to validate mill designs

Speed 8 rpm
(62% of critical)

Figure 2 - Rocky power draw (blue diamonds) compared to Morrell C-model prediction (black triangles)
as mill fills at different rotation speeds

Rocky calculations for power draw were shown to accurately replicate Morrell’s C-model
for power draw, an increasingly critical component in mill design validation

“Discovering that Rocky DEM power
almost exactly equals the
Morrell power model is a vital
conclusion. It provides the proof
we required that Rocky can be used
to accurately test a mill under
non-standard operating conditions.”
Mike Daniel

Eco-Comminution Specialist at CMD Consulting
In a typical mine, the liners and lifters of a comminution mill are
expected to last only 6-9 months and can cost upwards of US$500,000
to US$1,000,000 to replace. It is therefore important that the design of
these components are carefully considered to ensure that the mill runs
as efficiently as possible whilst also limiting the effects of wear on the
replaceable components.
CMD Consulting, a comminution consulting company in Australia,
works with mines to help design more efficient and longer-lasting
mill liners and lifters. Because the insides of these giant machines
are nearly impossible to observe while in operation, CMD engineers
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Speed 9.68 rpm
(75% of critical)

Figure 1 - Morrell C-model for mill power draw

pay close attention to the measurement of energy as a result of the
operating conditions, such as mill filling and rotation speed. By using
Morrell’s empirical C-model (Figure 1)— considered by many in the
industry to be the most advanced mathematical model for predicting
mill power draw—they are able to evaluate the energy costs of their
designs. But measuring power provides only one piece to the mill
design puzzle; CMD needed a way to consider the effects of liner wear
on the design as well.

wants mathematical proof of accuracy. Before we can ask our clients
to trust the results, they need to have proof that the tool represents
reality.”
With the goal of proving accuracy in mind, Mike devised a study to
determine how accurately Rocky DEM measured power draw. He
chose to replicate a SAG mill modeled with a grate discharge for his
design, using only the actual liners and grate ends components in the
simulation itself. He then set up a series of Rocky cases that filled up
the mill with particles and steel balls to varying levels and then rotated
the mill at various speeds. Once the mills reached a steady state,
he compared the power draw calculated by Rocky with the Morrell
C-model prediction. In doing so, he discovered that Rocky measured
a power draw nearly identical to that predicted by the Morrell C-model
(Figure 2).
“Discovering that Rocky DEM power almost exactly equals the Morrell
power model is a vital conclusion,” Mike says. “It provides the proof
we required that Rocky can be used to accurately test a mill under
non-standard operating conditions.”
Further, Mike explains that empirical models for power draw, such as
Morrell’s, have shown to be accurate within ±6%, a level of accuracy
that he feels comfortable extending to Rocky DEM. “Rocky being
proven accurate to this degree offers a huge potential for savings
throughout the industry,” he says. Encouraged by these initial results,
Mike is eager to test out other Rocky DEM predictions in future studies,
including fluid flow and particle breakage.

One solution commonly used to simulate how material flows through
mill equipment is Discrete Element Modeling (DEM) software.
However, explains Mike Daniel, Eco-Comminution Specialist at CMD
Consulting, there is still a stigma of inaccuracy that hangs over these
kinds of simulation tools. He says, “When it comes to detailed liner,
lifter, and grate design, we can show our clients a DEM simulation that
gives them more than just a pretty picture but in the end, the client still

Case History

CHALLENGE
Find a method of proving to clients that Rocky DEM simulations are
more than just “pretty pictures,” but are truly accurate representations
of real-world conditions.
SOLUTION
By comparing Rocky DEM power draw calculations with those
predicted by Morrell’s C-model, CMD Consulting discovered that
Rocky DEM is accurate to ± 6%.
BENEFITS
With this proof of accuracy, CMD Consulting can instill confidence
in their clients that designs simulated using Rocky DEM will work
similarly in the real world.

CMD Consulting Pty Ltd. provides
technical consulting services to the
minerals beneficiation industries in
respect to comminution processes.
They specialize in services dealing
with the application of HPGR and
eco-comminution® circuit design,
which is unique to their company.

Rocky is Sponsor of the
International CAE Conference 2017
www.caeconference.com
Case History
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Fire safety engineering:

an integrated approach for a multidisciplinary application

Nevertheless in order to have a better
understanding of what happen in
buildings subjected to fire hazard, those
sophisticated analyses are not enough to
evaluate the structural fire resistance.
Although this practice may seem enough
(steel structures usually collapse around
600-650°C) there is a chance to have,
for example, early buckling, which is
very frequent in steel structure under
fire action, and which is commonly
neglected.
On the other hand, when no CFD is run,
usually the fire resistance of a building
is measured by means of prescriptive
methods, which are conservative as well
but do not consider many aspects such

as the fire load or the heat transfer. These methods
(which are usually hand calculation methods) can
be used for simple elements but sophisticated
computer models are necessary for the analysis
of frame or larger structure.
The importance of the integrated approach is
focused on the ability to study the fire behavior
with fluid dynamic models and to transfer all
those information on the Finite Element Model.
Nonlinear analyses (including nonlinear material
and geometry, large deformation etc.) will be
in this way performed in order to estimate the
effective structural fire resistance of the building
under study.
EnginSoft plays a strong role in the FSE scenario,
using both specific High Performance Computing
(HPC) clusters (up to hundreds of cores) and
advanced methodologies like the Two Way
Coupling of the CFD and FEM models, strengthening its competences
thanks to the collaboration with Structural Engineer Chiara Crosti,
specialist in fire related structural design, multi-hazard analyses and
forensic engineering.

Figure 3 - Rail application: in-coach extinguishment
by water mist system

Chiara Crosti
Sandro Gori - EnginSoft

Definition of Fire Safety Engineering (FSE) is a typical multidisciplinary
application: “the FSE is the application of science and engineering
principles to protect people and their environment from fire, including
fire hazards analysis, mitigation of fire damage, installation and
maintenance of fire detection and suppression and communication
systems, post-fire investigations, properly designing and arranging
buildings, structures, industrial process and transportation systems.
If it is no longer acceptable to neglect fire issues in any field of human
activities, at the same time fire protection strategies must take into
account and even exploit every operational aspect of the context with
the aim to accomplish fire requirements with minimum efforts; such
objective can be pursued only adopting a new approach.
A current FSE approach, developed on the basis of a performancebased design, allows to overcome the limits of prescriptions
providing an exhaustive assessment of the project, focused on actual
fire scenarios, hazard and risk analyses, in respect of standards and
customer/end-user requests. The enhancement of the benefits of this

Figure 1 - Evacuation/Egress from a double-deck train
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For more information: Sandro Gori, EnginSoft
s.gori@enginsoft.com
Figure 4 - Progressive structural deformation of a steel frame under fire action,
(Factor scale:5)

The Korean Twin Sister of the Internaional CAE Conference
Figure 2 - Temperature distribution in a metro train tunnel fire

kind of methodology is possible only with an integrated approach,
involving all the disciplines forming the FSE: Concurrent Design,
System Engineering, Assessment and Risk Analysis, Standards and
Regulations knowledge and CAE.
Numerical simulations lead to an integrated FSE and performance
based approach, thanks to greater computing power and thanks to
development of specific codes or methods in both CFD and Structural
fields.
Advanced CFD analyses for example, using the worldwide notorious
code Fire Dynamics Simulator (FDS) by NIST, enables the engineer
to virtually evaluate, among others, fire and smoke growth and
spreading, temperature distributions, fractional effective dose of
combustion gasses, building 3D models that contain devices such
as thermocouples, smoke detectors, sprinklers, jet-fan and so on.
Even the pedestrian dynamic during evacuation and egress (i.e.
simulating the human actions under fire menace and products) is used
to minimize the hazards while respecting standards and customers’
requests.

Case History

TAESUNG S&E, a leading company in CAE field in South Korea, held the
27th CAE Conference to introduce the participants to the latest technology
trend and share with them difference customer cases, applying various
engineering software. The 27th TSNE CAE Conference took place at
the SINTEX in Gyeonggi-do, Hwaseong-si, Korea from August 31st till
September 1st, 2017. There event hosted technical workshops, Keynote
sessions and a welcome reception for all the invited guests. The agenda
included updates from the CAE industry, with a specific attention to
each product, industry sessions, networking moments for ANSYS users,
exhibitions and an academic contest. The case studies were focused
on: ANSYS, CETOL (Tolerance Analysis), KULI (1-D cooling system),

Case History

GRANTA MI (Material management), ROCKY (DEM particle analysis),
DAFUL (Dynamics analysis), optiSLang (Robust optimization), GSAM/
GTAM (topology/shape optimization), etc. EnginSoft was invited not
just to attend this meeting, but Stefano Odorizzi had the pleasure to
deliver a presentation within the session dedicated to “Materials data
and information to support CAE, additive manufacturing and more”,
taking about Digitalization of Die Casting processes: beyond Engineering
Simulation.
It has been a great pleasure to be part of the TNS CAE Conference, a sort
of Korean twin sister of the International CAE Conference, taking place in
Vicenza next November.
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Figure 3 - Trek True-Load Application

True-Load Software
and ANSYS Workbench
Solve Difficult Strain Challenges
The True-Load software from Wolf Star Technologies performs
load reconstruction using the well-established principle known
as influence coefficients. In short, True-Load uses strain
measurements and a correlation matrix extracted from the FEA
model to reconstruct operating loads on structures. The TrueLoad software automatically optimizes the strain gauge placement
and pre-conditions unit load cases supplied by the FEA analyst.
This allows the user to turn any component into a multi-DOF
load transducer by simply attaching uniaxial strain gauges at the
optimized locations from True-Load.
True-Load operates on the principle of influence coefficients. This
takes advantage of the proportionality between loads and strains;
strains and displacement; and strains and loads. The influence
coefficient technique essentially constructs a strain corollary to
Hooke’s law. This concept can be shown in the following figure.

FEA model. The user supplies a series of unit load cases that will
define the loading DOF sensitivity for the part. Any loading that
can be conceived of in FEA is fair game for True-Load. The strain
gauges will be placed in nominal locations on the model – staying
away from stress concentrations due to welds, notches, areas of
contact, bolted joints, pins, etc. The key for this technique to work
is for the gross mechanical characteristics of part to obey Hooke’s
law. Local plasticity and nonlinearity is acceptable as long as
these effects do not dominate the component’s response. Once
the strain gauges are placed, True-Load calculates the loading
from measured strains via the following equation.

Figure 2 - Governing Equation for Influence Coefficients

Figure 1 - Linear Load Model

True-Load takes advantage of this principle by constructing a
correlation matrix (C) from optimal strain gauge placement on the
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The correlation is typically 5% error in strain or less. Once the
process is optimized for a component, error is often expected to be
less than 2%. Even though the underlying mathematics are linear,
True-Load often predicts highly nonlinear effects. For instance,
contact loading and nonlinear loading from elastomers are regularly
captured. A nonlinear FEA analysis is basically a piecewise linear

Software Update

solution. True-Load takes into account
the piecewise linear mathematics in a
different order through the user’s unit load
cases. Essentially, True-Load is letting
the strain gauges act as the world’s most
powerful supercomputer to dictate the
FEA response of each unit load in the
model. Here are few published examples
from our customers. The first is from Jay
Maas at Trek bicycles. Trek uses TrueLoad to understand complex loading on
their frames. Jay wrote in 2015 about how
they could capture the severe loading
that occurs during jumps using their
traditional method. These tests together Figure 4 - K-Tec Earth Movers Application
with True-Load gave Trek a better picture of
and can be included in ANSYS simulations. This gives product
the severe loading occurring in the proving ground jumps. The
developers increased power and flexibility in designing vehicles
loading calculated by True-Load is completely different from the
that can withstand the strains they will experience in everyday use.
traditional loading used in Trek’s laboratory environment. This
allowed Trek to improve their designs and testing methods to
For more information: info@enginsoft.com
capture the effects of real-world loading (Fig. 3).
In Figure 4 there is a K-Tech earth mover from a paper presented
by Wayne Tanner and Cynde Murphy of Adaptive Corporation. In
this project the operating loads on the earth mover are calculated.
An interesting result of the study showed that the most severe
loading on the earthmover occurs in transit and not during digging
operations. This was totally counterintuitive to the engineers at
K-Tech. The figures show typical plots from True-Load: the time
histories of strain from the measured testing together with a cross
plot, shows the measured strain
on the horizontal axis and the
simulated strain using the TrueLoad forces on the FEA model on
the vertical axis. A 45 degree line
shows perfect correlation.
Now, with the integration of TrueLoad into ANSYS Workbench
through a new interface, using
True-Load is extremely intuitive
for ANSYS Workbench users. All
the components of the True-Load
environment are exposed directly
to the Workbench environment, Figure 5 - ANSYS WorkBench True-Load Integration

Wolfstar is Sponsor of the
International CAE Conference 2017
www.caeconference.com
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Fig. 2 Topography region

The magnitude of the perturbation were set to 10 mm. We also used a
spread of 10 mm to get a smooth answer. For fabrication constraints,
symmetry about XZ and YZ planes were enforced.
For the optimization settings, we set the objective for maximizing the
4th modal frequency, and we added a constraint on the total mass so
that it will not exceed the initial total mass.
The results of the topography shape changes are shown in Fig. 3.
The regions with red colors correspond to regions where the grids
moved outward to thicken the housing, the blue regions correspond to
regions where the grids moved inward to thinner the housing, and the
green regions correspond to regions with little or no change has been
made in the grid locations. At the optimal design, the mass constraint
is satisfied, and the 4th modal frequency is improved by 10%.
The problem above took 14 design cycles to convergence. In just few
computational minutes, the GENESIS extension found the optimal
design.
This example, shows that like topology optimization, topography
design gives great design freedom. It is a powerful tool for generating
innovative designs and for structural performance improvements.

Topography design
to improve vibration
performance for a
water pump housing
Topography design is a technique that allows designers or engineers
to automatically change the curvature of surfaces of structures to
obtain better structural performance. For example, it can be used to
increase the stiffness of a structure, reduce stresses in critical parts
and/or improve the vibration performance. Topography design is
also called topography optimization or bead design. In the GENESIS
structural optimization extension for ANSYS Mechanical, topography
design can be used for both solids and shells.
In this article, we will demonstrate the use of topography design to
increase a natural frequency value in a water pump housing shown
in Fig. 1-a. Due to design requirements, we would like to increase
the frequency value associated to mode 4 that is shown in Fig. 1-b.
In addition, the mass should not be increased to meet specifications.
Using the GENESIS structural optimization extension for ANSYS
Mechanical, we selected the blue region shown in Fig. 2 as the
designable region. Internally created perturbations will be applied
on each surface grid on the designable region. The perturbation
directions are along the normal directions on the designable surface.
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Hong Dong and Juan Pablo Leiva
Vanderplaats Research & Developments, Inc.

Fig. 1-a boundary conditions for Modal analysis

GENESIS
GENESIS is a fully integrated finite element analysis and design
optimization software package, written by leading experts in
structural optimization.
The Analysis is based on the finite element method for static, normal
modes, direct and modal frequency analysis, random response
analysis, heat transfer, and system buckling calculations.
The Design is based on the advanced approximation concepts approach
to find an optimum design efficiently and reliably. An approximate
problem, generated using analysis and sensitivity information, is used
for the actual optimization, which is performed by the well-established
DOT or BIGDOT optimizers. When the optimum of the approximate
problem has been found, a new finite element analysis is performed

Fig. 1-b Mode shape for the 4th mode
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Fig. 3 Shape change plot (normal to surface)

VR&D is Sponsor of the
International CAE Conference 2017
www.caeconference.com
and the process is repeated until the
solution has converged to the optimum.
GENESIS is easy to learn, so no special
knowledge of optimization technology
is required. Many design options are
available for users including: shape,
sizing, topography, topometry and
topology. Shape/sizing and topography
optimization typically require less than ten detailed finite element
analyses, even for large and complex design tasks. The topology and
topometry optimization typically takes twenty or less detailed finite
element analyses.
For more information:
Federico Andrea Bologna, EnginSoft
f.bologna@enginsoft.com
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Figure 4 - The fixed boundary condition on the lower bracket is colored blue.
The Displacement boundary condition is colored yellow

Tiny crack precursors always exist within
elastomers even before a load history has
been applied. The crack precursor size and
Thomas fatigue law properties have been
characterized for the elastomer.

Transmission Mount
Fatigue Analysis
with Endurica CL
The fatigue life and failure location of a transmission mount was
analyzed. First the mount was modeled in ANSYS to determine the
strain history for the fatigue duty cycle. The strain history was then input
into Endurica CL along with material properties to solve for the fatigue
life using a crack growth model. The fatigue life is then imported into
ANSYS to visualize the location of failure.
Transmission mounts are made from rubber and steel to secure the
transmission and engine to the automobile frame. The mounts perform
two primary functions; to reduce noise and vibration from the engine
and to provide support during the varying loads that occur while driving
over uneven terrain, turning, accelerating, and braking. The transmission
mount is shown in Figure 1.

Figure 7 - Maximum principal elastic strain on mount under full loading

Figure 5 - Displacement boundary conditions are shown in X, Y, and Z directions on the top plate of the mount. The
displacement loading history shown is one cycle of the fatigue duty cycle. The coordinate system is shown in Figure 4

Figure 2. Stress-strain behavior of filled natural rubber used in transmission mount

stress-strain chart from ANSYS is shown in Figure 2.
The natural filled rubber exhibits strain crystallization. Strain
crystallization behavior reduces the crack growth rate under nonrelaxing duty cycles as the R ratio increases. The reduced crack growth
rates lead to increased fatigue life under non-relaxing loads due to strain
crystallization. Endurica uses a crack arrest experiment to measure
the material’s strain crystallization behavior. The strain crystallization
function is entered for analysis as a table lookup function as shown in
Figure 3 below.
The geometry of the mount is based on an after-market replacement
mount. The overall dimensions of the mount are 50mm tall, 79mm
wide, and 40mm deep. A bent steel plate forms a bracket along the
bottom of the mount. The mount is fixed along the lower bracket where it
is attached to the car frame. The transmission is attached to the top steel
plate of the mount. The top plate has displacement boundary conditions
in the X, Y, and Z directions that are the measured displacements during
the duty cycle. The boundary conditions have their location shown in
Figure 4 and their magnitudes shown in Figure 5.

The fatigue life calculations determine the
tearing energy available at the crack tip

The mount is meshed with 4,310 type solid186 elements. The
solid186 elements are 3-D 20-node solid elements that exhibit
quadratic displacement behavior. This element is compatible with
the large deflection analysis that is used. There are 5 elements
through the thickness of the mount. The steel plates in the mount
are many times stiffer than the elastomer and do not undergo large
deformations. The steel plates are deformable bodies with coarse
meshes.
The analysis was run to solve for the strains in the elastomer during
the loading cycle. The strain history is a necessary component to
solve for fatigue life.
The strain history for the elastomer elements during the loading duty
cycle was exported from ANSYS into a text file using the Endurica
export interface for ANSYS, shown in Figure 8. The export interface
makes it easy to write the strain history to a text file for the desired
element sets and result time increments.
The fatigue life analysis is based upon the crack growth method.

Figure 8 - Endurica export interface for ANSYS

to grow a crack. The crack growth calculations are performed for
all events during the duty cycle to calculate the growth during one
cycle. The tearing energy available at the crack tip is dependent upon
the orientation of the crack. Crack precursors exist in all directions.
Endurica calculates the crack growth for cracks along all directions
and at every element in the mount. Calculating the crack growth at
all directions and locations allows for the most critical location and
direction to be pin-pointed. The fatigue life of the mount and the
location of failure is determined with the calculation.

Figure 1 - Transmission Mount

A natural filled rubber is chosen for the mount to provide the desired
loading response characteristics. The stress-strain behavior of the
rubber is modeled with a Neo-Hookean law. The Neo-Hookean
parameters initial shear modulus Mu, 0.5 MPa, and incompressibility
parameter D1, 0.000667 1/MPa, are input into ANSYS. The resulting
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Figure 3 - Strain crystallization function

Figure 6 - Mesh used in mount analysis
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Figure 9 - Thomas fatigue law using parameters from mount elastomer

A Thomas fatigue law is used for the elastomer in the mount. In the
Thomas model below a critical value Tc of the crack driving force the
cyclic crack growth rate dc/dN varies as a power-law function of the
peak crack driving force.

The results of the fatigue life calculation show the number of repeated
duty cycles until the crack grows to the end of life size, 1mm. The
failure location of the mount is near the upper corner which is labeled
with the minimum life tag in Figure 10.

Figure 10 - Number of applications of the duty cycle before failure. The fatigue life of the
mount is 5.7e7 cycles and point of failure is shown in upper corner of mount

For more information:
Sergio Sarti, EnginSoft
s.sarti@enginsoft.com

Endurica is Sponsor of the
International CAE Conference 2017
www.caeconference.com

Mark A. Bauman - Endurica LLC

EnSight: a new powerful tool for

New version of ANSYS Mechanical
New Capabilities
Engineering is a pretty exciting place to be right now. There seems to be
amazing news about new products and technologies being tested and
released nearly every day. ANSYS 18.2 just launched and it’s packed
with cool stuff. ANSYS Mechanical has a raft of new capabilities to help
engineers make new technologies a reality.
I’m amazed at some of the commercial space industry achievements
going on right now and of course, being a big car fan, the technology
going into the automotive sector is just incredible. In order to bring
these products to market, big changes are taking place in the companies
designing these products.
More efforts are being put into every aspect of product design and
the drive to build better products faster means increased pressure on
engineers.
Topology Optimization
To ease your pressure, I’m happy to share that the latest release of
ANSYS Mechanical opens up even more capability to engineers.
Topology optimization automates the design of parts that massively
reduce material requirements and weight. ANSYS 18.2 adds in more
functionality to tune the solution to suit different manufacturing methods.
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realistic and fast post-processing

High-performance Computing and Structural Mechanics
Our customers have seen continued increases in performance of the
Mechanical solver. Our development teams actively hunt out complex,
large and tricky models to identify where efficiencies can be gained. With
the release of ANSYS 18.2, we have achieved another milestone — 3000
cores! In the field of structural mechanics, having speed ups at core
counts this high is unheard of. The impact of these efficiencies will be
felt by customers running on all sizes of computers and many different
model types.

EnSight, is the premier solution for analyzing, visualizing and
communicating simulation data. This product is developed by
CEI (Computational Engineering International. Inc.), a company
headquartered in Apex, North Carolina, which has been acquired by
ANSYS on 11th July 2017. EnSight is a powerful post-processor,

ANSYS Mechanical Vibroacoustic Product Performance
Vibroacoustics, the analysis of structural borne sound, has been added
to the core Mechanical product. The ability to study one-way coupled or
fully-coupled vibroacoustic analysis means that engineers using ANSYS
Mechanical for structural or thermal analysis can use the same interface.
This means no rebuilding of models or new tools to learn for applications
like car exhaust system, speaker, sonar or electric motor noise studies.
For more information:
Fabio Rossetti, EnginSoft - f.rossetti@enginsoft.com
http://www.ansys.com/products/release-highlights/structures
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Figure 1 - EnSight links together three data sets to automatically repeat
operations on each in real time

Software Update

able to read up to 32 models at the same time into a single session.
It is ideal for comparing results between solvers and between different
designs, especially for CFD studies, fluid-structure interaction and
optimization post-processing. EnSight includes a fully overhauled
graphics system, that allows for extremely realistic models, which can
show shadows, reflections and refractions, based on a diverse list of
materials. Moreover, with the ability to place and manipulate multiple
light sources, the power to create impressive visualizations has never
been more complete.
Principal Characteristics
EnSight works with over 80 CAE data formats. Its wide range of support
spans from direct readers which read the native format of the simulation
code, to translators that convert the data into a format readable by
EnSight. This software can handle data from all the major CFD/FEA
solvers including ANSYS FLUENT, ANSYS CFX, ANSYS Mechanical
and other commercial solver formats, as well as many neutral formats,
such as CGNS, PLOT3D, and more. This tool is characterized by
dynamic and interactive post-processing, with dynamic clip planes,
iso-surfaces, streamlines, pathlines, automatic label updates, drag
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and drop coloring. It is easy to study Transient analysis, maintaining
interactive post processing while in time domain and creating
Keyframe animation. It is possible to create texture map to imprint
GIS or experimental data onto the scene, so that it is easy to fuse
simulation and experimental information.
EnSight provides both batch and interactive operations, allowing
engineers to run interactive operations during the day and let it complete
batch post-processing overnight, using Python to build dialogued tools
or scripted logic.
It is also equipped with the ability to display multiple viewports, so
that it is possible to provide large overviews and detailed views at the
same time or show multiple models simultaneously. These views can
be linked for easy comparison across a number of views.
The following features are also available: variable calculator,
measurement tools and plotting to extract quantitative data. The
calculator function has both predefined functions and user custom
defined functions, with whom it is possible to compute new spatial,
temporal or statistically variables. The graphs are directly integrated
within the 3D scene.

Figure 2 - Automotive CFD simulation results in EnSight (image courtesy of ANSYS)

There are two versions available of this software: EnSight Standard,
the most common product, with the characteristic described above,
and Ensight HPC, which allows users to complete parallel postprocessing for very large models using clusters. Because of Big Data,
post-processing needs are getting much more intense and in some
cases, the post-processing computation is almost as demanding as
the processing itself. EnSight HPC face the issue of growing model
sizes and data volumes with integrated high-performance computing
(HPC) features, so that it is possible to handle even very large problems
with billions of cells. Complex visualizations require a lot of resources
from machines and EnSight features an updated rendering pipeline that
not only produces realistic visualizations, but use computer resources
efficiently, to ensure the highest level of performance.
Other CEI’s products
In addition to the post-processor tool, CEI develops also viewers to
communicate data from EnSight to any audience. There are three
applications which supply additional functionality in the form of viewers
and movie editors: EnVision, EnVe and EnVideo
The new product of 2017 is EnVision, the 3D viewer for EnSight. Once a
view is created in Ensight, it is possible to present it and share it in this
software. With its fast rendering, any user can pan, rotate and zoom a
view, play flipbook animation and keyframe animation.
EnVe is a simple movie editor. It can work in two ways: with a Graphical
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User Interface (GUI) for simple jobs or with command files for automated
handling of image and movie files. This animation post-processing tool
allows users to crop and resize animations or video sequences, as
well as add simple fades, pauses and titles to create a complete video
presentation for CFD visualizations.
In the end, EnVideo is an easy to use, cross-platform video player for
movies created by EnSight. It is possible to export lossless visualization
animations from EnSight, preserving the high quality of the original
scene. It is designed to support the native EVO file generated by CEI
products, but also has the ability to display animations in other standard
formats like AVI, MPEG, QuickTime and .gif.
Industry applications
Several industries can take advantage of this technology and are
currently exploiting it. Accurate and reliable simulations are important
in every industry, but are especially critical for designing and testing
commercial aircraft, military aircraft and space vehicles. Therefore
Aerospace and Defense takes advantage of the featured of EnSight. In the
automotive field, engineers constantly face complex and interconnected
challenges. On the one hand, there is the demand for higher fuel
efficiency, reduced emissions and increased safety. On the other
hand, these issues are combined with the market’s demand for more
comfort, integrated entertainment systems and new body styles. Thus,
auto makers are under constant pressure to find cost-effective ways to
quickly develop and simulate new designs and EnSight helps in this
task. The biomedical industry is able to visualize and simulate various
uses and outcomes during the design to ensure maximum product
efficacy and safety. Device failure is not an option for medical device
manufacturers and clinical testing for every possible failure scenario
is impossible. Chemical processing companies can analyze flow
problems of very high complexity, including those involving multiphase
flows, mixing-related phenomena, intricate equipment geometries and
detailed chemically reacting flows within process-relevant time scales.
Electronics companies face intense pressure to crank out new products
as fast as possible trying to satisfy the customers’ expectation. EnSight
helps electronics manufacturers deliver on the market new features,
high performance and an affordable price tag.
ASNSYS and EnSight
After the acquisition by ANSYS, Ensight will be included also in ANSYS
Workbench, a platform which ties together the entire simulation process
with a collection of simulation tools. This environment contains some
tools for simulation data viewing and it will integrate EnSight as well, to
add a new level of realism. Bringing CEI’s tools into the ANSYS portfolio,
engineers will be able to make better business decision, develop their
product and communicate the results to a wider audience. Offering
realistic rendering could make complex simulation results easier to
understand even for people which are not experts in simulation. This
powerful software has been able to address many of the challenges
of data analysis and produce an output that greatly reduces the time
between idea and implementation, which saves time and, ultimately,
money. Now engineers can have a great visualization tool which helps
analyzing results and communicate them in an effective way to a large
audience.
For more information: Diana Magnabosco, EnginSoft
d.magnabosco@enginsoft.com

Software Upadte

ANSYS Maxwell R18

ANSYS Maxwell is the industry-leading electromagnetic field
simulation software for the design and analysis of electric motors,
actuators, sensors, transformers and other electromagnetic and
electromechani¬cal devices. With Maxwell, users can precisely
characterize the nonlinear, transient motion of electromechanical
components and their effects on the drive circuit and control
system design.
The recent release of ANSYS Maxwell R 18.2 is the occasion
to present, among the others, the latest and more important
enhancements of the software.
HPC solution: TDM (Time Decomposition Method)
Electric machines, power and electronic transformers can be Figure 1 -Time Decomposition Method in summary.
better designed and analyzed using transient electromagnetic
field simulation. This choice allows engineers to analyze the
- Two TDM models have been developed:
dynamic system, including the nonlinear materials, permanent
• Periodic TDM for periodic steady-state simulation based on
magnets and induced eddy current under a variety of conditions,
solving all time steps in one period simultaneously
employing the pulsed waveform and various other excitations. The
• General TDM for general transient applications based on
transient simulation process normally involves many time steps in
solving a set of sequential subdivisions of all time steps,
a sequential fashion to calculate saturation, eddy currents, slotting
where each subdivision is solved simultaneously
effects and rotor movement in time and space. Because transient
- Dedicated direct solvers and dedicated preconditioned iterative
electromagnetic analysis requires the computation of many time
solvers have been developed to solve discretized block matrices
steps, the process is slow and it limits the size of problem that can be
of both TDM models very efficiently. These solvers take full
solved, even with today’s fastest computers.
advantage of high-performance parallel computing hardware
In fact, it is a huge computational undertaking to characterize an
- To accommodate the nonlinearity, an efficient and reliable
electric machine of any kind, or a planar magnetic device, to steady
algorithm has been introduced to achieve excellent nonlinear
state operation. It can take days or weeks to complete.
TDM (Time Decomposition Method) is a new technology
that delivers dramatic speed improvement for transient
electromagnetic field simulations. Simulations that previously
required weeks of computation time are now completed in a
matter of hours. The key software technology is a new algorithm
within Maxwell that allows engineers to solve time steps
simultaneously as opposed to sequentially.
The Time-Decomposition Method (TDM) consists of four
technical aspects:
- The new method uses domain decomposition along the
time-axis to provide excellent parallel scalability.

Software Update

Figure 2 - TDM enhancements
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due to the stress field, the magnetic properties change of the
material. The Figure 4 depicts this process.
The simulation of this phenomena has different applications as:
• Vibration and noise analysis
		
Transformers
		
Electrical machines
		
Actuators
• Control devices
Sensors and transducers
• Smart materials

Figure 3 - Benchmark Results on Planar Magnetic Transient Simulation

convergence, maintaining exceptional parallel scalability and load
balance.
This technology, already implemented in ANSYS Maxwell17,
has been improved to expand it to a bigger category of transient
Analysis and to facilitate its implementation through the ANSYS
Maxwell interface. Among the others is now possible to exploit TDM
technology with circuit supply, soft hysteresis material model usage
and demagnetization model.
In Figure2 the R18 enhancements with regard to TDM implementation
are depicted.
A benchmark study (see Figure 3) has been carried out on electronics
transformer design where planar magnetic winding topologies were
employed. A transient analysis is needed since the excitation is a
pulsed waveform with a nonlinear magnetic core. The benchmark has
been carried out over a Windows Server 2012 R2; 512 GB RAM per
node, Clock Speed 2 GHz, 16 nodes and 448 cores.

Core solve capabilities
In order to solve faster 3D transient simulation several techniques
have been implemented in ANSYS Maxwell:
• Continuous optimization of the solver algorithm
• HPC techniques as the TDM (Time Decomposition Methods)
described in this document.
• Better uniform mesh (TAU, clone mesh, etc.) that, in spite of a
coarser mesh model, ensures the accuracy of the solution.
In ANSYS Maxwell R18 1st order shape function elements are
introduced to speed up simulation and to consume less memory.
it proves that, compering the solution of two identical model with 1st
and 2nd order shape function elements, usually the accuracy of the
solution is not affected unlike derived quantities, as solid losses, that
requires a finer mesh in case 1st order elements are implemented.
Lastly it’s worth mentioning the new manufacturing libraries added as
part of R18 installation:
• Arnold Technologies (Permanent Magnets)
• ShinEtsu (Permanent Magnets)
• Hitachi Metals (electric steel)
• China Steel (electric steel)
• JFE Steel (electric steel)
• More to come…

Multiphysics: Magnetostriction and inverse
magnetostrictive analysis
For more information:
Magnetostriction is a property of ferromagnetic materials that causes
Emiliano D’Alessandro, EnginSoft
e.dalessandro@enginsoft.com
them to change their shape or dimensions during the process of
magnetization. The variation of materials’ magnetization due to the
applied magnetic field changes the magnetostrictive strain
until reaching a saturation values.
On the other hand the inverse magnetostrictive effect (also
known as magnetoelastic effect or Villari effect) is the name
given to the change of the magnetic susceptibility of a material
when subjected to a mechanical stress.
As mentioned the phenomena involves two different physics:
magnetic and structural one.
The integration of ANSYS Maxwell in ANSYS Workbench
interface allows the correct simulation of the phenomena
described. Indeed, by means of the tools at user disposal
in ANSYS Workbench interface, the deformations calculated
by Maxwell due to the Magnetostriction phenomena are
exported to the structural analysis where, along with any type
of structural loads, stress field is calculated. Eventually, the
structural solution is exported to Maxwell in order to assess, Figure 4 - Magnetostriction and inverse magnetostrictive analysis in ANSYS Workbench
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Flownex Simulation Environment:
new features of 2017 releases
Flownex is the advanced technology for the definition and
calculation of 1D fluid-dynamic networks. Using a large
library of components, Flownex can approach the simulation
of complete systems: geometrical aspects are converted
into lumped parameters to characterize the fluid-dynamic
aspect of each specific component. Both compressible and
incompressible flows can be reproduced, taking also into
account the thermal aspects and phase change phenomena
(cavitation, boiling and condensation).
The new features of Flownex 2017 releases (2017 and
2017-Update-1) are especially focused on the following
main enhancements:
• Direct link to the ANSYS software. Flownex is included
in ANSYS Workbench, which is the ANSYS platform for
parametric and multi-physics analyses
• New components added to the Flownex library (Bulk Air
Cooler and Cooling Tower)
• Improved the accuracy criteria of transient simulations
• Elevation profile for a single pipe

Software Update

Figure 1- Flownex SE add-in inside ANSYS Workbench

Flownex is now an add-in inside ANSYS Workbench
An add-in has been developed for ANSYS Workbench that allows
Flownex to be added to Workbench platform. The Flownex add-in
lets users add Flownex analyses to Workbench, open Flownex from
Workbench and perform studies with Flownex. It operates in a way
similar to the existing Excel add-in in Workbench. Figure 1 shows
the Flownex add-in in Workbench. Now Flownex can be linked to all
the other ANSYS software, like ANSYS CFX, ANSYS Fluent or ANSYS
Mechanical for running co-simulation between 1D system and 3D
geometries. Through workbench parameter tables physical variables
are exchanged at the boundaries. This allows to include the effect 3D
complex geometries in terms of pressure losses, multiphase flows
and non-homogenous heat transfer.
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New components: Bulk Air Cooler and Cooling Tower
A Bulk Air Cooler component has been introduced to simulate heat
exchange between process water and an air stream (Figure 2). The
heat transfer is mostly driven by mass transfer between the air and
water stream and to a limited extent by convective heat transfer. In
the case of bulk air coolers, the primary objective is the cooling of
air using the evaporative cooling of the process water. The modelling
of these bulk air coolers fundamentally relies on Flownex’s capability
to model mixtures of air-water-vapour

Figure 2- Bulk Air Cooler component

Figure 3- Cooling Tower component

fluids using the two-phase and non-condensable mixture model. By
specifying a single input called the “Factor of merit”, the complete
operating envelope of the bulk air cooler can be modelled.

Beyond Engineering Simulation

Figure 4- Cooling Tower component

Both forced draught, as well as natural draft cooling towers, can be
modelled in Flownex added to automatically adjust the fan speed
and the vent openings in order to study the transient scenario of the
system.
Improved accuracy for
transient analyses
Added maximum time step changes for
pressure, enthalpy and concentration in
order to quantify the severity of transients, as
seen in Figure 4. Added the Courant number
as result for both pressure wave and scalar
transport to assist with grid size selection.

Figure 5- Pipe profile editor

A Cooling Tower component has been added to simulate the cooling
of process water using evaporative cooling phenomena applied to the
air stream (Figure 3).
Two methods are implemented in Flownex for the modelling cooling
towers. The “Factor of merit” model uses a single parameter to
characterise the operating envelope thereof. An alternative approach
of somewhat higher fidelity is based on the Merkel model and divides
the cooling tower in three distinctive zones, namely:
• Spray zone – water distribution into the cooling tower, normally
using spray nozzles.
• Fill zone – water is distributed onto or between a fill media to
increase the surface contact area between the water and air.
• Rain zone – water from the fill zone “rains” into the collection
pond to allow further contact between water and air.
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Pipe elevation profile
An elevation profile for pipes has been
added. This allows the easy simulation of
complex pipelines with a single discretized
pipe. Figure 5 shows the Pipe Profile Editor window that can be used
to specify the elevation profile for pipes.

One can easily argue that an event which runs into its 33rd year,
addressing a community of experts is true to its role of mirroring the
way Simulation Based Engineering and Science (SBES) has changed
the world of engineering design. An event which has evolved from
its initial scope of covering industrial CAE has transformed beyond
this, exploring the widespread use of advanced technologies and
Engineering application in all sectors, whose combined force is
causing a true revolution in modern engineering practices and
excelling scientific fields.
Indeed, simulation performs a central role in all aspects of the
product lifecycle, from concept, through to engineering design
and into its operations. Saving time and money by performing
simulations earlier in the design cycle is not the only advantage from
the technologies available today: simulation lets you delve further,
to create a “digital twin” of your product, providing insight into
performances and valuable knowledge in respects to maintenance.
Progressively the physical world and the digital world merges as it
is pushed by new technology areas such as the Internet of Things,
additive manufacturing, big data, and Industry 4.0.
Such reflection of the engineering landscape drives the format of
the event. The varied proposal of high-quality cultural content: from
the plenary session and the industry-related sessions is populated
by inspired speakers -providing leading insights, success stories
showcasing engineering applications and/or technology adopted
to embrace and overcome industry challenges. For an exhibition
– which has proven to be exceptionally popular, will be almost
double the size this year. In addition, in terms of the Research
Agorà – where representatives of project Consortiums in the field
of smart manufacturing, biomedical, high performance computing,
energy and big data and analytics share their project concepts and
achievements, complemented by the Poster Award. An award open to
all students, graduates, researchers and/or faculty members from all
Academic Institutes and Research Centres to help disseminate and

engage the adoption of Engineering Simulation –will be accepting
sponsors from industry for the first time, bridging the gap between
the industrial and academic world. Finally, the Best Practice area –
where methods, design approaches and techniques will be discussed
in an interactive framework, designed to show how to get superior
outcomes from the simulation and to comply with industry standards,
opening the window on the subject of Industry 4.0. Furthermore, a
dedicated area, including a session and exhibition on additive
manufacturing, including short courses on topical issues like fatigue
for composite materials or geometric dimensioning and tolerancing
to the opening towards the EC trends and offering.
All this were facts in the former editions and offers a glimpse into
what we will expect in the next edition.
But, beyond these facts, the difference is the enthusiasm that goes
through all in initiatives, an atmosphere that can only be captured by
taking part. This is a truly unique experience, and often passionately
expressed by participants and supporters of the event.
Don’t come to just join an event, join a community that always excited
about the future and will continue to encourage knowledge transfer!
For more information:
www.caeconference.com

Other enhancements are fully described in the release notes on
Flownex website.
For more information:
Erik Mazzoleni, EnginSoft
e.mazzoleni@enginsoft.com

Flownex is Sponsor of the
International CAE Conference 2017
www.caeconference.com
Software Update
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33rd INTERNATIONAL CAE CONFERENCE AND EXHIBITION
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6 - 7 November
Vicenza Convention Centre
@Fiera di Vicenza

Vicenza, Italy

PLENARY AND
PARALLEL SESSIONS

INNOVATION
CONFERENCE

... and much more

3D PRINTING
AREA

TRAINING
COURSES

WWW.CAECONFERENCE.COM

