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SAMCEF Rotors

SAMCEF Rotors is an
integrated system  for
Rotor Dynamics Analyses
including  rotors, fixed
parts and linking devices.

 SAMCEF Field pre- and
post-processor with
specific Rotor Dynamics
driver

d ROTOR module for critical
speed analyses and
harmonic response

0 ROTOR-T module for
transient analyses

d DYNAM for Super-Element
creation, recovery and
ASEF for linear static
analysis (fromm SAMCEF
Linear)
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Rotor Modeling

One or several flexible rotors can be modeled with different rotational speeds and
a free orientation in space.

O Available Models
* Inertial Frame approach including the gyroscopic effect
« Rotating Frame Approach (Coriolis and Centrifugal effects)
 Beam with rigid disks
* Axi-symmetrical (Fourier Multi Harmonics)
« 3-D model
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O Damping
* Viscous proportional
« Variable

» Viscous circulatory forces in the
inertial frame

* Hysteretical
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Rotor Modeling: Fourier Multi Harmonic

Possibility to reduce the size of the model by Component Modes
Synthesis (Super-Elements)

Example:

Boundary nodes: auxiliary Tearing — senw Unbala?ce
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Idealization: Fourier links + mean element
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Rotor Modeling: Cyclic Symmetry

d 3-D
model Wave propagation condition linking the left and
i right boundaries:
» Inertial frame approach 2jmn
L) — 0 Noor () _ B 7 ()
> Cyclic symmetry ¢ =¢ a4 = 1q

Example: identical critical speed prediction
3rd forward 57.12 Hertz

> Wave number Oor 1
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Rotor Modeling: Cyclic Symmetry

d 3-D
model

> Rotating frame
approach

» No static parts

Wave propagation condition linking the left an

» Cyclic symmetry or not right boundaries:

2izn

L@ — p N o) _ i 7 ()
qQ =e¢ qQ =¢ q
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System of equations to be solved for one
sector or the whole rotor:

f(q)-Q"Ng=f,(Q")
Mg +(B+Q0)q+(K, +K_-Q°N)qg=0
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Rotor Modeling: Multi Stage Cyclic Symmetry

d Principles:

» Each stage is modelled by one basic sector in cyclic coordinates

» The same wave number (engine order) is assumed for each stage
(Approximation !) Additional Cyclic Fields per Stage may be used

»  Continuity at inter-
stage junction is first
expressed in physical
coordinates and then
reduced to the cyclic
ones

0T0Z - [euoneusaiu] SINT WBLAdoo

Au ) Leading Partr
Test &Mechatronic ¢

(LMS

ENGINEERING INNOVATION




Rotor Modeling: Multi Stage Cyclic Symmetry

Nceuds 153 195
Volume tétrahédre W type 47 537 113
Membranes triangle A type 57 153 820
Eléments MAPP :
“ ol S T | | 14888
-SYC
Masse concentrée L type 159 224
Total 706 015
Nombre de degrés de Onde 0 2 446 841
liberté Onde >0 4 893 302
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Stator Modeling:

The foundation or casing can be modeled with contribution to stiffness, mass and
damping.

O Available Models
 Inertial frame approach
* Super-Elements

* Full Finite Element library (rod,
beam, bushing, rigid body, shell,
volume and Fourier elements).
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d Damping
* Proportional
* Viscous (constant or variable)
* Hysteretical
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Linking Devices

O Types of devices
* Rolling element, journal or magnetic bearings
« Seals
« Squeeze film or solid-state dampers
* Gears
* Fluid interaction forces or rubbing

Radial clearance

d Available joint library
* Linear non symmetrical model
» Transfer function (magnetic bearing)
* Gear element
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radius of

outer race » Bushing (rubbing, clearance)
: » Hydrodynamic journal bearing
Schematic representation of a rolling element bearing . Squee ze film dam per

A 4 Leading Partner in
e (g S

Mechatromc Simulation ENGINEERING INNGVATION




Linking Devices

0 Gear element with pressure,
toothing and conicity angles

U Coupling of bending, torsion
and axial deformation
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Linking Devices

Journal Bearings:

- Cylindrical Tilting Pad Bearings: example 5 identical pads
Q Tilting pads J g5 P P
O Multi lobes
ga ) | eadin
Teg! 'S;Mechatrf
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Critical Speeds and Stability Analyses

Complex eigenvalue problem
IA'M+AB Q)+ K(Q)}g=0

Methods Results

O Sweeping: within ranges of rotational QO Complex eigenvalues (circular s
frequencies where the complex eigen- frequencies and damping =
values have to be computed. coefficients), associated Z

—For large problems: sparse solver multi- eigenvectors, generalized s
frontal, Lanczos, subspace bi-iteration quantities and effective masses. ;

O Distribution of energies (kinetic =

QO Direct : It gives the critical speeds as energy, strain energy,gyroscopic &
eigensolutions (undamped systems and dissipation)
and constant stiffness only). 4 Campbell’s Diagram

—Lanczos Method and Sparse Solver (Frequencies, Damping, Critical
Available. Damping and Root Locus)
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Critical Speeds and Stability Analyses

d Campbell Di

T ———
o Ol Pt Py

- - . . agn
BE ][ ]la](a] [~]E L8]] ]ln
= riical speeas
) T
gy par
:: > D I
o
:: . : > St ili
S ability
57 QPSS SR I I NN SIS N S P
——
s = o
] E———— et e e le Tools Display Parameters Axis Parameters Rotor
= Fet Group 1
e e e Finctos [ Fssarineions | o
am
ek & U scabe 0128
P—s - ovmantns 01
FrE | et — ot
0110
0105
0100
] o005
Slope of the Critical Speed Line |1 0000
rptan, 088
aue.. 704850699848 7048 50639828 -
que.| 13219 49986019 13219 49986019 om0
que. 70543 61127618 7034381127613 o073
bl 24834 83314292 24334 83314292 0070
que. 2385119473281 73351 19473281 @ —
Ll 37513674137 37513674137 =
mgm omalex que..| 35884 8027357 35384 8027357 ooe
aue..| 38400 4742487 384004742487 0055
que.. 45011 7481534 45011 749 EET
aue..| 18671 5382425 18531 5882486 o
q 50892 3042123 50892 3042123
. que.../55011.8280051 55011 6280051 (=3
S ee S oL 59372 24593919 59322 24593919 0035
. omalex que..|57434 60526507 57494 60526507 o0
Ll 61190 59309758 61190 59309758 S
omglex L 6173178734056 6173178234056 5
aue.. 57569 1121387 5756841213876 oom
£l 6977572637852 6977572637852 0015
aue... 72062 62631651 72052 92631681 o
q 78971 68427407 78971 63427407
aue..|78330 72354155 7853072334155 0008 s
bl 82437 82953452 22437 82953452 0000 . P e o o o e
o eatod Tatsnias i ‘oo om0 3000 30000 7::’::'::: 70,000 BOOD0 GO0 fOOOD0 110000
I 84490 56037485 84490 56037485
L 90357 9480513 90357 9480513 -
Units & U Co I
aue.. /941796643084 94179.6643044 s & Lser Bk
omplex que.|97296 02802375 [97234 02800375 Abscissa Unit 1 [+]  ordinate unit | []
aue.. 104074131597 1020741315
0 4308 080544 104808 08054433 N N . . @
X h ) . ST Tt e Allslndelj Xmin [0 Xmax [119.586¢3 | Ymin|0 Ymax [0.12732552 Apply Scale ®
I3 \ Leadlng Pa rtner in que..[110128.7593082 1012876980824 F
Tt
3 @‘ Close ) ]
Close
-

Test &Mechatronic Simulation

ENGINEERING

INNOVATION

0T0Z - [euoneusaiu] SINT WBLAdoo




Critical Speeds and Stability Analyses

S VR 5 A
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Mode Test Model
50.48 Hz 50.83 Hz

2 131.61Hz 130.74 Hz
351.59Hz 342.54 Hz
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Critical Speeds and Stability Analyses

d Energy Distribution per Mode

»  Strain, kinetic, dissipation

» Percentages (linking devices)

(@]

o

o

! Mode 1! Mode 3 ! Mode 5 | Mode 7 | Mode 9 <

Energies ! 2875.30 RPM ! 8014.84 pPm ! 22192.40 RPM | 42185.79 RPM | §2855.94 RPM =
(in'%) ! Q

! Energies ! Energies ! Energies ! Energies ! Energies =

Groups tstr. T ki 0 ostr, T orine 0ostr. T orine Poste. T Rin. ! ostr. T Kin. -

E_A ! 0.0 17,6 ! 0.6 ! 24,31 9.1 ! 85.5 ! 2.8 ! 7.3 0! 0.0 ! 0.0 <
E_SHAFT Pos2.y b 10! BY.4 0 11,80 B9 D 18,2 0 Bz.2 ! 7.8 ) 0.0 ! 0.0 (09}
E_B ! 0.1 ! 9.1 ! 0.3 ! 35,31 0.1 ' 13.4 ! 0.4 1 15,5 ! 0.0 ! 0.0 —
E_C ! 0.0 ! 9.2 ! 0.0 ! 5.3 ! 0.0 ! 0.4 ! 0.0 ! 0.4 ! 0.0 ! 0.0 2
E_D ! 6.6 ! 16,1 ! 10.7 ! 10,3 ! 3.4 ! 0.7 0 12,5 ! 1.0t 0.0 ! 0.0 0]
E_DISK ! 0.5 ! 5.6 ! 0.9 ! 4.4 ! 0.3 ! 0.4 ! 1.7 ! 1.0 ! 1.2 ! 0.1 3
E_BOLT ! 0.0 ! 1.7 ! 0.0 ! 0.5 ! 0.0 ! 0.0 ! 0.0 ! 0.1 ! G6.4 ! GE.4 )
E_EEARINGE ! 0.1 3002 ! 0.2 ! 8.1 ! 0.1 ! 0.5 ! 0.4 ! 1.0 ! 2.3 ! 1.5 =3
E_SPIETHL ! 0.0 ! 0.3 ! 0.5 ! 0.1 ! 7.9 1.6 ! 2.4 ! 0.2 ! 0.0 ! 0.0 o
>

=
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» Density (structure) S
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Linear Harmonic Response

Loads

0 Synchronous (unbalances) oM +ioB(Q)+ K« q=g

O Non synchronous (gravity, rotating fluid force, pressures, maneuvres...)
O Force, Overall or local Acceleration, Displacement or Velocity

Methods

Q Projection on a Modal Basis (Real and
COmpIeX) e

O Direct Complex Solver

O Frontal Method or Sparse Solver fa
Complex Non Symmetrical Systems
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Non Linear Harmonic Response

Non-linear terms as bushing, clearances, rubbing

Synchronous response (unbalances)
FO’M+ioB(Q+ K} g+ f(g)=g

Methods
O Direct Solver e

0 Newton-Raphson on a Reduced et |
of DOF’s “ 1

U Equivalent Linearization (Harrﬁ@'ﬁic
Balance)

_Adoo

Results for Harmonic Responses (Linear and Non Linear)

O For a given Frequency, drawing of Amplitude, Phase or Recombined Value
(Displacements, Reactions and Stresses/Forces Moments) and Animation

O Plots versus Frequency of Amplitude & Phase of Displacements, Velocities,
Accelerations, Forces, Reactions, Stresses and Moments
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Transient Response

For Run-Up, Run-Down, Blade Losses (Unbalances) and Non Linear
effects such as Clearances, squeeze-films, hydrodynamic bearings and
rubbing

MG+B(Q)g¢g+K€Q,Qq+ (g, ¢, =g®

With Local non-linearity, variable rotating speed, non-symmetrical
Stiffness and Damping matrices

Loading Initial Conditions
Q External Applied Forces Q Initially Statically Applied Forces
3 Overall Accelerations O Initial Stepwise Force
Q Local Accelerations Q Initial Dirac Impulse

O Initial Harmonic Force
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Transient Response

Fenctions | fused functions | FIT
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— f1-Relative Displacement: Bearing_on_1_node_of_Mesh_rotar+1_node_of_Mesh_case Comp2 [C9530] Element &
— f2-Relative Displacement; Bearing_on_1_node_of_Mesh_rotor+1_node_of_Mesh_case Comp3 [C8530] Element &
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Summary

SAMCEF Rotors

= Accurate simulation of rotor dynamics,
- different level of models (beam, 2D, 3D, cyclic symmetry, ...)

= Applicable to very different domains - - Aerospace (jet
engines, turbo-pumps, ...)

- Energy (electricity production turbines)
- Vehicles (boat, tanks, ...)
- Machines (centrifuge, fans, turbo chargers, ...)
= Complementary to LMS testing methods
= Various design situation
- critical speed
- unbalance forced vibrations
- run up, blade loss, .. transient analysis
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