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NATIONAL FOREWORD

This Indian Standard (Part 1) which is identical to ISO 14839-1 : 2018 ‘Mechanical vibration — Vibration
of rotating machinery equipped with active magnetic bearings — Part 1: Vocabulary’ issued by the
International Organization for Standardization (ISO) was adopted by the Bureau of Indian Standards on
the recommendation of the Bearings Sectional Committee and approval of the Production and General
Engineering Division Council.

A magnetic bearing utilizes either attractive or repulsive magnetic forces for the levitation and dynamic
stabilization of a rotor. Active magnetic bearings (AMBs) are primarily used in high-performance,
precision applications where traditional bearings might face limitations due to friction, wear or lubrication
need. Common applications include turbomachinery, aerospace and wind energy sectors.

This standard is published in five parts. Other parts in this series are:

Part 2 Evaluation of vibration

Part 3 Evaluation of stability margin
Part 4 Technical guidelines

Part 5 Touch-down bearings

The text of ISO standard has been approved as suitable for publication as an Indian Standard without
deviations. Certain conventions are, however, not identical to those used in Indian Standards. Attention
is particularly drawn to the following:

a) Wherever the words ‘International Standard’ appear referring to this standard, they should be
read as ‘Indian Standard’; and

b) Comma (,) has been used as a decimal marker while in Indian Standards, the current practice
is to use a point (.) as the decimal marker.

For convenience of reference, this vocabulary is supplemented by an alphabetical index of all the terms,
each term being identified by its clause number in the text. This will help the reader to refer back to the
main vocabulary and its definit@
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Indian Standard
MECHANICAL VIBRATION — VIBRATION OF ROTATING
MACHINERY EQUIPPED WITH ACTIVE MAGNETIC BEARINGS
PART 1 VOCABULARY

1 Scope

This document defines terms relating to rotating machinery equipped with active magnetic bearings.
NOTE General terms and definitions of mechanical vibration are given in ISO 2041; those relating to
balancing are given in ISO 21940-2; those relating to geometric characteristics such as coaxiality, concentricity
and runout are explained in ISO 1101.

2 Normative references

There are no normative references in this document.

3 Terms and definitions
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

3.1 General terms

3.1.1
levitation
maintaining the position of a rotor by attractive or repulsive magnetic forces without mechanical contact

3.1.2

magnetic bearing

bearing which utilizes either attractive or repulsive magnetic forces for the levitation (3.1.1) and
dynamic stabilization of a rotor

3.1.3

active magnetic bearing

AMB

means of supporting a rotor, without mechanical contact, using only attractive magnetic forces based
upon servo feedback technology which normally consists of transducers, electromagnets, power
amplifiers (3.5.3), power supplies and controllers

Note 1 to entry: For rotating machinery equipped with active magnetic bearings, the graphical symbols for
bearings are shown in Figure 1.

Note 2 to entry: The principle of an active magnetic bearing is shown in Figure 2.
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Key
1 angular ball bearing 5 thrust bushing
2 deep groove ball bearing 6  radial active magnetic bearing
3 thrustball bearing 7  axial active magnetic bearing
4  radial bushing
a  With transducer.
Figure 1 — Graphical symbols for bearings
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Key
1  controller 4  power supply
2 power amplifier 5 rotor
3  electromagnet 6  displacement transducer
Figure 2 — Principle of active magnetic bearing
3.1.4

passive magnetic bearing
means of supporting a rotor, without mechanical contact, using magnetic forces without feedback control

EXAMPLE Permanent magnetic bearing (3.1.5), super-conducting magnetic bearing (3.1.6).

3.1.5

permanent magnetic bearing

PMB

passive magnetic bearing (3.1.4) using one or several pairs of permanent magnets without feedback control
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3.1.6

super-conducting magnetic bearing

SMB

passive magnetic bearing (3.1.4) using a pair of (high-temperature) super conductors and permanent
magnets without feedback control, utilizing the so-called pinning force (attractive and repulsive forces)

3.1.7

hybrid magnetic bearing

HMB

bearing consisting of any combination of an active magnetic bearing (3.1.3) and passive magnetic
bearing (3.1.4)

3.1.8

permanent-magnet-biased AMB

active magnetic bearing (3.1.3) in which the nominal (non-zero) or bias magnetic fluxes are established
by one or more permanent magnets

3.1.9

radial magnetic bearing

magnetic bearing (3.1.2) which levitates a rotor in the radial direction and supports it against
disturbances in the radial direction, such as unbalance forces, fluid forces or gravity

Note 1 to entry: See Figure 3.

Q
Key
1 radial coil D  inner diameter of radial stator core
2 radial transducer d outer diameter of radial rotor core
3 radial transducer target 6r nominal magnetic gap (D - d)/2
4 radial rotor core Ly total bearing length (including coil windings)
5 axial centre of radial AMB L effective length of radial bearing
6  radial stator core W width of a magnetic pole
7  shaft Ar area of magnetic pole (A = WL)

Figure 3 — Radial AMB assembly
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3.1.10

axial magnetic bearing

thrust magnetic bearing

magnetic bearing (3.1.2) which levitates a rotor in the axial direction and supports it against
disturbances in the axial direction, such as fluid forces or gravity

Note 1 to entry: See Figure 4.
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Key
1 rotor d, outer diameter of axial rotor disc
2 axial transducer target D, outer diameter of outer pole of axial stator
3 axial transducer do inner diameter of outer pole of axial stator
4  axial stator core d; outer diameter of inner pole of axial stator
5 axial coil D; inner diameter of inner pole of axial stator
6  (clearance) centre of axial AMB 62 nominal magnetic gap
7  axial rotor disc A, area of the magnetic pole pair
T
A, :—(Do2 ~d,?+d*-p} )
4
Figure 4 — Axial AMB assembly
3.1.11

nominal magnetic gap
distance between the magnetic materials of the rotor and the stator inside the AMB (3.1.3) when the
journal centre of the rotor is located in the clearance centre of the bearing stator

Note 1 to entry: See 6y in Figure 3 for radial AMB, and §, in Figure 4 for axial AMB.

3.1.12
clearance centre of a radial AMB
geometric centre of a radial bearing stator

Note 1 to entry: See Figure 5.
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Key

1 axial centre of radial AMB 7  radial transducer target

2 magnetic gap of radial AMB 8  touch-down bearing

3 radial clearance of touch-down bearing 9 radial centre offset between radial touch-down
4 journal (rotor) centreline of radial AMB bearing and AMB centre

5 clearance centreline of radial AMB 10 radial centre of radial touch-down bearing

6 radial transducer

NOTE Similar consideration applies to a radial homopolar AMB.
Figure 5 — Centres and centrelines of radial heteropolar AMB

3.1.13

magnetic centre of a radial AMB

position of a rotor in a radial AMB (3.1.3) at which the net radial attractive forces exerted on the rotor
go to zero for nominal currents or fluxes, and without any magnetic excitation or compensation forces

3.1.14
axial centre of a radial AMB
axial directional position of geometric centre of stator core (3.3.1)

Note 1 to entry: See Figure 5.

3.1.15

clearance centre of an axial AMB

clearance centre of a thrust AMB

axial position of the geometric centre of an (axial) thrust AMB (3.1.3) stator

Note 1 to entry: See Figure 4.

3.1.16

axial magnetic centre of an axial AMB

position of an axial rotor disc (3.2.2) in an axial AMB (3.1.3) at which the net axial attractive forces
exerted on the rotor disc go to zero for nominal currents or fluxes, and without any magnetic excitation
or compensation forces

3.1.17

clearance centreline of a radial AMB

line between the clearance centres of two radial AMBs (3.1.3) specified by the bearing stator
configuration

Note 1 to entry: See Figure 5.
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3.1.18
journal centreline of a radial AMB
geometric centreline between the journal centres of a radial AMB (3.1.3) rotor

Note 1 to entry: See Figure 5.

3.1.19
bearing span between radial AMBs
axial distance between the axial centres of two radial AMBs (3.1.3)

Note 1 to entry: See Figure 6.
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bearing span between radial AMBs
magnetic radial clearance of radial AMB
radial clearance of touch-down bearing

Bow N R

axial clearance of touch-down bearing
Figure 6 — Heteropolar-type radial AMB

3.1.20
number of poles
sum of the south and north magnetic gap poles of an AMB (3.1.3)

Note 1 to entry: See Figure 7.

3.1.21

heteropolar-type radial AMB

radial AMB (3.1.3) in which the electromagnetic cross section has poles of different polarity, and the
poles may have different polarity arrangements

Note 1 to entry: Polarity arrangements can be (N, S, N, S, ..), (N, S, S, N, ...), etc.
Note 2 to entry: See Figure 7 a).

3.1.22

homopolar-type radial AMB

radial AMB (3.1.3) whose electromagnet has more than one axial cross section, each having poles of a
single polarity

Note 1 to entry: See Figure 7 b).
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a) Heteropolar type (8 poles) b) Homopolar type (8 poles)

Key
X,Y control axes

Figure 7 — Number of poles of radial AMB

3.1.23

effective length of a radial magnetic bearing

pole face axial length of a radial bearing stator for which the radial electromagnet is able to generate an
attractive force exerted on the rotor

Note 1 to entry: See Figure 8.

alE i

Ly
L L,
L = Ll + L2
a) Heteropolar type b) Homopolar type

Figure 8 — Effective length of radial magnetic bearing, L

3.1.24
projection area of a radial AMB
product dL of the radial bearing journal diameter (3.2.3), d, and the effective bearing length, L

Note 1 to entry: See Figure 3.

3.1.25
area of one magnetic pole
cross-sectional area, A, of a magnetic pole which can generate an attractive force exerted on the rotor

Note 1 to entry: This is different from the projection area as defined in 3.1.24.

Note 2 to entry: See Ay in Figure 3 for radial AMB, and A4, in Figure 4 for axial AMB.
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3.1.26
load capacity of an AMB
maximum force that an AMB (3.1.3) can generate on the rotor at its fixed centred position

Note 1 to entry: This is usually limited by the magnetic saturation of the ferromagnetic material of stator and
rotor core, the maximum coil current available from the power amplifier (3.5.3) that drives the magnetizing coil
(3.3.4) and the maximum driving voltage of the power amplifier.

Note 2 to entry: See Figure 9.

X
Key
X  frequency of magnetic force
Y force
1  staticload capacity: usually given by AMB temperature limit (or coil temperature limit)
2 peak transient load capacity: usually given by current limitations of the AMB
3 dynamic load capacity: given by the amplifier voltage limit and eddy current effects

Figure 9 — Load capacity of an AMB

3.1.26.1
static load capacity of an AMB

Fmax
maximum load capacity for constant load over an unlimited time period of continuous operation

3.1.26.2
peak transient load capacity of an AMB
maximum load capacity over a limited time period

3.1.26.3

dynamic load capacity of an AMB

maximum allowed amplitude value for a periodic force generated by an AMB (3.1.3) as a function of
frequency

3.1.27
load pressure of a radial AMB
static load capacity (3.1.26.1), Fimax, divided by the projection area (3.1.24), dL, of the bearing, defined as

p = Fmax/(dL)
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3.1.28
number of control axes of an AMB
number of degrees of freedom of the rotor motion which are controlled by the AMB (3.1.3)

EXAMPLE

a) 1l-axis-controlled AMB: an AMB which actively controls vibration and motion only for one degree of freedom
of the rotor;

b) 2-axis-controlled AMB: an AMB which actively controls vibration and motion for two degrees of freedom of
the rotor;

c¢) 3-axis-controlled AMB: an AMB which actively controls vibration and motion for three degrees of freedom of
the rotor.

3.1.29

total AMB loss

sum of iron loss due to eddy currents and hysteresis in the rotor and the stator, copper loss (ohmic loss)
in coils, windage loss on the bearing rotor surface and circuit loss in the electrical equipment (cable,
electronic cabinet)

3.1.30

self-sensing AMB

active magnetic bearing (3.1.3) which includes the function of rotor position detection without the use
of direct displacement transducers (3.4.3)

3.1.31

rise time

time required for an AMB (3.1.3) force to change from 10 % to 90 % of the peak transient load capacity
(3.1.26.2)

3.1.32
dwell time
time that the peak transient force can remain at the peak level

3.1.33
non-collocation
situation in which radial transducers and electromagnets are not placed at the same axial location

Note 1 to entry: Figures 3 and 4 show the typical cases, and non-collocation often affects the plant dynamics.

3.1.34

coaxiality

geometric line positioning characteristic between AMB (3.1.3) and touch-down bearing (3.6.1) as well as
between the AMBs

Note 1 to entry: Coaxiality is explained in ISO 1101.

3.1.35

concentricity

geometric point positioning characteristic between AMB (3.1.3) and touch-down bearing (3.6.1) as well
as between the AMBs

Note 1 to entry: Concentricity is explained in ISO 1101.

3.2 Terms relating to rotors

3.21

radial rotor core

radial rotor journal

ferromagnetic portion of the rotating shaft on which the radial magnetic control forces are exerted,
which is typically laminated
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3.2.2

axial bearing disc

axial disc

axial rotor disc

thrust bearing disc

thrust disc

thrust rotor disc

ferromagnetic portion of the rotating shaft on which the axial magnetic forces are exerted

3.2.3
journal diameter
diameter of the radial magnetic bearing (3.1.9) rotor

Note 1 to entry: See d in Figure 3.

3.24

geometrical runout

mechanical runout

measured fictitious displacement of the rotating shaft due to the effect of the non-circularity and non-
coaxiality of the shaft shape

3.2.5

electrical runout

position transducer runout

measured fictitious displacement of the rotating shaft due to the magnetic or electrical non-homogeneity
of the position transducer target (3.4.6)

3.2.6
DN value
product dN of the diameter d (mm) and the rotor speed N (r/min)

Note 1 to entry: The diameter, d, is defined as:
a) the outer diameter of the rotor of a radial AMB if the stator is external to the rotor (see d in Figure 3);
b) the inner diameter of the rotor of a radial AMB if the rotor is external to the stator;

c) the outer diameter of the rotor of an axial AMB (see d, in Figure 4).

3.3 Terms relating to stators

3.31

stator core

core of the stationary AMB (3.1.3) components made of ferromagnetic or other magnetically permeable
materials

3.3.2
radial stator core
stationary section of the radial magnetic bearing (3.1.9) around which the magnetizing coil (3.3.4) is wound

3.3.3

axial stator core

thrust stator core

stationary section of the axial magnetic bearing (3.1.10) around which the magnetizing coil (3.3.4) is wound

3.34
magnetizing coil
coil used to generate the magnetic flux in the core material

10
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3.3.5

radial coil

magnetizing coil (3.3.4) wound around the core of the radial bearing or the radial electromagnetic
pole itself

3.3.6

axial coil

thrust coil

magnetizing coil (3.3.4) of an axial AMB (3.1.3)

3.3.7
allowed operating temperature
coil and lamination temperatures which allow for specified normal AMB (3.1.3) operation

3.4 Terms relating to position transducers

3.4.1

position measuring system

composition of devices comprising a sensor that responds to changes in the rotor/stator gap, an
amplifier to excite the sensor and apply a gain to the response signal, and a signal post processing unit

3.4.2

shaft displacement

rotor centre displacement in the radial or axial direction measured from the nominal position,
indicating a change of rotor position

Note 1 to entry: Shaft displacement is sometimes called shaft vibration, shaft movement or shaft motion.

Note 2 to entry: See Figure 10.

11
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where
F1,F isthe attractive force generated by one electromagnet;
Fyp is the total attractive force;
I is the control current;
Iy is the bias current;
K is the coefficient of the electromagnet;
K; is the force/current gain;
K is the negative position stiffness;
X is the radial shaft displacement;
) is the nominal magnetic gap.
Key

1 clearance centreline

NOTE Linearization of the total attractive force Fy, is shown in terms of an AMB bias current Iy, which could be set,
typically, using a 2-quadrant power amplifier.

Figure 10 — Current-force characteristic

12
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3.4.3

displacement transducer

position transducer

transducer for the detection of shaft position without any mechanical contact

Note 1 to entry: See Figures 3 and 4.

EXAMPLE Eddy current transducer, inductive transducer, capacitive transducer, optical transducer, Hall
effect transducer.
3.4.4

radial displacement transducer
radial position transducer
transducer for the detection of radial shaft position

Note 1 to entry: See Figures 3 and 5.

3.4.5

axial displacement transducer

axial position transducer

thrust displacement transducer

thrust position transducer

transducer for the detection of axial shaft position

Note 1 to entry: See Figure 4.

3.4.6
transducer target
area of rotating shaft where the position transducer (3.4.3) detects the displacement

Note 1 to entry: See Figures 3 and 4.

3.4.7

radial transducer target

radial target

area of rotating shaft where the radial position transducer (3.4.4) detects the displacement in the radial
direction

Note 1 to entry: See Figure 3.

3.4.8

axial transducer target

axial target

area of rotating shaft where the axial position transducer (3.4.5) detects the displacement in the axial
direction

Note 1 to entry: See Figure 4.

3.5 Terms relating to dynamics, control and electronics

3.5.1

AMB system

system consisting of a rotor, position transducers (3.4.3) or other means to detect rotor position,
controller(s), power amplifiers (3.5.3) and electromagnets to levitate and support the rotor by attractive
magnetic forces

Note 1 to entry: See Figures 2 and 11.

13



IS 18920 (Part 1) : 2024
ISO 14839-1 : 2018

3.5.2

AMB controller

device which detects and processes the transducer signal and transfers it to the power amplifier (3.5.3)
in order to regulate the magnetic attractive force to levitate the rotor

Note 1 to entry: It can be realized by an analogue and/or digital device (analogue controller, digital controller).

Key
1 position transducer F, AMB force
2 AMB controller Fq disturbance force
3 power amplifier X displacement
4  force/current gain K; force/current gain
5 mechanical plant rotor Ks negative position stiffness
6  negative position stiffness a  Reference signal.
7  AMB actuator b Control signal.
8 AMB (including AMB actuator) ¢ Control current.
d  Transducer signal.
Figure 11 — Block diagram of an AMB system with a reference signal
3.5.3

power amplifier
power output device which generates magnetizing coil (3.3.4) current in order to generate a magnetic
control force

EXAMPLE Typical types of power amplifiers are linear power amplifier, analogue amplifier, pulse width
modulating (PWM) amplifier, switching amplifier.

3.5.4

AMB current control

method of controlling AMB (3.1.3) using voltage input/current output power amplifiers (3.5.3) for the
feedback actuator from power amplifier to electromagnetic current

3.5.5
AMB voltage control
method of controlling AMB (3.1.3) using voltage input/voltage output power amplifiers (3.5.3)

14
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3.5.6

AMB bias current

Iy

fixed d.c. coil current used to linearize the attractive force in relation to the current and the clearance
of the AMB (3.1.3)

Note 1 to entry: See formulae in Figure 10.

3.5.7

negative position stiffness

Ks

<in the bias-linearized AMB actuator> position stiffness of the electromagnet due to bias current (3.5.6)
at the nominal rotor position without an external load

Note 1 to entry: Ks is negative.
Note 2 to entry: See Figures 10 and 11.

3.5.8

closed-loop dynamic system stiffness

transfer function(s) of the Fy/X ratio of the AMB(s) (3.1.3) closed-loop system with the disturbance input
force Fg and output displacement X

Note 1 to entry: See Figure 11.

3.5.9
closed-loop dynamic system compliance
reciprocal of the closed-loop dynamic system stiffness (3.5.8), i.e. X/Fq

Note 1 to entry: See Figure 11.

3.5.10

open-loop AMB dynamic stiffness

transfer function of the Fyp/X ratio of the AMB (3.1.3) open-loop system with the displacement input
X and the bearing output force Fp, through the transducer, controller, power amplifier (3.5.3) and
electromagnet

Note 1 to entry: The frequency-dependent bearing spring force is obtained by the real part of the complex ratio
Fp/X, and the frequency-dependent bearing damping force is obtained by the imaginary part of the complex
ratio Fp/X.

Note 2 to entry: See Figure 11.

3.5.11

AMB centralized control

control structure that has internal connections between the controller inputs and controller outputs
for different degrees of freedom of the rotor

EXAMPLE The following control methods are in this category:
— gyroscopic effects compensator;

— cross stiffness control;

— multi-input multi-output (MIMO) controller.

3.5.12

AMB decentralized control

control structure that has no internal connections between the controller inputs and controller outputs
for different degrees of freedom of the rotor

EXAMPLE Multiple single-input single-output (SISO) controllers.

15
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3.5.13

AMB tuning process

process of adjusting the controller's transfer function so that a rotor is in a desired operating condition
within a magnetic bearing (3.1.2) system

3.5.14

peak-of-gain control

unbalance force counteracting control

control method which automatically detects and compensates unbalance forces of the rotor to minimize
relative rotor to housing vibration due to unbalance

Note 1 to entry: The counteracting force is transmitted through the AMB (3.1.3) to the foundation (see Figure 12).
As aresult, absolute housing vibration is likely to increase while relative rotor to housing vibration is minimized.

1 10 100 1000 f

Key
f  frequency, Hz
Y controller gain, dB

1 frequency of rotation
Figure 12 — Example of a controller transfer function for unbalance force counteracting control

3.5.15

unbalance force rejection control

control method which allows the rotor to rotate around its principal axis of inertia while the transmitted
unbalance force through the AMB (3.1.3) is minimized, which leads to minimized resulting vibration of
the bearing casing

Note 1 to entry: Shaft vibration can increase.

Note 2 to entry: The “ABS” (automatic balancing system) or “N-cut” have the same function as the unbalance force
rejection control (3.5.15).

Note 3 to entry: See Figure 13.

16
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1 10 100 1000 f

Key

f  frequency, Hz

Y controller gain, dB

1 frequency of rotation

Figure 13 — Example of a controller transfer function for unbalance force rejection control

3.6 Terms relating to auxiliary equipment

3.6.1

touch-down bearing

bearing installed in the AMB system (3.5.1), which is designed to limit the rotor motion and to prevent
contact with the AMB stator or rotor surface due to overload, failure or deactivation of the AMB system

Note 1 to entry: Other designations include auxiliary bearing, back-up bearing, catcher bearing, emergency
bearing and retainer bearing.

3.6.2

touch-down bearing clearance

half of the difference between the inner diameter of the touch-down radial bearing bore and the outer
diameter of the rotor shaft, or the axial clearance between the thrust face of an axial touch-down bearing
(3.6.1) and the shaft shoulder

Note 1 to entry: These touch-down bearing clearances need to be smaller than the gap between the rotor and
stator in the AMB system (3.5.1).

Note 2 to entry: For radial clearance of touch-down bearing, see key 3 in Figure 5 or Figure 6.

3.6.3

touch-down test

test where a rotor rotating at the designated speed is dropped intentionally on the touch-down bearings
(3.6.1) in order to evaluate their performance

Note 1 to entry: Other designations include drop test, landing test, back-up bearing test.

3.6.4

uninterruptible power supply system

UPS system

source of stored energy that can be used to power the AMB system (3.5.1) during a mains power
supply failure

17
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3.6.5

touch-down bearing compliant mount

flexible element which provides a defined stiffness and damping support for a mounted radial touch-
down bearing (3.6.1)

Note 1 to entry: This support is required in order to improve vibration response when running on touch-down
bearings.

3.6.6
touch-down bearing hard-stop clearance

travel distance to a hard stop which limits the movement of the compliant mount of a radial touch-down
bearing (3.6.1)

18
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