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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through 1SO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

bnal

non-governmental, 1n laison with 1SO, also take part in the work. 1SO collaborates closely with the Tnternafi
Electrotechhical Commission (IEC) on all matters of electrotechnical standardization.

Internationgl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart 2.

The main thsk of technical committees is to prepare International Standards. Draft Interriational Standards
adopted byl the technical committees are circulated to the member bodies for voting.‘“Publication ag an
Internationgl Standard requires approval by at least 75 % of the member bodies casting 'a.vote.

Attention is|drawn to the possibility that some of the elements of this document njay be the subject of pdtent
rights. 1ISO shall not be held responsible for identifying any or all such patent rights.

ISO 14839- was prepared by Technical Committee ISO/TC 108, {Mechanical vibration and shpck,
Subcommitjee SC 2, Measurement and evaluation of mechanical vibratien and shock as applied to machipes,
vehicles angl structures.

ISO 14839 ronsists of the following parts, under the general titlecMechanical vibration — Vibration of rotgting
machinery ¢quipped with active magnetic bearings:

— Part 1: Yocabulary

— Part 2: Evaluation of vibration

The followirjg part is under preparation:

— Part 3: Evaluation of stability margin.

© 1SO 2004 — All rights reserved
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Introduction

This part of ISO 14839 concerns steady-state values of rotor vibrations and the AMB coil currents

and voltage

measured during nominal steady-state operation, but not the transient condition while passing critical speeds.
The regulations of these transient vibrations passing at the critical speeds are established in ISO 10814 in

which the modal sensitivity, the so-called amplification factor (Q-factor), is then evaluated. This top

ic is beyond

the Ecope of this part of ISO 148309.

Becfuse of the stiff support of oil-film bearings with small clearances [e.g. bearing radial clearance

(C) divided

by the journal radius (R) C’/R = 0,001], shaft vibration should be regulated within low devels to gvoid oil-film
rupture of the lubricant and metal contact inside the bearing. In contrast, the relatively seftsupport of AMBs and

correspondingly large clearances (e.g. C’/R ~ 0,005), a larger vibration level is often*ebserved in

AMB rotors,

but |s quite normal and acceptable. The lower stiffness introduces no major problems in the transnfission force

to thhe machine foundation. Compared to the oil-film bearing rotor standards (see the ISO 7919-1
parf of ISO 14839 provides greater values of zone limits for vibration assessment and acceptance.

series), this

© 1SO 2004 — Al rights reserved


https://standardsiso.com/api/?name=17878f81a3ce4360a98f41f8c2f9f7ca



https://standardsiso.com/api/?name=17878f81a3ce4360a98f41f8c2f9f7ca

INT

ERNATIONAL STANDARD ISO 14839-2:2004(E)

Mechanical vibration — Vibration of rotating machinery

€q

uipped with active magnetic bearings —

Part 2:
Evaluation of vibration

This
with

Both indices are measured under nominal operating conditions n*house and/or on site. These gu

preg
occ

This
turb
This

equ
sca

Thid

2

The|
refe
(inc

ISO
eva

Scope

part of ISO 14839 sets out general guidelines for measuring and evaluating rotating machine
active magnetic bearings (AMBs) with respect to the following two indices:

Shaft vibratory displacement measured at or close to the AMBs, and

working current and voltage measured in magnetic coils or power sdpply amplifiers.

ented in terms of both steady-state running values of these\indices and any magnitude changej
Ir in these steady-state operations.

D-pumps, steam turbines, turbo-generators, turbe-fans, electric drives and other rotors supporte
part of ISO 14839 establishes the vibration, current and voltage evaluation of the rotating

e rotors such as turbo-molecular pumps; spindles and flywheels.

part of ISO 14839 covers both AMB-equipped rigid rotors and AMB-equipped flexible rotors.

Normative references

following referepced’ documents are indispensable for the application of this document,
Fences, only the-edition cited applies. For undated references, the latest edition of the reference
uding any amendments) applies.

7919-1,\Mechanical vibration of non-reciprocating machines — Measurements on rotating
uationscriteria — Part 1: General guidelines

'y equipped

idelines are
5 which may

part of ISO 14839 is applicable to industrial rotating machines generating or consuming noininal power
greater than 15 kW, and is not limited by size or opérational rated speed (i.e. comprising turbo-cq

mpressors,
by AMBS).
machinery

pped with AMBs, specified by a comparatively large power capacity as described above, exclliding small-

For dated
d document

shafts and

3.1

Measurement and evaluation procedures

Description of rotor-AMB system

A typical rotor system supported by AMBs is illustrated in Figure 1. An AMB is located at each end of the shaft
and includes an adjacent displacement transducer and an emergency (auxiliary) ball bearing. The axial AMB is
omitted in this figure. The control network for driving the AMB device is shown in Figure 2. As shown in these
figures, each displacement transducer detects the shaft journal position at the bearing locations and its signal is
fed back to the controller. Deviation from the bearing centre is delivered to the controller. This controller might,
for example, implement a proportional, integral and differential actions (PID) control algorithm. The controller
drives the power amplifiers to supply the coil current. If the shaft moves downward, the upper electromagnetic
coil is activated to lift the rotor upward by the magnetic force. Since, in this manner, the magnetic force acts

© 1SO 2004 — Al rights reserved
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upon the shaft so as to maintain the shaft at the neutral position inside the bearing, the AMB accomplishes both
levitation and vibration control without mechanical contact.

,_ILD

\J

Key

1 AMB
2 displa
3 touch
4 clear:

cement transducer
-down bearing
ince

Figure 1 — Roter system equipped with active magnetic bearings

3.2 Displacement

Throughout
shaft from t
parts of the

this part of 150714839, the term “vibratory displacement” refers to the total displacement of
e bearing's\centre, including any static displacement. The vibration measurement of the statio
machine(e.g. bearing housing) is excluded from this part of ISO 14839.

the
hary

(%)

s of

AMB equipinentin rotating machines has its own displacement transducers for detecting shaft movement,
and y(t), aIE Shown in Figure 3. No additional displacement transducers are required. The detected valug

shaft vibratory position by these displacement transducers is the subject of this part of ISO 14839.

© 1SO 2004 — All rights reserved
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A
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5
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Key
1 AMB
2 displacement transducer
3 power amplifier
4 controller
5 journal position signal
6 reference signal
Figure 2 — Layout of AMB control network
-//1
— 3
IS / el
TXSSSN]T Y
2
3 AKQ
Key
1 casing
2 shaft
3 displacement transducers

Figure 3 — Displacement transducers of AMBs
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As shown in Figure 3, the displacement transducers are oriented in the x and y directions at each radial
bearing. The signals from these displacement transducers indicate the rotor journal position including the d.c.
component (eccentricity) and a.c. component (vibration orbit) as shown in Figure 4. Eccentricities from the
clearance centre of the AMB (designated O-0;) in the x and y directions are designated &, €,, while the
vibration orbit amplitudes in the x and y directions are designated a.., a,,. The maximum displacement of the
rotor from the clearance centre of the radial AMB, designated D,ay, can be calculated from Equation (1) exactly

Dinax = max {\ [ 23 (t) + yz(t)} 1)

or approxinated by Equation (2), based on the orbit observation:

Dmax ~ \/ wﬁwax + y;ax (2)

where

Tmax =|€z + Qg
Ymax =€y + Ay

This formul@ to estimate the maximum displacement in a certain directiorn will generally overestimate the ekact
value with § maximum error of approximately 40 %.

The evaluation of D,,,, from Equation (1) and (2) using the signals measured by two displacement transdugers
is relatively|complex. A digital oscilloscope or other specialinstrument is required. As a simpler procedure| the
maximum value of the displacement values measured in.two orthogonal directions is recommended as shpwn
in Figure 4,|based on the waveform observation:

Dinax 2 max[Zmax, Ymax] ®)
This equatipn will, in general, underestimate the displacement.

Any of thesg three displacement quantities may be agreed upon as the method of characterizing the maxium
displacemept Dy.x. In order tg-avoid contact problems between the rotor and stators, the following formula
should be shtisfied with a certain margin against the minimum radial clearance Chin-radial:

Dmax Cmin-radial (4)

This Dpay i the index used to evaluate the clearance margin in this part of ISO 14839.

For assessment in this part of ISO 14839, the axial movement, z, of the rotor is measured to compare with the
minimum axial clearance Chin.axial in the same manner as shown in Figure 4. In this case:

Diax = Zmax < Chin-axial (%)

These measurements considering the radial and axial directions should be made under agreed conditions over
the operational speed and load ranges of the machine. These measurements should typically be made after
achieving agreed thermal and operating conditions. It should be noted that these D, indexes are measured
only for the specified steady-state conditions including nominal slow changes in load. In addition,
measurements may also be taken when different conditions exist or during transient changes, for example,
during slow roll, warming-up speed, critical speeds or shut down. However, the result of these measurements
may not be suitable for this evaluation.

4 © 1SO 2004 — All rights reserved
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Figure 4 — Unfiltered shaft orbit and vibration time history
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3.3 Coil current and voltage

At the time of publication of this part of 1ISO 14839, there are not enough data to define a criterion that
guarantees the reliable operation of the electrical part of the AMB system concerning the working current and
voltage in the coils. These parameters are thus not put into the evaluation, but the corresponding information is
stated as guidelines in Annexes A to C.

4 Evaluation criteria

4.1 Gen€g

Two evalua|
magnitude
they are ing

4.2 Crite

Reliable op
rotating and
bearings or
statically m
design.

In the case
the running

structures, @s stated in ISO 7919-1, are excluded due to<the comparably soft and non-contact support of A

rather than
ISO 14839

ISO 7919-1
follows.

Zone A: Th

ZoneB: M
unrestricteg

Zone C: M4
term contin

ral

fion criteria are used to assess the journal displacement of AMBs. One criterion ©onsiders
bf the observed displacement; the second considers changes in magnitude, irrespective of whe
reases or decreases.

ion |
eration of AMB machines requires satisfaction of Equations (4) and’ (5) to avoid contact betw
stationary parts of a machine (e.g. at AMB stators, adjacent displacement transducers, touch-d

labyrinth seals). The minimum radial clearance, Cy,,, can ¥e defined by the minimum gap W
bving the rotor in any radial direction. The touch-down bearing gap is generally set to be C'y;

pf AMBS, this criterion is concerned with defining limits only for the journal displacement to mair]
clearance margin. Other concerns with bearing@ynamic load and the transmitted force to statio

oil-film bearings. Therefore, the speed dependency of the limit values does not exist in this pa
And these limit values shall be constant.in the whole range of rated speeds.

e vibratory displacement of'newly commissioned machines would normally fall within this zone.

achines with vibtatory displacement within this zone are normally considered acceptable
long-term operation.

ichines with vibratory displacement within this zone are normally considered unsatisfactory for |

suitable opTortunity arises for remedial action.

lous eperation. Generally, the machine may be operated for a limited period in this condition ur

the
ther

een
pwn
hen

W by

tain
nary
VIBs
rt of

establishes vibration zone guidelines for oil-flm bearings. The definitions of each zone ar¢ as

for

bng-
til a

Zone D: Vibratory displacement within this zone is normally considered to be sufficiently severe to cause
damage to the machine.

The corresponding zone table for magnetic bearings, established from international experience, is given in
Table 1. The corresponding graphical descriptions are provided in Figure 5.

These values are not intended to serve as an acceptance specification on either a test stand or the
commissioning installation. The acceptance specification shall be subject to agreement between the machine
manufacturer and customer. However, the values in Table 1 provide guidelines for ensuring that gross
deficiency or unrealistic requirements are avoided. The values in Table 1 may also provide guidance for
condition monitoring, problem diagnosis and for setting operating limits. It should be noted that general

information

on alarm and trip operating limits is stated in ISO 7919-1.
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Table 1 — Recommended criteria of zone limits

Zone limit Displacement Dpax
A/B < 0,3 Chin
B/IC < 0,4 Ciin
C/D < 0,5 Chin
NOTE Chin is the minimum value of radial or axial clearance between rotor and stator.

Y 3
500 — 0,5
| D Vi
400 — 0,4
B C _
300 — 0,3
B B _
200 — —
B A ]
100 — _
ol Lo o Lo Lo ]
0 250 500 750 1000
X
Key
X minimum radial clearance, Chi,, in micrometres
Y maximum peak displacement, Dpax, in micrometres
@ Ratio Dmax/Chyiny
Figure 5 — Zone limits for vibration criteria
4.3| Criterion

This criterion provides an assessment of the change in the vibration magnitudes from a baseline. A significant
change in broad-band magnitude may occur which would require some action even though zone C of Criterion |
has not been reached. Such changes can be progressive with time or instantaneous, and may point to incipient
damage or some other irregularity.

Criterion 1l is specified on the basis of the change in broad-band magnitude occurring under steady-state
operating conditions. When Criterion 1l is applied, it is essential that the measurements being compared be
taken under approximately the same machine operating conditions. Significant changes from the normal
magnitudes should be regulated to less than 25 % of the upper boundary value of zone B, as defined in Table 1,
because a potentially serious fault may be indicated. When the change in the magnitudes is beyond this
criterion, the reason for the change shall be determined, and any further action required shall be decided.

© 1SO 2004 — All rights reserved 7
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Annex A
(informative)

Case study on an LP centrifugal compressor equipped with

active magnetic bearings (AMBS)

Al LPg

The charag
compresso
values of th
780 kg. The
10900 r/mi

The AME
D/L =04

PRy 4 1
clritrinmuygar CUTTNTPYTTo oUl

teristics of a low-pressure (LP) compressor supported by AMBs are used as an example.

geometry is shown in Figure A.1, including eigen mode shapes obtained by assuming ave
e AMB supporting stiffness. The LP compressor has seven stage impellers with(& rotor mas
b design specification for this process compressor is shown in Table A.1. The’rated spee
1 (182 Hz), with a nominal shaft power of 4 120 kW.

specification is shown in Table A2. These radial AMBs are specified
8, C'/R = 0,006 8, where the AMB journal length L = 150 mm, journal diameter D = 147

radial cleargnce C' = 500 um, radius R = D/2.

Note that th
emergency
accordance

e radial clearance of the auxiliary bearing, 230 pm, is set at:about half the AMB clearance to pre
contacts of the AMB itself. Therefore, the minimum radialclearance Cy,i, = 230 pm is applicab)
with this part of ISO 14839.

e i A et O | St i et =—

The
age
s of
d is

by
nm,

vent
ein

Key
firste

g b~ WON PP

AMB

igen mode

second eigen mode
third eigen mode
fourth eigen mode

NOTE The operational speed N is set between the 3rd and 4th critical speeds. The AMB locations are offset from the
nodes of each eigen mode to maintain sufficient controllability.

Figure A.1 — Eigen mode shapes of LP rotor
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Table A.1 — Compressor design specification

Service LP casing HP casing
Model MCH 527 MCH 508
Gas Enriched H
Flow 43691 m°/h 43486 m°/h
Suction pressure 0,33 MPa 0,79 MPa
Discharge pressure 0,91 MPa 2,03 MPa

Rated rotational speed, N

10900 r/min = 182 Hz

A.Z

One
beh
Thig
and

Stiffi

Operational sSpeed range

gbZorminto 11 445 r/min

Shaft power

4120 kW

Driver rating

5300 kw

Table A.2 — AMB specification

LP HR

Radial bearing

Diameter, D 147 mm 147 mm
Length, L 150 mm 150 mm
Load 3822 N 4557 N
Capacity 10340 N 10 340 N
Clearance, C 500 pm 500 pm
Radial auxiliary bearing

Clearance, C 230'pm 230 um

Critical speed layout

bealings are also plotted-in-Figure A.2.

The|
con
ope
the
cur

The

of the most important aspects for .désigning flexible rotors is the critical speed layout. The
hviour of machines supported by AMBs is significantly different from that of machines with oil-fil
can be understood more clearly by calculating a critical speed versus bearing stiffness map for the LP rotor
plotting on non-dimensionaliaxes as shown in Figure A.2. The vertical axis is the natur
normalized by the frequency-of-the first free-free bending mode. The horizontal axis indicates
ness normalized by the-shatt stiffness. Typical bearing stiffness curves for oil-film bearings and f

stiffness of qil-film bearings is typically high relative to the shaft stiffness as shown in Fi
pressor is typically considered to be supercritical if its operating speed is above Nc4, for ing
Fating speed(range falls between N¢; and N, within a certain margin as indicated by the B2 rg
first andxsécond critical speeds are marked by the intersections between the first two eige
es and-the oil-film bearing stiffness, noted N¢; and Nc,, respectively.

otodynamic
bearings.

| frequency
the bearing
or magnetic

gure A.2. A
tance if the
pgion. Thus,
h frequency

dered to be

supercritical if its operating speed is above N3, for instance if the operating speed range falls between N¢3

and N¢,4 within a certain margin as indicated in Figure A.2 by the region A2.

A typical unbalance response curve of an AMB-equipped flexible rotor is illustrated in Figure A.3. The
unbalance resonance vibration peaks appear at N¢1, Nca, N3 and Nggy. The first two modes correspond to
the rigid-mode critical speeds, i.e. parallel and conical modes, and the third critical speed N¢; is the first free-
free bending mode frequency. The operational speed IV is thus set in the range between the third (/N¢3) and

four

th (IN¢4) critical speeds.

The critical speeds Nc¢1, Ncs and Ne; require a sufficient damping level to pass the resonance speeds. The
vibration magnitude and the resonance severity of these critical speeds are regulated by ISO 10814, which is

out of the scope of this part of ISO 14839.
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Figure A.2 — Typical critical speed-map of a uniform shaft being equivalent to an LP rotor

critical speeds, Nc;, are defined by intersections between natural frequency curves and bearing stiffngss
curves of oil-film bearing and AMB. The possible operational speeds are set separately from these critical speeds to allow

ins, as indicated by shaded regions.

Y

Nes

AL

Key

X rotational speed
Y peak vibratory displacement

v

NOTE The shaded area indicates the operational speed range with rated rotational speed V.

10

Figure A.3 — Unbalance response curve
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A.3 In-house rotation test results

The LP compressor was required to satisfy a shop performance test in accordance with ASME PTC 10 and the
mechanical run test in accordance with ISO 10439. The test results at the final phase of the mechanical run
done at the shop are shown in Figure A.4, as unbalance response curves. Due to precise rotor balancing, the
maximum unbalance vibration has a peak value Dp,y of less than 10 um. Though this value is generally still
larger than that of the oil-film bearing compressors, it is quite normal for AMB compressors.

According to Table 1, this evaluation result indicates the zone A, since for the ratio of the peak vibratory
displacement to minimum clearance:

D max/Cinin = 10 pm/230 pm < 0,3.

Y
10
5 .
0
0
Key
X rotational speed, r/min
Y peak vibratory displacement, pm

Figure A.4 — Unbalance response curvesfrom mechanical run of low-pressure (LP) and
high-pressure (HP) rotors

A.4 Vibration data on site

Thig machine has been in continuous operation since it was commissioned on site. This include$ scheduled
maiptenance every six months without any major problems. An example of the field data measurgd on site is
shofn in Figure A.5, showing that the peak vibratory displacement D, is less than 30 um. THe bar chart
shown in Figure A.6 indicates.the examples of steady-state data under normal operation conditions.

Megsured vibration valles are low enough in comparison with the minimum radial clearance Cyio| = 230 pm.

Accprding to Table 1 this evaluation result indicates the zone A since for the ratio of the peak vibratory
disglacement to minimum clearance:

Dimax/Ciin = 30 um/230 pm < 0,3.

A.H CEurrent data on site

The working coil current is measured and the average current I, is monitored as shown by the bar chart in
Figure A.6. The current (with unbalance force rejection control) showed an average of I, = 35 A for the current
capacity I, = 60 A.

Since the average value I, of current was monitored, the dynamic component was not measured. However, it

can be said that enough current margin is guaranteed due to the employment of the unbalance force rejection
control (see Annex B).

© 1SO 2004 — All rights reserved 11
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Figure A.5 — Field data of the LP rotor (during Start-stop)

A.6 Conmpparison with other standards to be applied, to oil-film bearings

The peak-tp-peak displacement value on site is about 60 um (twice the maximum peak value Dy,,y) for| the
AMB-equipped compressor considered in the example (seéecFigure A.5). If these vibration data are evaluatef by
conventional criteria assuming oil-film bearings, the judgement will be different, as follows.

a) 1SO 7919-3 provides for this compressor the judgement of zone B with peak-to-peak displacement Sp.J:
Zone A{ S, = 4800A/N = 45 m
Zone B{ S, = 9000A/N = 84 um
where I[N = 11 445 r/min is the uppep limit of the operational speed range.

b) Accordipg to the criteria in 1IS@10439 regarding centrifugal compressors, this compressor is not accepted
by the fpllowing assessmentiarthe peak-to-peak displacement value L,:

12000 12 000
L,+ <254 = =26,6and < 254, = 254pum

Mircs 11 445

where [Nycs =11 445 r/min is the maximum continuous speed.

As seen in|theses examples, the conventional standards for oil-film bearing rotors are not suitable for AMB
rotors. Therefore, this part of 1ISO 124839 should be used when setting guidelines for the periormance of AMB
machines.

12 © 1SO 2004 — All rights reserved
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NOTE The power amplifiers work as the A-class specification by providing the constant current of 30 A to the upper and
lower directional coils. The difference between these upper and lower coil currents is for the rotor levitation.

Figure A.6 — Field data (vibration and current)
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Annex B
(informative)

Case study on current evaluation

B.1 Current measurement

A power ar
Figure 2. A
provided in
source to th

d in
N example of a detailed schematic layout of a PWM (pulse width modulation) power amplifi¢r is
Figure B.1. The input of the control command regulates the flow of current I(t) from.the pawer
e electromagnetic coil L. This current can be monitored by the feedback loop:

I(t) = Vi) Ry
where
Vi(t) s the feedback voltage;
R; s the feedback resistance.
T. v
LTuF 180 kR ai_l «
4| ’ll“
—
10 kQ 3
1o
Ad q —_—
_ 4
10 kQ ;
A
2
| 0
20 1/R; |
Key
1 contrpl input
2 currefqtToTmitor
3 PWM driver
4 d.c. power supply for the voltage V¢

Figure B.1 — Pulse width modulation (PWM) power amplifier

This current monitor terminal of the PWM amplifier directly outputs the current waveform as shown in

Figure B.2.
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a) Without unbalance force rejection control

/(f) /ITIBX

b) With unbalance force rejection control

Figure B.2 — Current waveforms

If it {s assuméd that there is no rotor vibration, a nearly constant current should be observed at a ceftain level I,
regdired for. levitating the rotor, as shown by the horizontal dashed lines of Figure B.2. More| typically, a
dynpmically varying current waveform I(t) will be measured that includes response to control of rotor vibration,
as phown by the solid lines of the figure. These current waveforms I(t) are usually meagured as in

Figure B.2 a), 1.e. without unbalance force rejection control. With unbalance force rejection control, the current
waveform as in Figure B.2 b) is measured, excluding a synchronizing component with rotational speed.

In order to increase the accuracy of this current measurement, a filter with a cut-off frequency, for instance,
which is greater than twice the rotor rotational speed, can be used.

© 1SO 2004 — Al rights reserved
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B.2 Current evaluation

The maximum value, I, of the current waveform I(¢) measured in magnetic coils during the rated operation
is the index to be evaluated according to

Tnax = max[I(t)] < 1.
where I is the current capacity of the power amplifier.

Every coil current should be checked against this criterion.

16 © 1SO 2004 — All rights reserved


https://standardsiso.com/api/?name=17878f81a3ce4360a98f41f8c2f9f7ca

	TitlePage - Mechanical vibration�— Vibration of rotating machinery equipped with active magnetic ...
	TableofContent - Contents Page
	Foreword - Foreword
	Introduction - Introduction
	Scope - 1��� Scope
	NormativeReference - 2��� Normative references
	Clause1 - 3��� Measurement and evaluation procedures
	Subclause2 - 3.1��� Description of rotor-AMB system
	Subclause2 - 3.2��� Displacement
	Subclause2 - 3.3��� Coil current and voltage

	Clause1 - 4��� Evaluation criteria
	Subclause2 - 4.1��� General
	Subclause2 - 4.2��� Criterion I
	Subclause2 - 4.3��� Criterion�II


	AnnexInformative - Case study on an LP centrifugal compressor equipped with active�magnetic beari...
	Clause1 - A.1��� LP centrifugal compressor
	Clause1 - A.2��� Critical speed layout
	Clause1 - A.3��� In-house rotation test results
	Clause1 - A.4��� Vibration data on site
	Clause1 - A.5��� Current data on site
	Clause1 - A.6��� Comparison with other standards to be applied to oil-film bearings

	AnnexInformative - Case study on current evaluation
	Clause1 - B.1��� Current measurement
	Clause1 - B.2��� Current evaluation

	AnnexInformative - Voltage saturation
	Clause1 - C.1��� General
	Clause1 - C.2��� Operation of the amplifier
	Clause1 - C.3��� High-frequency disturbance saturating the amplifier
	Clause1 - C.4��� Rotor dynamic instability
	Clause1 - C.5��� Large-amplitude instability
	Clause1 - C.6��� Critical speed passing
	Clause1 - C.7��� Measurement of voltage saturation

	Bibliography - Bibliography

