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Field of application Features of application

* high-vacuum turbo-molecular pumps | * absence of lubrication and wear

* precision measuring instruments, * absence of contact and contamination * limited bearing capacity
gyroscopes, * active control of stiffness and damping * high objective power

test desks etc. * rotation speed(up to 800 000 rpm) * high heat generation

* centrifugal compressors * low noise level * high weight

* grinding and milling spindles * precision of rotor axis position (up to * control system is required
* balancing machines 0.5 pm)

* flywheels for energy accumulation * work in extreme conditions

* gas generators (high-vacuum, zero gravity, variable

* pump stations temperatures )

The synchronous

The turbo-blower for Fooling generator supported by
a laser (CO,). Speed is 54000 1, superconductive

rpm, the magnetic bearings The gas-turbi -4 radial

) . gas-turbine generator: 4 radia
rotor mass is 3.6 kg, the motor  Temperature is 28K, e C?mpreiSO’”lHOI*jIMfor bearings and 1 thrust bearing,
power is 12 kW, the radial maximum pumping naturat gas: . 6010 rpm, 9000 kW, the bearing
bearine diameter is . integration of the direct drive ; i

g speed is 4500 rpm A A diameter is 400 mm (S2M).
48 th and the magnetic bearing
mm, the (SIEMENS,). , .

bearing force is 230 N in the turbomachine, 6 MW,

(TRUMPF/MECOS). 9000 rpm (MAN Turbo/S2M).



The modulus - The magnetic hearing- for the rotor dynamics tasks
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The DYNAMICS R4 software for the rotor system analysis
and design in the unsteady and non-linear approach
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Integration of the “Magnetic bearing” modulus into Dynamics R4 TRANZIT

Any types of dynamic loads — internal and external— F(t)

Dynamic model of the rotor system
Dynamics R4

[M]{i} + [Cl{u} + [K|{u} = {F(t)} + (R}

{u), {i} (R}

Model of non-linear link (for example, AMB)
{R} = K{u} + C{u} + IJ.{u}

woN2A I, 1 N2A,I
0 0

N2A,I
- _MO g bK-
i

K; I= ;
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The elements for the rotors simulation in Dynamics R4
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Representation

Initial data

Ball and roller bearings

Deflection limiter
(clearance)

Representation

Subsystem 1

Stifiness
damping.
package 1

Initial data

Des Front support
conn_type

sidel_subs  Subsystem L ﬂ
side1 | 0
sideZ_subs
trns_esclude ves j
Type Isotropic j
skiff_matrix l:l
damp_mattiz ...

d* 0

ot 200

g 100

-

Designation
Twpe of connection

Sidel subsystem

] j sided offset

Side? subsystem

Exclude from transient analysis
Link bype

Stiffress matix

Damping matriz

mm ﬂ Inner diameter
i ﬂ Cuter diameter
] ﬂ width

Des

conn_k

sidel_subs Subsystem 1 ﬂ

sidel |

side?_subs Subsystem 2 ﬂ

sidez_|
Dr

z

i
delai
deltan

Kp_input  input ﬂ

kH
]
g
i
B

Ball Beating support 3
vpe  via body ﬂ

Designation

Type of connection

Sidel subsystem
j sided offset

SideZ subswstem
1 ﬂ side2 offset
11,8062

1 mim

j Raling elements diameter
Rolling elements count

j Inner race diameter

ﬂ Inner race clearance

ﬂ Cuter race clearance
Type of Hertz stiffness input

1,334e+010 Mfm j Hextz stiffness

2940 H¥sim ﬂ Damping coefficient

i ﬂ Inner diamgter

i j Outer diameter

mm ﬂ width

Dies
conn_kype
sidel_subs
sideZ_subs
sidez_|

L1

Lz

L3

k1

cl

kz

s

33

delta

Clearance 2 2
via body LI

Subsystern 1 LI
1

o

o

o

1600

a

1e+010

a

50

o oo oo o o oo

Diesignation
Type of connection
Side1 subsystem
Side2 subsystem
mm LI side? offset:
mm LI Displacement L1
mm LI Displacement L2
mm LI Displacement L3
Mjm LI Cramper package 1 stiffness
M¥sfm LI Package 1 damping
My LI Dramper package 2 stiffness
M¥sfm LI Package 2 damping
mm LI Facket radius
i LI Radial dearance
mm LI Assembly eccentricity 1
i LI Aassembly eccentricicy 2
deg LI Initial angle position of &1
deq LI Initial angle position of &2
Msjmz2 LI Friction cosfficient
Minimal slipping speed
mrm LI Inner diameter
i LI Outer diameter
mm LI width

Magnetic bearing

Representation

i

Model
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Initial data
Des Amn1 Hazsanue
conntype via body K| Tun nogwioueHa
sdelsubs | Mogcueremal - Togewcrenia am cevenma 1 cassi
sidel | 155316 mm j MONCKEHNE FPAHWYHOND CeyeHiA 1 carsn
sided_subs Kl Mloacucrensa g ceverin 2 cemsn
Type Visorponmsii K| Tun casmn
OptType  cramaapr Kl Pesci 56033 napaeTpo
Geometry Type Lnurgp K| Tan o usannes
i @ mm 7| Buyrpensia aravierp nesa
) m 7| Bewsui ravierp
b B I ——
- 04 mm 7| Pagyanshei e30p Mexay craTopom n poropons
Imax 5 P T ———
Np 1 T —
Nep s ncaa nomocos ynpasnens
TPl 0 deg | Yron noaopoa nepaoro nomoca ynpasnestes
Cailing nonwoe sanonweswe nzsa | Tun obuoren
Fluxdirction  nonepevioe K| Hanpasnekwe MarwiTHoro noToks
Jmax 6 A/mmlj MakcumMansHaa nACTHOCTE ToKa B 0BMoTKe
Contiollr M- perynarop Kl Tun perynarops
kp 50000 Mponopusosansas cocraensrousas MW-peryni
kd 5 [ndbepernansian cocrammouiza MW-peryn
i 0 I P ——
D 0 L] [T —
B 0 w7 wpnes




Unbalance D=5 g cm

Rotor parameters

Mass, m

Length, L

Moment of inertia, J,

Nominal speed, ®

AMB parameters

Nominal stiffness, N/m

Nominal damping, N sec/m

Spring link with Radial clearance, mm
the base

Spring link with
the base

Backup bearings parameters

Stiffness, N/m

Damping, N s/m

Radial clearance, mm




Critical speeds of the rotor supported by AMB

0,000; 0,174
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Forced oscillations of the rotor supported by AMB
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Locus chart Logarithmic Decrement
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Unsteady analysis of the rotor supported by AMB e

Unsteady analysis in consideration of weight, Change in current, I
K=0.5 e+8 =const

npex =

Transient response Transient response
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AMB damping control AMB stiffness control

Transient response Transient response
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The rotor dropdown on the journal hearings TRET

Spring link with the base Radlal Clearance in AMB , mm

@ o . — .
Radial clearance in journal bearing,
,_‘ ‘:. : Clearance in AMB mm

J Clearance in journal bearing ]

AMB stiffness, N/m

—
=z

AMB damping, N s/m

001 000 001 002 003 004 005 006 007 008 00 a10 on

Contact stiffness, N/m ]

§ Transition period

[t (Steel on babbit) 0.005
Journal bearing 1 Journal bearing 2

—

Transient response Transient response

AN ‘.‘.\\ - \

Going into
backward precession

Backward precession

i
-001  -000 001 002

Orbit (Transient response)

-
Orbit (Transient response)

Orbit (Transient response)




The rotor dropdown on the rolling hearings

Radial clearance in AMB , mm

Radial clearance in rolling bearing,

o o

Rolling bearing
—

@ [ Crearance in AME Radial clearance between the shaft

and the rolling bearing, mm

AMB stiffness, N/m
AMB damping, N s/m

Contact stiffness in rolling bearing,
N/m

Bearing 1 Bearing 2

Transient response

&8 8
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Rotating speed of
inner ring of rolling
bearing

n =30000 rpm

The rotor stop.
Rotating speed changes from n = 30000 rpm
upton=0rpm

Transient response

At= 10 s

Movement before Going into
whirling motion whirling motion

Orbit (Transient response) Orbit (Transient response)
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The general methodology of designing the rotor e A
supported hy AMB e

Determination of necessary values of AMB stiffness and damping
Estimation of AMB control coefficients and adjustment of the control system

Determination of the rotor’s damped critical speeds and mode shapes — places of prospective resonances

Calculation of forced oscillations and amplitude values of vibroparameters : displacements, vibrovelocity,
reactions in supporting units. etc.

Development of the program of current — AMB stiffness and damping — control for passing systems
resonances and going into the operating range

Unsteady analysis of the rotor supported by AMB with the aim of more precise definition of the rotor’s
characteristics at transient regimes

Simulation of the rotor supported by backup bearings. The non-linear unsteady rotor analysis. The aim is to
determine the possibility of the rotor’s going into whirling motion or backward precession

The unsteady rotor analysis after switching off AMB supported by non-linear rolling bearings while the rotor’s
deceleration and determination of resonance regimes
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