ABOUT SAMTECH

Founded in 1986 from the Aerospace Laboratory of University of Liége to allow

the development and commercialisation of the general purpose Finite Element
Analysis package SAMCEF, SAMTECH is now the leading European Company for
the development of Integrated CAE Solutions. SAMTECH provides its expertise to
industries like SNECMA, AIRBUS, EADS, ALENIA, ESA, SONACA, ABB, PSA, ...
willing fo increase their competitiveness by decreasing design time and cosfs and

optimizing their methodologies. In order to answer this objective, SAMTECH has

structured its competences around two main complementary activities:
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The “Software edition” activity which includes the development of
scientific software tools like the general FEA package SAMCEF, EUROPLEXUS
for explicit analysis or the open obiject oriented optimization platform BOSS
quattro.

The “Engineering services” activity which provides customized solutions
such as consultancy, intellectual services and on-the-road projects. It includes
also assistance to prime contractors and high-tech subcontracts to
engineering offices, which belongs to industries, as well.
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SAMCEF Rotor

Rotor Dynamics Analysis

SAMCEF Rotor is a general Finite
Element solution specifically adapted
to rotating machine analysis.

SAMTECH, Integrating CAE towards Professional Solutions



SAMCEF  Rotor is a solution specifically
adapted to the dynamic analysis of structure
containing rotating components. It is finite
element based and allows to compute critical
speeds, stability, harmonic and time-transient
response of mechanical systems made of
rotating parts, fixed parts and linking devices.

ANALYSIS TYPES

CriTicAL SPeeDS COMPUTATION

Several methods are available and they can be used to solve bending, axial, torsional or coupled problems.

With the sweeping method, the user defines ranges of rotational frequencies whithin which complex eigenvalues have to be
computed.

The direct method allows directly obtaining the critical speeds as eigensolutions. It is used for undamped systems with
constant stiffness.
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PicTure AT A GIVEN TIME OR FREQUENCY

e It is possible to recombine the complex modes for a given phase
angle and to superimpose them on the initial structure.
Displacements, rotations and energies can be obtained;

e Complex displacements, rotations, forces, moments and
stresses after the harmonic response for a given frequency;

* Real displacements, rotations, forces, moments and
stresses after the transient response and for a
given fime;

e For both frequency and time response,
it is possible to animate the result.

3-D MobEeL

Rotors can also be modeled by

3-D shell or volume finite
elements.  This model allows
describing rotors  with  complex
shape like impellers or fan. It is
possible to mix the 3-D model with the
beam model.

DOCUMENTATION

For direct access to information, the Users Guide and Help manual are available via your favorite navigator (HTML).

COUPLING SAMCEF ROTOR WITH OTHER SAMCEF PRODUCTS FAMILY

Compatibility between SAMCEF Rotor and other SAMCEF modules allows a linear/non-linear mechanical analysis on the same model. The file
compatibility between SAMCEF modules makes it possible to perform a structural calculation while taking into account the dynamic analysis of rotating
parts provided by SAMCEF Rotor.

SAMCEF Rotor can also be coupled with BOSS quattro, the application manager and optimization platform developed by SAMTECH.
The following SAMCEF modules are compatible with SAMCEF Rotor:
e SAMCEF Asef, Dynam, Stabi: linear static, modal and buckling analyses,

*  SAMCEF Mecano: unique integrated software that solves non-linear structures and mechanisms problems. The software is declined to provide a
more specific answer to following analyses:

« MECANO Structure: dedicated to the non-linear analysis of structures,
MECANO Motion: dedicated to the static, kinematical and dynamic analyses of flexible mechanisms,
MECANO Cable: dedicated for the analysis of cable systems subjected to electro-dynamic and aerodynamic efforts,
e SAMCEF Thermal: Stationary and transient non-linear themes analysis,

e BOSS quattro : parametric studies, sensitivity analysis, statistical analysis, model updating, design of experiments and response surfaces.

PLATFORMS

SAMCEF Rotor is available on most UNIX platform and on Window NT, 2000 and XP Pro.



MODELING ENVIRONMENT
USER INTERFACE

FREQUENCY RESPONSE ANALYSIS

Several methods are available to compute the harmonic response to unbalances or asynchronous loads.

—— - The Modal Method where the forces and matrices are reduced by projection in @ modal basis and the Direct Method that allows taking into
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CURVES

e The displacements, forces, reactions or stresses o
obtained by the forced response and as a function |
of time or frequency; :

e Orbits after the transient analysis;

e Confidence range of the harmonic response after a
statistical analysis.

SENSITIVITY AND STATISTICAL ANALYSIS

In the frequency domain, it is possible to carry out a sensitivity analysis of the solution with respect to a variation of a set of design
parameters. These parameters can be the dynamic characteristics (stiffness, damping) of the bearing elements.

The sensitivities can then be used to estimate the standard deviation of the solution when the standard deviation of the parameters is
given.




LOADS L

e External forces includes synchronous loads
(unbalances loads) and asynchronous loads
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¢ Radial unbalances or moments;

e  Locally imposed displacements or rotations.
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LINKING DEVICES AND SPECIALIZED ELEMENTS

e Many linking devices such as linear and non-linear bearings, squeeze-films dampers (several models), bushing, gear and control
elements (sensors and actuators) are available;

e Linear constraints and rigid bodies can be defined between degrees of freedom;
e The inertia and energy properties of a group of elements can be obtained using macro elements;
¢ A model-linking element is used to connect an axisymmetrical model of the rotor with a 3-D description of the fixed parts;

e Finally, routines are available in order to generate user elements.

MODELING

SAMCEF Rotor can handle rotors with different rotation
speeds and the user is free to choose the orientation of the
spin axis. We can model the fixed parts using the standard
finite element library.

Superelements (CraiG and BAMPTON) can be used to model
either rotating or fixed parts.

Several models are available to describe rotating parts:

Beam MoDEL

Beams elements are used to model shafts with rigid disks. A
bushing element allows defining a stiffness matrix between
two nodes and can be used to model shaft coupling. The
cross-section can vary along the beam axis (hollow frustum).

AxisYMMETRICAL MODEL

Flexible rotors are modeled by 2-D axisymmetrical shell
or volume finite elements whose displacement field is
developed in Fourier series. With this approach, it is no
longer necessary to make a distinction between shaft

and disks.




