





LINK8 — 3-D Spar (or Truss) PLANE25 — 4-Node
Axisymmetric-Harmonic Structural

Solid
; Basic steps in
i Finite element method
X (radial).u "
SOLID45 — 3-D Structural Solid 1. Create and discretize the solution

domain into finite elements.

2. Assume a shape function to
represent the physical behavior
of an element.

3. Develop equations for an element.

: N _ - 4. Construct the global stiffness matrix
PIPE16 — Elastic Straight Pipe HF120 — High-Frequency Brick Solid

. 5. Apply boundary conditions, initial
o 7 conditions, and loading.
v J/' 6. Solve algebraic equations to obtain
¥ / Y - nodal results, such as
/L_x \% /L,X.u displacements values at different
‘ | Zw nodes etc.
BEAM23 — 2-D Plastic Beam PLANE13 — 2-D Coupled-Field Solid /. Obtain other important information.
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“ANSYS softwars is an efiective tool in simulating the funetion of the spine, Contact clements
a0 extremely useful in modeling the complex comfiguration of components that touch one
asotho. Noalinoar capabllitios of the software are critical in accuratoly representing the
'matorial propertios as well as behavior of tho artificial disc and surroumding cartilage,
ligamonts and musdlo fissue. Such lamant and analysis
are essential in studying the impact, stresses and loading in various parts of the spine. Simply
jput, our work could not have boen done as quickly and accurately any other way."

Dr. Missoum Moumene

Senior Principal Engincer, Ressarch & Development
DaPuy Sping, Inc, a Johnson & Joheson Company

Businesses today - faced with mounting competitive
challenges, customer demands and financial
pressures — are racing to find new ways to enginesr
mora reliable, innovative products while minimizing
costs. Increasingly, these businesses are discovering
that simulation-driven design and development can
be a highly effective way to address this challenge.

ANSYS designs, develops, markets and globally
supports engineering simulation solutions used to
predict how product designs will behave in
manufacturing and real-world environments. Its
integrated, modular and extensible set of solutions
addresses the needs of organizations in a wide range
of industries. ANSYS' solutions qualify risk, enabling
organizations to know if their designs are acceptable or
unacceptable - not just that they will function as
designed. ANSYS helps organizations achieve:

It is not surprising that ANSYS is the catalyst for
this simulation-driven evolution in computer-aided
engineering. Bringing simulation and analysis to the
design engineering level of product development
lays the foundation for a fast, efficient and cost-
effective process.

B Innovative, reliable and high-quality products and
processes

B Fewer physical prototypes and test setups

W Faster return on investment due to reduced
development time

B A more flexible and responsive information-based
development process, enabling the modification of
designs at later stages of development

B A front-end simulation strategy that offers a
superior method for bringing products to market
in less time and with fewer costs

B Seamless working exchange of data regardless of
location, industry, CAD environmert, etc.

Since its inception, ANSYS has been focused on
advancing engineering simulation by developing new
technologies, introducing new solutions, integrating
synergistic businesses and adding new partners to
address a growing base of customers worldwide.

as wall as industry breakthroughs, such as solving 100
million degrees of freedom and introducing a solution
for fluid structure interaction (FSI), have contributed to
ANSYS' growth, halping the company meet customer
needs mora quickly.

As ANSYS looks ahead, the company moves forward
with a clear vision, a sound and corsistent strategy,
financial strength and an unwavering focus on
engineering simulation - the same foundation that
has led ANSYS' growth and success for more than
three decades. Strategic alliances and acquisitions,

ANSYS looks forward to many more years of developing
innovative, rdliable technologies that will solve
tomomow's complex product design and development
challenges in both traditional and emerging industries.
ANSYS is proud to help cultivate a new generation of
product design and development professionals.

Engineering Simulation Focused

ANSYS remains uniquely committed to the core
engineering simulation technologies, which set it apart
from others in the CAE industry. ANSYS' solutions
are unmatched in terms of the functionality and
power necessary to optimize components, subsystams
and systems. By deploying ANSYS solutions at
various stages of product development, many lsading
organizations are leveraging digital design performance
information to make timely decisions. Working with
customers, technology partners and research
institutions, ANSYS dalivers the most robust, reliable
and open simulation solutions - solutions that meet
the ever-growing needs of omganizations worldwide.

Customer Fooused

Fueling ANSYS' vision and strategy is the feedback and
input of the company's growing base of customers,
which includes 83 of the top FORTUNE 100 industrial
companies. In turn, ANSYS commits more than 20
percent of the company’s revenue to research and
development - the highest in the CAE industry. This
investment allows ANSYS to deliver on its vision by
developing and delivering the most innovative and
powerful engineering simulation solutions with
unparalleled depth. Strong and reliable customer
relationships have enabled ANSYS to develop easy-to-
uso software solutions that align with the customer
process - not forcing the process to fit the solution.
Many of ANSYS' industry-focused applications were
driven by actual customer applications.

Autometive air conditioning and engine cooling systems manufac-
turer Behr GmbH & Co. K6 of Stuttgart, Germany, investigates
climatization concapts with ANSYS® ICEM CFD™ in sarly stages of
the product developmant process. Behr uses ANSYS ICEM CFD
software to optimize and validate cimate systems with espect to
passenger comfort end safety, to ensure high-and dimats preducts.



Detail Geometry Creation

Solid geometry of an assembly

Geometry representing the air around an
electric motor armature is created for a
later field analysis.

Patch surfaces created on larger areas
for applying boundary conditions.




ANSYS Multiphysics (examples)

NODAL SOLUTION

AN

ST NOV 1 2007
SUB =1 06:27:29
TIME=1
Uy (AVG)
RSYS=0
DMX =.151528
SMN =-.093239
SMX =.606E-03
o — I
-.093239%9 —-.072384 = 05153 —-.030675 -.009821
-.082811 -.061957 -.041102 -.020248 -606E-03
File: ramka

NODAL SOLUTION

STEP=1
SUB =1
TIME=1
SEQV

DMX
SMN
SMX

(AVG)
.151528
817779
286.836

O 0000 e

AN

NOV 1 2007
06:26:36

817779 64.377 127.937
32.598 96.157

File: ramka

159.717

191.497 255.056

2230247 286.836




ANSYS Multiphysics (examples)

AN AN
NODAL SOLUTION o 55 BHES NODAL SOLUTION NOV 30 2007
STEP=1 00:01:02 STEP=1 00:01:17
SUB =1 SUB =1
TIME=1 TIME=1
SEQV {AVG) USUM (AVG)

DMX =.409745 RSYS=0
SMN =.066964 DMX =.409745
SMx =177.185 SMX =.409745

| 2 EEEE 000 | I

. 066964 39.427 78.786 118.146 157.50% Q .091054 .182109 .273163 .364218

19.747 59.106 98.466 137.825 177.185 045527 136592 227636 .318691 .409745
File: 54 File: 54
AN AN

ELEMENT SOLUTION NOV 11 2007 ELEMENT SOLUTION ——
STEP=1 19:28:11 STEP=1 19:27:57
SUB =1 SUB =1
TIME=1 TIME=1
EPTOEQV  (NOAVG) SEQV (NOAVG)

DMX =.196049 DMX =.196049
SMN =.174E-05 SMN =.347977
SMX =.002247 SMX =449.392

- Vav,
K\ VA7
ara”
I — I [ IS ] —
.174E-05 .501E-03 .100E-02 001499 .001997
. 251E-03 .750E-03 .001249 .001748 .002247 S0 50.242 ' 150.029 i 249.817 2325hL 340 605399'498 449.392
Bile: 513 File: §i3




CFD Design Iteration

ANSYS CFX

Single Design Platform
~ ANSYS Workbench

Parametric CAD Connection
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Rapid solution =~ Easy physics setup







