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CONTENTS The hot summers in Asia in 2010 are being blamed on global warming. Perhaps it is time that we
delve more into green energy. One of the key articles in this edition of the newsletter talks just
about this. Here's us presenting you with a brand new edition of the CADFEM eNewsletter
that shall update you some of our activities along with the latest news & events from the CAE
Thermal Drying for the 4 industry. Hope you enjoy reading this edition too and find it informative. Please feel free to send
automotive industry us your suggestions for improvement.
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Go Green with Numerical Simulations

Vehicle behavior & energy management of Hybrid Electric Vehicles

As fuel costs and environmental concerns
continue to rise, interest in methods for
decreasing fossil fuel consumption has
increased. One promising method of reducing
energy consumption is through the use of Hybrid
Electric Vehicles (HEV). A HEV can have two
possible sources of energy. Commonly one
energy source is rechargeable (such as
batteries) for energy recovery. For a HEV, the
two energy sources are the fuel and the
batteries and/or ultracapacitors. Since hybrid
vehicles utilize two energy sources, they can
potentially deliver that energy more efficiently
than a non-hybrid vehicle. A HEV can operate
the engine in its high-efficiency region while
allowing the battery pack to supply or consume
the excess energy, thus increasing overall
efficiency. This article gives an overview of how
numerical methods are employed to have an
insight into the vehicle behavior and energy

management.

Power demanded by drive train

One can understand the various forces acting on
a vehicle by giving a thought to vehicle
longitudinal dynamics. Fig 1 depicts the same.

During the normal operation of the vehicle
instantaneous prediction of the velocity of the
vehicle to control the power flow in fuel efficient
way would be the final goal of an energy
management system. A much simpler method is
to assume that the drivability of the vehicle is
undisturbed, which means we know the velocity
profile in advance and then optimize the power
flow in a fuel efficient way. Standard driving
cycles are produced by different countries and
organizations to assess the performance of
vehicles in  various ways, such as
for fuel consumption and polluting emissions.

For example UDDS (Urban Dynamometer Driving

Schedule) refers to a United States
Environmental Protection Agency mandated
dynamometer test that represents city driving
conditions which is used for light duty vehicle
testing. Fig. 2 shows the UDDS curve. Assuming
that this curve is the predicted velocity profile of
the vehicle and once we know all the
parameters of the vehicle to calculate the forces
acting on it, we are ready with the power

requirement from the drive train.

Power flow in a Hybrid Vehicle

Fig 3 shows a schematic of the power flow in a
Series Hybrid vehicle. As mentioned earlier the
two sources of energy are the fuel tank and the
battery. We have the chemical energy from the
fuel tank operating the Internal Combustion
Engine (ICE) at an operating torque and speed.
The engine then generates the mechanical
energy which runs the generator to generate
electrical energy. This electrical energy is used
for two purposes. It is used to charge the
rechargeable battery and also takes care of the
electrical loads in the vehicle. The electrical
machine then can work as a motor to use the
electrical energy from the charged battery to
drive the vehicle through the drive train.

The most critical question in the HEV is how to
distribute this power requirement from the drive
train to the internal combustion engine and the
electric machine. One of the challenging tasks in
HEV is determining the control of power flows in
the vehicle. When should the engine be turned
on? Where should the engine be operated
(speed and torque output)? These choices of
how the engine and battery power flows are
defined affect vehicle efficiency, available
power, and user acceptability. At the end one
wants to optimize the power flow in such a way
that the fuel consumption is minimized.

(continued in the next page)
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Ideas for energy management

The greater value of the tank-to-wheel efficiency
in an HEV comes in the first place from the
selected vehicle topology and the improved
component efficiency. However, without an
intelligent energy management system, this high
energy efficiency is probably not reachable under
normal driving conditions. This in turn demands
us to understand the basic ideas of energy

management (EM). Here it is:

Energy Recuperation

In a traditional vehicle, the mechanical friction
brakes become active when the driver wants to
decelerate the vehicle. From an energy point of
view, this is certainly not a profitable solution,
since all kinetic energy is wasted into heat. To
recover the energy that comes available during
braking, one can operate the electric machine in
generator mode. This way, the electric machine
absorbs power from the drive train and stores it
into the battery. In terms of fuel economy, this is
the most economical way to charge the battery,
since it requires no additional fuel. Normally a dc-
dc converter is incorporated to operate the motor

to achieve regenerative braking.

Engine start or stop

The ICE of a traditional vehicle runs frequently
idle while driving in the city. A simple method to
save fuel is to stop the engine at those periods
when no power is needed. But, for a smooth
drive a quick vehicle response is preferred when
the driver wants to move on. Since a powerful
electric machine is present in most HEVs, a
smooth engine cranking will be no problem.
Moreover, the electric machine could also
establish an electric drive during vehicle launch.
This offers additional freedom for keeping the

engine off.

Motor assist

There are several reasons why the fuel map of

All content is proprietary information. Any unauthorized use of the newsletter material is prohibited.

an ICE incorporates non-linear behavior in
specific operating ranges. Consequently, some
operating points are more beneficial to produce
power than others. In case of an HEV, there
exists freedom in the amount of power that
should be delivered by the ICE versus the power
from the electric machine. This means that at
moments when the ICE enters an uneconomic
operating area, motor assist takes place with
power taken from the battery. Conversely, the
ICE produces additional power in economic
operating points to charge the battery.

Load scheduling
Apart from the mechanical vehicle load, there are

active electric loads in the vehicle. Some of these
loads are time-critical, but there are also loads
where the driver will not notice different behavior
if their energy request is scheduled in time.
Heating and cooling functions are good examples
for these loads. With an EM system, they become

only active in economic operating points.

Minimizing Fuel Consumption

With a deeper understanding of the power flow
diagram, depicted in Fig 3, and know-how of the
state (engine torque and speed, electric machine
torque and speed, battery state of charge, etc) of
each subsystems of HEV, the power flow through
the whole system is interrelated. This leaves us
with a single control input which is the power
requirement from the drive train which allows us
to change the energy level in the battery with
constraints on the decision variables. This is due
to physical limitations of components as well as
the requirement to have a charge-sustaining
vehicle. Optimization techniques like Quadratic or
Dynamic Programming can be used to solve such
a problem allowing us to minimize the fuel
consumption. Discussion about this is beyond the

scope this article.

"In the field of hybrid electric
vehicles, lot of challenges are

still awaited.

There is still a lot of research
and learning to go for this
big step towards the green

energy.

State-of-the-art numerical
techniques are used to
understand vehicle
configuration, with the only
limitation being their inability
to provide quick solutions

during online strategy.”
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Fig. 1: Temperature distribution in VPS/DRY
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Interested?
For details, you may contact
us at info@cadfem.in

OR

Visit the product page.
Please click here.

Thermal Drying for automotive industry
VPS/DRY in the VirtualPaintShop® software suite

VPS/DRY is a module of the software package
VirtualPaintShop® developed by CADFEM
GmbH., Germany, which can simulate the
thermal heating of body-in-white of car body in
a drying oven.

Overview

Car bodies are heated in several stages of the
automotive fabrication process for curing of
paint or adhesives, for metallurgic purposes or
for evaporating moisture after cleaning steps.
The precise characteristics of the heat-up,
sustsin and cool-down cycles govern the quality
of the above mentioned topics.

VPS/DRY can predict the detailed temperature
vs. time history at any location of the body-in-
white. It further helps in understanding the
energy transfer from various heat sources of
drying oven to the hidden sheet metal parts of
the car body. Primary temperature vs. time
results (Fig. 1) can help in deriving additional
parameters:

Dwell time within a selected temperature
range.

fHardening state of paint and adhesives.

fBake hardening state.

fThermal deformation and stress.

Thermal Simulation in VPS/DRY not only helps in
preparing compliant designs of car bodies, but
also for planning new oven equipment. Its
results can ensure process capability before
launch and reduce the conventional expensive
trial and error using physical prototypes.

Capabilities

fSemi-automatic generation of thermal FE-
models from existing mechanical crash or
fatigue simulation models

fMixed material bodies, damp layers etc, can be
considered

fMadification and visualization of material
properties

Definition, saving and loading of oven
descriptions independent from the car body in
a data base

f/Graphical viewing of defined oven components

{Iterative nonlinear transient thermal solution
including thermal conduction, convection and
radiation

flPost processing on temperatures, convection
and radiation results obtained from analysis

fCalculation of curing states of paint and/or
adhesives by coupling with the KINETIK module

fAssessment of bake hardening of metals

fiCalculation of thermal-mechanical deformation
and stress

fResult files compatible with other Post
processing tools commonly wused in the
automotive design and simulation process

TExport of results into ASCII data files

Workflow

VPS/DRY uses finite element models of bodies-
in-white which are commonly generated for crash
or fatigue analysis. Functions are provided by the
software to assign required thermal properties to
models and materials.

VPS/DRY provides dialogs for entering, saving
and loading shape and properties of the oven
zones and their various heat sources into an oven
description. For existing drying ovens the set of
oven parameters has to be calibrated first using
in-process temperature vs. time recordings on a
real car body. The calibration process is
supported by optimization  for
maximum quality and speed. Once the calibration
process has been done for an oven the oven
description is available for the simulation of any
other body-in-white which is still in the design
stage. With the help of VPS/DRY results,
conceptualization of new oven dimensions can be
done in factory planning. Evaluation of thermal
deformation and stress can be done based on the
obtained temperature results.

numerical

With VPS/KIN, the add-on module to analyze the
chemical curing of paint material and adhesives,
VPS/DRY is a unique, comprehensive and
undoubtedly the best-in-class solution for the
automobile paint shop.
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Solutions for the composites industry

ANSYS Composite PrepPost z for layered composite structures

Introduction

Modern day, light-weight composite materials
found their way into various industrial
applications in later half of 20" century. Some of
the application industries include automobile,
aerospace, defense systems, infrastructure, etc.

Design of composite structures and products has
many challenges with respect to defining
specifications of each layer, which form part of
the composite material. Design of composite
materials involves the identification of best
combination of lamina. This includes the number
of layers, thickness and relative orientation of
each layer. Similar to homogeneous materials,
stresses, deformations and other performance
indicators will help in finding the product’s
performance under actual working conditions.
Further, studies involving the effect of material
layer properties on the failure of each layer and
the composite itself also support the design of
the composite product.

ANSYS Composite PrepPost (ACP) is a tool
developed jointly by EVEN AG of Switzerland,
CADFEM (Suisse) AG of Switzerland, CADFEM
GmbH of Germany, and ANSYS, Inc. ACP can
help the design engineer in carrying out the
necessary analyses of products that are made of
laminated composite materials.

Capabilities

fFully associative with all major CAD systems.

fAllows direct access to complete range of
Workbench Pre-processing capabilities, full
ANSYS simulation & solver technology & ANSYS
variation technology.

fFacilitates optimization of fiber orientation.

fIt is easy to define basic materials with
engineering constants, & coordinate systems
(Cartesian, Cylindrical, Spherical).

11t is easy to define both uniaxial and multi-axial
fabrics with vendor-specific data.

T Element wise stack-up materials still treated as
multiple layers for correct analysis and failure
evaluation.

All content is proprietary information. Any unauthorized use of the newsletter material is prohibited.

T Definition of material application direction
independent of shell normal

IDefinition of material 0° direction and
overlapping multiple oriented element sets is
possible (Fig. 1 and Fig. 2).

fUnique possibility of easy asymmetric laminate
definition - no need of ply-subdivision

T Generation of layered solid composite models
similar to layered shell models

fIdentical layer wise post-processing of layered
shell and layered solid models

fEasy to write and load draping data, & draping
analysis

T Fiber angle-correction analysis

fFlat wrap analysis and export of plies with
distortion

fEvaluation of Inverse Reserve Factors (IRF),
Reserve Factors (RF), and Margin of Safety
(MoS) for composite failure criteria (Max.
strain, max. stress, Tsai-Wu, Tsai-Hill, Hashin,
LaRC, Cuntze, Puck 2D and 3D for UD and
weave materials) at all integration points of all
layers is possible

fCore failure and face sheet wrinkling for
sandwich structures can also be evaluated -
further supported by text plot over each
element identifying the failure mode

fGeneration of individually formatted ply-books
in re-structured text formats and can easily
exported to various formats (*.html, *.pdf,
*.0dt)

TAllows user to automate the material definition
process through python scripting

With its unique & wide range of capabilities, ACP
software provides all the necessary functionality
for the analysis of layered composite structures.

=2

Fig. 1: Material application direction & material 0° direction
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Fig. 3: Failure plot shown along with text plot
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our consulting division at
consulting@cadfem.in

OR

To know more about ANSYS,
visit the product page

Thermal Solutions for Power Cables

Numerical Simulations for Underground Power Cables

The aim of cable ratings is to maximize the
permissible current flow through a cable to a
given maximum operating temperature. The
current flow causes the cable to heat and this in
turn limits the loading capacity. Heating of
cables is one of the major problems encountered
with underground systems. There are generally
two types of heat losses in a cable and these are
current and voltage dependant losses.

Thermal issues

Heat Transfer: To calculate the current carrying
capacity of cables, the rate of heat dissipation
needs to be dealt with. The heat generated by
the cable due to the losses, need to be
transferred away from the cable to ensure that
the maximum operating temperature is not
exceeded. Heat is transferred through the cable
to the surrounding environment in several
manners. Cables that are installed underground,
heat transfer is by conduction from the
conductor to the other parts of the cable and
finally to the surrounding medium. Convection
and radiation are found in cables exposed to air.
As cables exposed to air have a higher rate of
heat dissipation than those enclosed
underground, the heat transfer may be
expressed as per Fourier's law. The heat flux or
transfer rate can be expressed as:

q=- ——W/n?
r dx

In reality, the length of the cable is far greater
than its diameter and the end effects can be
neglected. Now the heat transfer across all
surfaces perpendicular to x and y (Fig. 1) can be
expressed as a Taylor's series expansion and
solved numerically.

Conductor Losses: Current flowing through a
conductor will generate heat and the amount is
often referred in joules, Watts per metre or I’R
losses. This heat generated in the cable has to
be dissipated into the surrounding soil or air.
The resistance R should be kept to a minimum
to reduce this heating effect. This resistance is

mainly due to two factors, skin (ys) and proximity
(yp) effects which is visualized in Fig. 2. In most
cases the manufacturer will provide the AC and
DC resistances for varying configurations but the
alternate method of calculations should the AC
resistance not be known is as follows.
R=R(1+y,+y,)
Skin effect: It is a phenomena based on self
inductance and the increased density of current
carrying capacity to the outer edge of the
conductor. Generally at power frequencies, the
ratio R/R" is close to unity and may be above
unity for large diameter conductors which allow
for the skin effect to be negligible for cables less
than 150m?2,

Proximity Effect: This effect appears with multiple
conductors close together create mutual
reactance into each other increasing the AC
resistance of the cable. This is visualized as the
current densities on the sides facing each are
decreased and those on the opposite side are
increased (Fig. 2) due to the differences in the
densities of magnetic flux.

Dielectric Losses: The constituents of cables
always include paper or other solid dielectric
insulation. When these properties are subjected
to alternating voltage, they behave as large
capacitors with charging currents present. Each
time the voltage is applied, the electrons in the
material realign. This movement of the electrons
causes friction that in turn creates heat. These
losses are proportional to the capacitance, the
phase voltage, the frequency and the loss factor
(or power factor tan 9). For low to medium
voltages these losses are generally small but
increase rapidly for higher voltages. The dielectric
response of material is a consequence of its
capacitive nature (ability to store charge) and its
conductive nature (ability to pass charge). This
material can be modeled by a resistor and
capacitor in parallel.

Sheath and Armor Losses: As the purpose of
conductors is to carry current, this alternating

All content is proprietary information. Any unauthorized use of the newsletter material is prohibited.
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current induces e.m.f.s in the cables metallic
sheath that further reduces the current carrying
ability. These losses are current dependant and
under certain circumstances, large currents can
flow in these coverings.

Thermal Analogue Model

Materials that impede heat flow away from the
cable is due to its thermal resistance. Even
metallic components have a small amount of
resistance but are negligible in any calculations
required. An analogy between electrical
resistance and thermal resistance may be
associated with the driving force to a
corresponding transfer rate of electricity or heat.
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Fig 4: Temperature distribution for a composite cylindrical
wall

Numerical simulation

Numerical methods such as finite element, finite
difference and boundary elements can overcome
certain limitations that the classical methods
cannot solve accurately. Some important aspects
during numerical simulation are as follows.

Size of the Region: Boundary locations are an
important consideration. The objective is to
select a region large enough so that the

calculated values along these boundaries concur
with those in the physical world. The earth’s
surface is one such boundary but the bottom and
sides need to be defined in such a way that the
nodal temperatures all have the same value and
that the temperature gradient across the
boundary is equal to zero.

Element Size: By specifying the size of the space
between boundary nodes for the various parts of
the network being analyzed (cables, backfill, soil
etc.), the user retains some control. The element
sizes should be the smallest near the cable to
obtain accurate results.

Boundary Conditions: Isothermal condition exists
if the temperature is known along a section of
the boundary. A convection boundary exists if
heat is gained or lost, and should be used when
large diameter cables are installed close to the
ground surface. If this is the case then the user
must specify the heat convection coefficient and
air ambient temperature. The third type of
condition is the constant heat flux boundary
condition. This is usually required when there are
other heat sources in the vicinity of the cables
under examination.

Representation of Cable Losses: The cable losses
mentioned previously, conductor, sheath and
dielectric are denoted as heat sources in the
numerical method. These losses require to be
varied with time and / or temperature. Using the
methods for calculation in the analytical method,
the values for losses need to be calculated at
each step using an iterative procedure.

Selection of Time Step: As computations in the
finite element method require evaluation of
temperatures in increments of time, the size of
the time step is crucial for the accuracy of the
computations. The time step should be smaller
than the time period of input current signal.

ANSYS software products Q3D Extractor and
Maxwell (Ansoft family) are superior tools to
work with electromagnetic problems involving
power cables.

"... ANSYS software products
Q3D Extractor and Maxwell
(Ansoft family) are superior
tools to work with
electromagnetic problems

involving power cables.”
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News & Events Author

Praveen Mokkapati
From the world of CAE

ANSYS Software Used to Help Calibrate Meteorological Instruments on Phoenix Mars Lander

University of Alberta used software from ANSYS to aid in interpreting weather data received from the Phoenix Mars lander. In creating a
virtual environment of the planet's unique atmospheric conditions, scientists discovered that heat and radiation from the lander itself could
affect daily readings, such as atmospheric pressure, wind velocity and temperature. ANSYS® software helped scientists interpret the data
transmitted from the Phoenix to Earth -- with rapid turnaround while the mission was in progress -- to identify the effects of the lander itself.

For more information:
Press Release

ANSYS Advantage

The latest issue includes features on the importance of identifying electromagnetic interference early in the product development cycle, how
simulation has helped GM increase the performance of cars including an electric vehicle, and quickly redesigning a part for a utility vehicle to
save manufacturing costs.

Click here to check out the latest issue.

DIGIMAT 4.0.2 is released
e-Xstream is very pleased to announce the release DIGIMAT 4.0.2, the nonlinear multi-scale material & structure modeling platform. The
version is currently available for all customers.

For information on new features/updates, please click here.
Seminar on Robust Design - A success

This seminar on robust design in virtual product development was held successfully on April 7, 2010 in Pune, India. It was well-attended by
local engineers and managers from the industry. For highlights of this event, please visit this page.

11 International LS-DYNA Users Conference
Dearborn, MI, USA
June 06, 2010 — June 08, 2010

The 11 International LS-DYNA users conference will be held from June 6-8 2010 in Dearborn, Michigan, USA. For further information, please
visit:

Event Website:
http://www.ls-dynaconferences.com/

DIGIMAT Users’ Meeting
Luxembourg
October 5, 2010 — October 7, 2010

The DIGIMAT Users’ Meeting is The Material Modeling Conference that provides CAE Engineers and Managers from all over the world with
state-of-the art information on the latest simulation technologies for the accurate modeling of composite materials and structures.
Complemetary activities such as exhibition & training are also included in the agenda.

Weimar Optimization & Stochastic Days - WOST 7.0
Weimar, Germany
October 21, 2010 — October 22, 2010

The annual Weimarer Optimization and Stochastic Days will be held for the seventh time. Come, join the symposium for CAE-based
parametric optimization, stochastic analysis and robust design optimization (RDO) in the virtual product development. The slogan for this
symposium will be ‘optiSLang meets easySLang'.

ANSYS Conference & 28" CADFEM Users’ Meeting Meet us here!!
Eurogress, Aachen, Germany
November 3, 2010 — November 5, 2010

Experience today's simulation technologies for tomorrow's products at the ANSYS Conference & the CADFEM Users' Meeting, featuring ANSYS
products and complementary solutions. For three days, CADFEM & ANSYS Germany will present a diverse range of technical information for
specialists and interested beginners at one of the largest specialist conferences on simulation.

Call for papers: www.usersmeeting.com
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About Us

We're on the Internet!

www.cadfem.in

Software z Consulting z Seminars z Support

Software & Support

Today’s simulation engineers demand for software products that offer the best-in-class solutions to the
problems in the industry. At CADFEM, we offer CAE software products that can solve your simulation
problems. Talk to one of us to know how one of the below products can be useful to you.

1 LS-DYNA - The leading explicit code for mainly simulating highly nonlinear dynamic problems

1 optiSLang - An algorithmic toolbox for sensitivity analysis, optimization, robust design & reliability analysis
1 Diffpack - Object-oriented tools for the numerical modeling and solution of partial differential equations

1 ESAComp - Software for the analysis and design of composite laminates and laminated structural elements
1 DIGIMAT - The nonlinear multi-scale material & structure modeling platform

1 VirtualPaintShop - Paint simulations for the automotive industry

Hand over your support questions to our Technical Support team and relax. Our highly experienced and
well-trained experts ensure a competent and reliable support to the simulation-based product development
team in your organization. Contact us if you are interested in seeking our assistance.
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Consulting

it problems. Contact us to discuss your problems with us.
ISIZI] j?::j:] - Statics/Dynamics

- Strength Assessment (Static/Fatigue)

- Crash Analysis

LS-DYNA

H 2
L digimat
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CADFEM India has engineering expertise in a broad variety of disciplines. Our experience,
in the CAE industry, of over 25 years will strive to provide you with the solution to your

“ Lateral deforma‘t.i‘on of a bottle - Passenger & Pedestrian Safety
- Drop Test
- Metal Forming
@W& - Meshless Methods (SPH)
3 - Computational Fluid Dynamics (CFD)
% W” f - Fluid-Structure Interaction (FSI)
\4!@/ ki - Materials/Composites
\ - Design Optimization
Streamlines in a 4-nozzle vortex tube - Robustness/Reliability Analysis
Seminars

Today’s simulation problems require engineers to keep themselves updated and informed on a constant
basis. At CADFEM, we have training programs designed to meet your needs. You have the option of
attending one of our periodic training programs or have us conduct the training at your organization.
Please let us know the topic of your interest and we shall facilitate the training process.

1 Introduction to ANSYS Workbench - DesignModeler & Simulation
Introduction to LS-DYNA

Contact Simulation with LS-DYNA

Material Models in LS-DYNA

Introduction to CFD - Modeling, Meshing, Solving & Post-Processing

Meshing for CFD Analysis - Tetra, Prism & Hexa Meshing

Fluid Structure Interaction (FSI) - Introduction, one-way & two-way coupling

= =4 =4 -4 -8 A

Visit our website or contact us for next available dates for the training seminar of your interest.

All content is proprietary information. Any unauthorized use of the newsletter material is prohibited.

LS-DYNA is a registered trademark of
Livermore Software Technology Corp. All
other trademarks or registered
trademarks are the property of their
respective owners.

Missing trademark symbols do not
indicate that names of companies or
products are not protected. All
information is subject to mistakes and
alteration.

CADFEM Engineering
Services India Pvt. Ltd.
6-3-887, MCP Arcade, 4" floor
Raj Bhavan Rd., Somajiguda
Hyderabad 500082

Tel: +91 40 64543579
Email: info@cadfem.in
Web: www.cadfem.in
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Training Calendar

S.No  Training title Dates” Venue™ Attending?

2 Introduction to LS-DYNA Jun. 24-25 Hyderabad [ ]

* In case of very few registrations, training seminars will be postponed
*x We can provide trainings at specified/client locations as well

Name (First Name & Surname)

Department

Contact Number

Preferable contact mode

Due to limited number of seats, please turn in your registrations one week before the scheduled training course. Please feel free to contact us
at info@cadfem.in for further clarifications on any of the above courses.

For other dates, please keep checking our website for the latest schedule.

All content is proprietary information. Any unauthorized use of the newsletter material is prohibited.


mailto:info@cadfem.in
http://www.cadfem.in/training/overview.html

