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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ROTATING ELECTRICAL MACHINES -

Part 25: Guide for the design and performance of cage induction motors
specifically designed for converter supply
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International Electrotechnical Commission (IEC) is a worldwide organization for s ization'comprising
national electrotechnical committees (IEC National Committees). The obje of IEC\ig\{0 promote
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C technical committees is to prepare International Standardk. In
exceptional circumstances, a technical committee may propose the publication of a technical

» the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

* The subject is still under technical development or where, for any other reason, there is
the future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC 60034-25, which is a technical specification, has been prepared by IEC technical
committee 2: Rotating machinery.
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INTRODUCTION

This introduction is intended to explain the aim of this part of IEC 60034.

Motor categories

There are 2 categories of cage induction motors, which can be applied in variable speed
electric drive systems.

« Standard cage induction motors, designed for general purpose application. The design

ap<4 Be <, G <, ROt0 a o ed S, opeiaHR <, -enCy
sinusoidal supply. Nevertheless they are generally also appropriate iable
speed drive systems.

Quidance on this field of application is given in IEC 60034-17.

« Clage induction motors specifically designed for converter o and
construction of such motors may be based on standard axdizéd frame
sizes and dimensions, but with modifications for converter ogerationg
This category is covered by this part of IEC 60034, arid_it i d that the motor
be marked with a reference to this part of IEC 60034

Motofs for converter supplies greater than 1 000(V, ltage

sourge, will be considered in later editions of thig

Incofporation of the motor into the p

Figure 1 illustrates the Power Drive| Sy PDS consists of a motor and a

Complete Drive Module ( The

CDM(|consists of a Basic Qrive bding

sectipn or some auxiligkies or example we | and

self-protection functio bd in
general by IEC 6$i -

NOTE| Figure 1 of IE 80

The motor itself ahd\ad PDS

are cpvered bythe\lE

“ ,
\QOW supply
System Standard
Power Drive
:) System (PDS) IEC 61800-2
IEC 61800 , o
(all parts) - rating specification and performance of the complete]
PDS —not for individual subsystem units
Power . T . . . .
5 conversion —H— - c‘on\{_‘e'_r‘ter characteristics and their relationship with
-— — e ruo
S IEC 60146 —Kl— Control
© (all parts) teoti - application guideline (control strategies, diagnostics
9 protection topologies)
£ | andll_ ]
g— ‘_::> ] auxiliaries
% Motor Guides for converter supplied
2 cage induction motors
= IEC 60034 9
& (all parts) IEC 60034-17 general purpose motors
IEC 60034-25 motors specifically designed for
\\ | | converter operation

Driven equipment

IEC 445/04

Figure 1 — Component parts of a PDS
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ROTATING ELECTRICAL MACHINES -

Part 25: Guide for the design and performance of cage induction motors

specifically designed for converter supply

1 Scope

This

polyghase cage induction motors specifically designed for use on voltage source.con
supplies up to 1 000 V. It also specifies the interface parameters and i i
motof and the converter including installation guidance as part of a pow

part of IEC 60034 describes the design features and performance_characteristi

NOTE|1 For motors operating in potentially explosive atmospheres, additional_requirexnehisyas\de

IEC 6

NOTE|2 This technical report is not primarily concerned with safety. Howevel some 0\its\recormr

have implications for safety, which should be considered as necessary.

NOTE|3 Where a converter manufacturer provides specific ins

prece

2 Normative references

The

ence over the recommendations of this technical report.

For dated references, only the edition gited

IEC §0034-1, Rotating eles

Ame

IEC §0034-2:1972, Ro
efficiency of rot
Amendment 1 (19

mdment 2 (1994

IEC §0034-6

IEC §0034-S

IEC §0034-14;

machines With shz

eights 56 mm and higher — Measurement, evaluation and lim

vibrafion(severity

s of
erter
n the

in the
s may

take

ment.
Hition

5 and
fcles)

prtain
ts of

IEC 60034-17, Rotating electrical machines — Part 17: Cage induction motors when fed from
converters — Application guide

IEC 61800-2, Adjustable speed electrical power drive systems — Part 2: General requirements
— Rating specifications for low voltage adjustable frequency a.c. power drive systems

IEC 61800-3, Adjustable speed electrical power drive systems — Part 3: EMC product
standard including specific test methods

IEC 61800-5-1, Adjustable speed electrical power drive systems - Part 5-1: Safety

requ

irements — Electrical, thermal and energy
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3 Terms and definitions

For the purposes of this part of IEC 60034, the following terms and definitions apply.

31

bonding

electrical connection of metallic parts of an installation together and to ground (earth)

NOTE For the purposes of this part of IEC 60034, this definition combines elements of IEV 195-01-10
(equipotential bonding) and IEV 195-01-16 (functional equipotential bonding).

3.2

con\ierter

operating unit for electronic power conversion, changing one or more ele istics
and ¢omprising one or more electronic switching devices and associg such
as transformers, filters, commutation aids, controls, protections and

[IEC p1800-2, 2.2.1]

NOTE| This definition is taken from IEC 61800-2, and for the purposes s the
terms [Complete Drive Module (CDM) and Basic Drive Module (BDM) as sed q

33

EMC|(electromagnetic compatibility)

ability of an equipment or system to function sa i)y ifNits electromagnetic environment
withqut introducing intolerable electrop bnt
[IEV [161-01-07]

3.4

field|\weakening

motof operating mode whexe i Nthe flux corresponding to the motor rating
3.5

peak|rise time { >

time |nterval betw points of the zero to peak voltage (see Figure 14)
3.6

Power Drive

PDS

systdm gonsisting\af power equipment (composed of converter section, AC motor and ppther
equigmen not limited to, the feeding section), and control equipment (comgosed
of switching “sontrol \- onh/off for example —, voltage, frequency, or current control, [firing
system, protection atus monitoring, communication, tests, diagnostics, process intefface/
port, [etc.)

3.7

protective earthing

PE

earthing a point or points in a system or in an installation or in equipment for the purposes of

electrical safety

[IEV 195-01-11]

3.8
skip band
small band of operating frequencies where steady-state operation of the PDS is inhibited
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3.9
surface transfer impedance

quotient of the voltage induced in the centre conductor of a coaxial line per unit length by the

current on the external surface of the coaxial line

[IEV 161-04-15]

4 System characteristics

4.1 General

Although the steps in specifying motor and converter features are similar fo
the flnal selections are greatly influenced by the type of application. |
stepq are described and the effects of various application load types are o

4.2 | System information

Complete application information, that considers the driven |Joaq
powelz supply, is the best way to achieve the required perfgrma
In ge

« The power or torque requirements at various sp

e The desired speed range of the load

any appliclation,

hese

Litility
stem.

(the
ertia reflected at the motor, load

«  Whether the applicatio duty cycle of starts, stops, and gpeed
changes

* Al general descriptjoq o he type. of ich the
dfive system compgQnents

« A descrlptlo i at may not be met with the motor and conyerter
oply (for exampfte: e monitoring, ability to bypass the converter if
necessary, spesia . uits or speed reference signals to control the |drive
system)

* A]descrigtion™e e electrical supply power and wiring. The final configufation
may b the requirements of the system selected.

4.3 | Torque

4.3.1 General

The [typical torque/speed characteristics of converter-fed cage induction motors the

significant influencing factors and their consequences are shown in Figure 2, Figure 3 and
Figure 4. Depending on the performance requirements of the power drive systems, different

motor designs are possible for an adaptation of the individual limiting values.

NOTE Figure 2 to Figure 4 do not show the possible skip bands (see 4.3.5).
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4.3.2 Torque/speed capability

- 11 -

Figure 2 shows the torque/speed capability of converter-fed cage induction motors. The
maximum available torque is limited by the rating of the motor and by the current limitation of
the converter. Above the field-weakening frequency £, and speed ny the motor can operate
with constant power with a torque proportional to 1/n. If the minimum breakdown torque
(which is proportional to 1/n2) is reached, the power has to be further reduced proportional to

1/n, resulting in torque proportional to 1/n2 (extended range). The maximum speed n

max 1S

limited by the mechanical strength and stability of the rotor, by the speed capability of the
bearing system, and by other mechanical parameters.

— e e —

Tc

A

——— continuous operation

-------- short-time operatig

Figun

Cx — separate

Cs — self-cooling

Nmax
1EQ

cooling

446/04

~
~
~
~
=~

Tc : Pc i Ex
< > < > —>
; % '1
f&) f fmax

IEC 447/04

Figure 3 — Converter output current
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4.3.3 Voltage/speed characteristics

The converter output voltage (V) can be varied with speed in several ways, as shown in
Figure 4.

Vmax p——
>
fmax
IEC 448/04
Key

A |The voltage increases with speed, and the QUM Itage Vihax IS achieved at the f[field-
Weakening frequency fq.

B [The voltage increases with speed, and the menxi output voltage V.4 is achieved aboye fj.
This provides an extended\ speed rang : stant torque), but the available torqpue is
Feduced in this speed range.

C [The voltage increaseg_witf fowxand then |ncreases at a lower rate, the maximum conyerter
putput voltage V.« i : s~avofds excessive torque reduction in the constanf flux
Fange.

D A voltage boos

In all of these cases, t d. depapdence may be linear or non-linear, according to the torque-gpeed

requirements of the lgad

4.3.4
The gignificant/fas hich influence the torque/speed capability are shown in Table 1.
Table 1 — Significant factors affecting torque/speed capability

Condition Motor Converter and motor
Breakaway Maximum flux capability Maximum current
Constant flux Cooling (I?2R losses due to current variations) Maximum current
Field weakening | Maximum speed (mechanical strength and stability) Maximum voltage

(reduced flux) )
Maximum torque (breakdown torque)

Dynamic response | Equivalent circuit parameters (determined by modelling) Control capability
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4.3.5 Resonant speed bands

The speed range of a converter-fed motor may include speeds that can excite resonances in
parts of the motor stator, in the motor/load shaft system or in the driven equipment.
Depending on the converter, it may be possible to skip the resonant frequencies. However,
even when resonant frequencies are skipped, the load will be accelerated through that speed
if the motor is set to run at any speed above this resonant speed. Decreasing the acceleration
time can help minimize the time spent in resonance.

4.3.6 Duty cycles

4.3.6[1 General

Duty|cycle applications are those in which transitions between speeds qQr loads\are common
(see [IEC 60034-1). Several aspects of this type of application afféct the
converter.

* Motor heat dissipation is variable, depending on rotation sp

brque demands above motor full-load torque may be reQuired. § ion ab6ve motor full
ad may be required to accelerate, handle peak loads B\ 9 clerate the [load.

gher thermal class of insulation, a motor rated for gvaluation of thg duty
cle to determine if the motor has enough application (see IEC 60084-1,
uty type S10).

C injection, dynamic, or regenerxative_t g /may be required to reduce the }\otor

pbeed. Regardless of whether the < grque to drive the application,
=nerating power back to the converter due 8_motor being driven by the logd, or
pplying DC current to the windings,
otor heating takes pldace_apptro wproportignally to the square of the current while
pplied. This heating “\showd inGhy Y€ duty cycle analysis. Furthermorg, the
rensient torques M ' king should be controlled to a level that will
bt cause damage.

SS830000 DO IO

NOTE|IEC 61800-6 p d b ‘ nd current determination for the entire PDS.

4.3.6/2

High|impact{loads_ & S gl case of duty and are encountered in certain intermjittent
torqule applications ale IEC 60034-1, Duty type S6). In these applications, the Iqad is
appligd ¢ s e motor very quickly. It is also possible for this load torque fo be
positlve (againsi\the\ d lon of rotation of the motor) or negative (in the same directipn as
motof rotatiop)

The jmpact load will result in a rapid increase or decrease in current demand (from the
converter). If the torque is negative, the motor may generate current back into the convrter.
These transient currents create stresses in the stator winding. The magnitude of these
transient currents is a function of the size of the converter and of the motor.

4.4 Converter control types
4.4.1 General

There are various converter control types: scalar, vector (sensorless or feedback), direct flux
and motor torque control, etc. Each type has different characteristics, which are described in
4411t 4.4.1.3.
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4411 Scalar control

Scalar control is the original concept in a V/Hz converter. In such a converter, the output
voltage is controlled according to the output frequency. Figure 4 shows examples of the ways
in which this may be done.

With converter output voltage proportional to frequency, the motor is operating with
approximately constant flux even without speed feedback signals.

Voltage boost (a fixed voltage which is added to the converter output voltage), conventional
IR (stator winding resistance voltage drop) compensation, or advanced dynamic voltage
comgensation are commonly used options to improve starting and operating performance in
the Iqw speed region.

Voltage boost has more effect at low speeds when the motor voltage hould

be taken to ensure that the boost voltage is not so high that the mo

IR compensation, where at light loads the amount of bogst S\ b the
amoynt of current in the motor, is an improvement. & ecial
algorjthms to dynamically compensate for the voltage dre : g ance
and |nductance. This provides even better starting”/and operating performance in the low
speefl region, and, by using additional motor volfage/and 3 such
contrpls can generate torque values close to vecto ns.

Scaldr control is generally applied whe o torque or speed commands is not
requifed (for example, with centrifugal pux 3 and-tis particularly useful if myltiple
motofs are to be supplied from a singlg

4.4.112 Vector controf

An A[C vector controlled < S ally~decouples the components of the motor cyrrent
proddicing the maiQ/eti ‘ ) , in order to control them separately.
This i

decoupling is”a alent
circu 3
Acco r this
equiy rther

imprd

4.41

A direct flux and motor torque controlled converter has a hysteresis (also known as ‘s|iding
modeg’)control type, which adjusts the flux and the torque of the motor by mathematical model
calcutatiomofthemotorwithrorwithoutspeed-feedbacksigmats:

In this control type, there is no modulator, every switching transition of each converter power
semiconductor being considered separately. In addition, a speed feedback (sensor) signal
may further improve the performance.

The philosophy is to reach the required motor torque and speed as quickly as possible.

4.4.2 Converter type considerations

All three types of control can be used for constant torque applications, as well as for
applications where the torque increases with speed (for example, centrifugal pumps or fans).
However, when selecting a converter, each aspect of the performance requirement should be
considered to ensure optimal operation.
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In ge

neral, the following aspects should be noted.

e Using scalar control, it is possible to operate motors of different ratings in parallel with one
converter (multi-motor operation).

e Scalar control is typically insufficient for dedicated low speed load requirements (below
approximately 10 % of base speed), although the low speed performance can be improved
by applying dynamic voltage compensation.

e The steady state torque capability of scalar control can be made equivalent to the
sensorless vector control by applying dynamic voltage compensation.

* The most significant difference between scalar control and vector or direct flux and motor

td

Furth

4.5
4.5.1

PWM
comn
(the '

The
volta

NOTE
and af

The
seled
("wol
wide

rque control 1S the dynamic response.
ector or direct flux and motor torque control may be required if ox_more df the
llowing characteristics are needed:

operation around zero speed;

precise torque control;

high peak torque at low speed.
sing vector control or direct flux and motor torque co n be
alized with or without speed feedback, provided sed.
he characteristics of vector control and those | are
most equivalent, because both us th or
ithout flux or speed sensors.
er details are available in IEC 61800:2.

Converter output vg

Pulse Width Mod

covers those sgchewres ching
hands of th ated frgm a "carrier frequency" synchronized conffoller
modulator")
modulator cgntrol utput
je is equal to\the\de

The Qutput voltay iency,
ingtantanedus \a

arrier frequencymay optionally be synchronized to line or to output frequency. It may be
ted to .reduce logses, current ripple or generated noise, and it may be kept fluctyating
bling";.or “random” PWM) to distribute the harmonic spectra of the output voltage over a
range.

Additionally, special control techniques may be used to optimize the current waveform or
spectrum, for example to achieve minimum current peaks or to eliminate certain harmonics.

4.5.2

Hysteresis (sliding mode)

Hysteresis covers those schemes of output voltage generation where the transition switching
commands of the converter are generated from a "carrierless" (and therefore unsynchronized)
controller. Transition switching occurs as soon as a certain difference is exceeded between
an actual and a reference value of a control parameter.

Hysteresis switching can be used with several control parameters: voltage, current, flux or

torqu

e, depending on the type of control.
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4.5.3 Influence of switching frequency

The converter output switching frequency will affect the losses (in the motor and in the
converter), acoustic noise and torque ripple of the overall system. It is not possible to provide
precise data on these effects, but they are shown in a general manner by Figure 5, Figure 6
and Figure 7. These figures are for illustration only, and it is not intended that comparative
calculations should be made from them.

NOTE 1 In Figure 5, the vertical scales for the motor losses and converter losses are not the same. The converter
losses will generally be less than the motor losses.

NOTE 2 For modulation schemes which do not use fixed carrier frequencies, the expression “switching frequency”
means the average number of switching pulses per second.

Additional losses >>

IEC 449/04

Figure 5 — Effects S gngy on motor and converter losses

IEC 450/04

Figure b — Effects of switching frequency on acoustic noise
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4.5.4
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Figure 7 — Effects of switching frequency or

Multi-level converters
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Key
T, is the peak value of the pulsating torque

Ty is the rated torque

d by

e the
igher

high-

Required aspect of
appli(ea/tg)u\

Design consideration

N\

Long term operaton atN
o NN

Thepmal oversizing or forced cooling.
For long-term operation of sleeve bearings below 10 % of base speed, the
earing performance should be confirmed by the manufacturer.

Large [ratio of sp ds Cooling independent of speed (separate fan, or other cooling medium, for
example water).

Speed feedbaek device ~ Precautions for mechanical interface.
Speed sensor may need to be electrically insulated.

High dpeed (field weakening) Mechanical aspects

High breakdown torque (i.e. small leakage reactance).
V/Hz characteristic reaches maximum in field weakening region.

Improved motor efficiency with
converter supply

Rotor cage designs (no deep bars, see 5.3).
May exclude line start and line bypassing capability.

Line bypassing or line start
capability

Rotor cage design must be appropriate. Consequently the design may not be
optimized to reduce losses and improve efficiency — balanced compromise
necessary.

High breakaway torque

If possible, increase flux by 10 % — 40 % (depending on motor size) at near-zero
frequencies.

Voltage drop in the converter
because of modulation or filter
or cabling

Adaptation of the rated motor voltage to compensate for the voltage drop.

Multi-motor operation at
approximately synchronized
common speed

Similar slip/torque characteristics of the motors.
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In some applications, the motor parameters given in Table 3 may be requested from the motor
designer for tuning the converter.

Table 3 — Motor parameters

Vector or
Parameter Description/explanation Scalar control | direct flux and
torque control
Maximum values
Maxinyom ap\::c:u' Yes Yes
Maximum temperatures of the stator Yes Yes
and rgtor windings \
Acoustic parameters /\\ K\
Frequencies which should be |f is ete X)
skippgd by the converter, to avoid
acousfic and motor resonances
Mechanical parameters \ \
Inertig For high rates of accelerati}n/\ |0}QI Optional
Friction and cooling fan torque For some factory automafion ional Optional
demarnd, specific polynominal in production tasks, when agcur te
speed determination of mec¢han;
(m=H ><n+k2><n2) power| reguired ‘
Electrical parameteréz ft\s\wul ent dlagram
Stator|resistance (Rs) | At operating temper ur Optional for IR Yes
compensation
Rotor fesistance R.')\| Aroperati t er ture Optional for Yes
(see NOTE) advanced
[\ scalar control
Stator|leakage reactapce M\ tfun amental equency Optional for Yes
advanced
scalar control
Rotor Jeakage reactanc cr\)\ \&p'éatlng point, different from | Optional for Yes
(see NOTE) ocked rbtor condition advanced
scalar control
Magnsgtizing re ctanc fundamental frequency and rated Optional for Yes
perating point advanced
(\ \ scalar control
Magnetizing C dL&nc \(,G)m) At fundamental frequency and rated Optional for Yes
operating point advanced
scalar control
Magngtizing inductance, specific For field weakening Yes, for Yes
polyngminal advanced
scalar control
Rotor skin effect, For accurate determination of harmonic | Optional Optional
(e.g. ladder equivalent circuit) losses and temperature rise in
- applications where rapid current - -
Stator skin effect, response and precise dynamic control Optional Optional
(e.g. ladder equivalent circuit) is required
NOTE The rotor electrical parameters R,' and X ;' are as referred to the stator circuit by the square of the
stator/rotor turns ratio.

For improved thermal modelling, or in applications where high torque with precise control is
required at low speeds, it may also be useful for the motor designer to supply data on the
internal thermal capacitances and resistances of the component parts of the motor. These
parameters may be dependent on both rotational and switching frequency.
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5 Losses and their effects

5.1

General

In addition to the well-known losses due to fundamental voltage and currents, the non-
sinusoidal supply by a converter creates additional losses in the motor. These additional
losses depend on speed, voltage and current, the converter output voltage waveform, and the
design and size of the motor. If neither series inductances nor filters are provided, these
losses can amount up to 10 % to 20 % of the fundamental losses and thus up to about 1 % to
2 % of the rated output of the motor.

The

magnitude and the characteristic behaviour of the additional losses depend on the| type

and ¢n the parameters of the converters involved as well as on the desig nd of
the filter circuits.

5.2 | Losses in motors supplied from voltage-source converte

Voltalge-source converters impress their voltage on the motor o the dutput
switching, the average voltage of nearly ideal shape is a 2 A\ quasi-rectanlgular
voltage with steep slopes and approximately constant ampli o evel converters impress
a pepk-to-peak value of the intermediate DC voltage). Sincesthis "pulse/voltage" is about
constant in amplitude and frequency content, these flosse > independent of cufrent,
speefl and flux (voltage) of the motor. So they eccur i oS§ses. The influence of
saturption (due to flux or to current) on na| Yosge

Figun

powgred from 50 Hz sinusoidal and 5,

Key
A: fy

e 8 shows examples of the losses
ge:soxce converter supplies.

& /\\\J

O

\\
\)

\

/_
//
/'/‘

60 80 100 120

Hz
/ IEC 452/04

Il.lead, PWM supply B: full-load, sine supply C: no load, PWM supply D: no-load, sine su

l-¥oad for a 37 kW, 50 Hz motor

pply

Figure 8 — Example of measured losses W, as a function of frequency fand supply type

Typically, the additional losses show a strong decline with increasing pulse frequency up to a
few kHz (see Figure 9).
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Figure 9 — Additional losses AW of a motor (same motor as Figur€

However, the commutation losses in the converter increase wif
resull that the sum of the losses has a minimum at a few k

Typigal values for the additional losses due to

increpsing motor size:

0,4 9
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« aYyoidance of short-circuits between the rotor laminations;

« thinner stator and rotor laminations, to reduce eddy-current losses;

o/eddy currents in the leakage flux paths (espeC|aIIy [
ses at the voltage-source converter supply can be minir

rter

with

itthing

olled
and

Itage
sses
some
in the
nized

e reduced eddy current losses in series inductors or filters.

5.4 Converter features to reduce the motor losses

The most significant benefits are achieved by optimising the motor flux depending on load (for
example, reduction of flux at partial load) since this reduces the fundamental losses which are
considerably higher than the additional losses. The fundamental losses may also be reduced
by variation of intermediate DC voltage.

NOTE 1 This solution is beneficial to applications where the required torque is a function of the speed, for
example pumping and ventilation (torque proportional to the square of the speed). Other applications r

careful consideration.

equire
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The additional losses may be reduced by reducing the harmonic content of the converter

output voltage by, for example:

e optimising the pulse patterns.

* increasing the switching frequency (see Figure 9).

NOTE 2 Increasing the switching frequency will result in higher switching losses in the converter (see Figure
5).
* multi-level converter configuration.
5.5 Temperature and life expectancy
The sum of the fundamental and additional losses due to the load conditiomand the.vdltage
waveform results in a temperature rise of the motor windings. The te also
be affected by a change in cooling at the operating point within the spé
Ther¢ are several ways to take this effect into account, for exa
« uge of a separate cooling supply, such as ICOA6 or IC N air-

(@)

poled motor,

.
[

c
"4
(0]
[®]
=n
o
<
0]
=
@,
N
]
o
3
@]
—_
[®]
=

® (0]

NOTE
hence|the bearing lifetime.

h, and

y the

duty type as defined inNEC% VAN to S9 consider the maximum temperature,

whergas S10 (for operatign

vhich

exceed the limit ature
rise jare given  the
calculation of therma

5.6

The t0 determine the motor efficiency are given in A.1|6 of
IEC ¢ A RorNmotors\of power higher than 50 kW, the summation-of-losses methpd is
prefe

NOTE ; £ 60034-2 will probably change this from 50 kW to 150 kW.

The nosload losses (including the additional losses) should be measured at the same pulse

pattefn.and pulse frequency that the converter will produce at rated load.

6 Noise, vibration and oscillating torques

6.1 Noise and vibration in an induction motor supplied from a converter

6.1.1 General

The converter and its function creates three variables which directly affect emitted noise.

They are:

* Changes in rotational speed which may range from near zero speed to values in excess of

the base speed. The factors that are influenced are bearings and lubrication, ventilation
and any other features that are affected by temperature changes.
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 Motor power supply frequency and harmonic content which have a large effect on the
magnetic noise excited in the stator core and, to a lesser extent, on the bearing noise.

« Torsional oscillations due to the interaction of waves of different frequencies of the

magnetic field in the motor air gap.

6.1.2 Changes in noise emission due to changes in speed
6.1.2.1 Sleeve (or plain) bearings

There will be no significant change in the emitted noise level with plain bearings.

6.1.212 Rolling element bearings

The fundamental frequencies of potential noise emission from a rolliy

vary firectly with the rotational speed. If the bearing is "quiet” at the/base speeHd
for the noise level to change significantly when the speed is redyceyq.

speef is increased above the base speed there is the possibiity tf

increpse dramatically due to harmonics of the fundamental
due to skidding of the rolling elements. The susceptibility 6 thi
to ingrease rapidly at speed factors (bearing diameterj
greafer than 180 000. Experience has shown that the
by increasing the lubricant supply to the bearing b
utilising oil bath or oil mist lubrication.

ing will

ikely
N the
could
pated
nown

rmin)

ered
or by

When operating at the highest speed ill be
highe minal
clear
Greape lubricated bearing
6.1.2|3 Ventilation/ noi
For 3 shaft mo erated will vary approximately as the charactgristic
shown in Figure 10 elocity up to 50 m/s). The fan noise will decreage by
abou peed and increase by about 10 dB for a speed incfease
of 50 %. 8 IS idi ional, very effective noise reduction can be achievgd by
utilis Y
@ 10 1
< U T
2 3 4
_1 T
0 R (p.u.)
-20 7
-30 7
-40 -
IEC 454/04
Key
AS — change in sound pressure R — relative fan speed

Figure 10 — Fan noise as a function of fan speed
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6.1.3 Magnetically excited noise

When the motor is to be operated over a wide speed range, resonances are unavoidable due
to the varying supply frequencies. This effect is not associated with the converter supply and
would also occur in case of variable-frequency sinusoidal supply voltages.

In the case of motors supplied from a converter, the interactions with the motor structure of
the spatially varying fundamental fields caused by the time harmonics of the stator and rotor
currents should also be considered. The objective of PDS designers is to create optimum
noise solutions, but it should be recognized that such solutions are not the responsibility of
either the converter designer or the motor designer alone and that in many cases design co-
operatiuu isessentiat:

The fairly crude synthesis of a sinusoidal voltage waveform at variable by.a vdltage
sourge converter produces a very large number of voltage harmonigScompgonenisXand,|[as a

consequence, current harmonic components in stator and r¢ plitide| and
frequencies generated result from the converter pulse contpal motor
pararEeters. Experience has shown that with pulse frequencies KNz, the harmonic
frequencies can be close to the natural frequencies of \ andvstructuge on

mediim and large motors and consequently with wide sp tions, resornance
points are nearly unavoidable at some point in the spe ance frequepcies
for thHe modes » = 0 and » = 2p are less than 2,5 k and 4-pole motors with [shaft
height greater than 315 mm. By contrast, the trend i e converter pulse freqyency
to 4 kHz or 5 kHz or even higher will r i Si ncesoccurring on progressively
smaller motors.

samg motor supplied from a sinusoidal su 8 small (a few dB(A) only) whep the
switching frequency is abqQve about\3 k wer switching frequencies, the hoise
increpse may be tremerdou experience). Some advanced PWM or
hystdgresis controlled cenverters™o longegse fixed“carrier frequencies and therefore prqduce
a widely spread spectrum g equencies. Thus the typical noise incfease

and the subjectiv he drastically reduced.

In sgme circumstan gsary to create "skip bands” in the operating gpeed
range i 3 ificresonance conditions due to the fundamental frequency.

6.1.4

Osciljati i are generated in the shaft of motors supplied from converters.| The
magni 5 ipple and its frequency are such that they can produce t¢rque

vibrati in the_ complete connected mechanical system which should be carefully checKed in
order i

In the ‘case of voltage source PWM converters with low pulse frequencies (less than 20Q Hz),
the oscillaling torques can be up t0 50 % rated torque depending on the harmonic content of
the output voltage. In the case of converters with much higher pulse frequencies of greater
than 2 kHz, the significant oscillating torques at 6 and 12 times fundamental frequency are
always less than 10 % of rated torque.

A DC component, or a negative-sequence component produced by asymmetries of the
converter output voltage will generate a torque component of 1 or 2 times fundamental supply
frequency and should therefore be carefully prevented. Bear in mind that for DC only the
resistance and for negative sequence a short-circuit impedance are effective, and therefore
small asymmetrical voltages will produce rather high asymmetrical currents and thus
oscillating torques, especially when meeting a resonance frequency of the shaft train.
Oscillating torques will lead to damage due to clearances in gear sets, couplings or some
shaft connections if the torque transmitting surface is able to disconnect and afterwards to
"hammer" back.
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Sound power level determination and limits

Methods of measurement

Sound power levels should be determined in accordance with IEC 60034-9 (but see 6.2.2).

6.2.2

Test conditions

Tests should be made with the motor supplied from a converter with the pulse frequency and
pattern that will be used in the application.

It is
insta

Durin
spee
meag

If the
used

6.2.3

Wher
soun

NOTE
that a

If the
giver

referred—thatthemotor shoutd—berigidty mounted—to—=a—surface representative o
led operating condition.

i and load range to determine the conditions for maxi
urement should then be made under these conditions.

above conditions cannot be achieved, the test co

Sound power level limits

The values in Table 4 are different from th
e achievable with current technology.

as a function of output power

f the

g the test, it is preferred that a preliminary measurement should\be mddengveKthe ¢ntire

d be

t the

levels

Id be

On-load sound power level (dBA)

NN
Power outp \maxm\{m\eee\é (Wl\)/ Less than 2 000 r/min 2 000 r/min to 3 750 r/mi

PR z =

BN \‘5\'{ \V) 84 90
AU\ 88 94

\ 2 92 98
D7 95 101
55 98 104
110 100 106
220 104 110
550 110 116

6.3
6.3.1

Vibration level determination and limits

Method of measurement

Vibration levels should be determined in accordance with IEC 60034-14.
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6.3.2 Test conditions

Tests should be made with the motor supplied from a converter with the pulse frequency and

patte

rn that will be used in the application.

It is preferred that the motor should be rigidly mounted to a surface representative of the

insta

lled operating condition.

During the test, it is preferred that a preliminary measurement should be made over the entire
speed and load (see NOTE 1) range to determine the conditions for maximum vibration and

that

final measurement should then he made under this condition

NOTE|1 This recommendation can significantly increase the test time, and is not required

NOTE|2 For in-situ measurements, refer to ISO 10816-3.

6.3.3 Vibration level limits

When testing under the conditions specified in 6.3.2 it is.recommeéngded, th e vibnation
magritude measured on the bearing housings should not £€xceed\thg on level Grafle A,
given in Table 1 of IEC 60034-14.

7 Motor insulation electrical stresses

7.1 | General

The insulation system of the motor is glbjected ar dielectric stress when convertgr fed
than jn the case of a pure AC sinusoidal s

7.2 | Causes

A voltage-source gonve ) e gular pulses of fixed amplitude voltage that|have
varyipg width gé voltage of the pulses at the output of the
converter is not mefent! oltage (1 p.u.). This level depends on the reqtified
maing voltage or brgl a g power factor correction regulation voltage.

Modgrn conve age rise times may be in the 50 ns to 400 ns range. Thely are
kept fas shok as paqssible to pimize switching losses in the output semiconductors. These
converte ~ ive voltage overshoots at the terminals of a motor conngcted
by a cable, w A reduce the life of a motor insulation system if they exceed its repgtitive
voltage strength\Figure~t1 shows a plot of the surge count measured at the terminalq of a
motof fed framya.conyerter. As can be seen, there is not a simple relationship betweeh the
surgg count-and the~gurge rise time and magnitude.
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Depgnding on the rise time of the vo
length and motor impedance, the puls

phenpmenon is fully
harmlpnic content of the

presént in the o@-
outpyt and at the\gr0

shown in Figure 13
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converter output, and on the
overshoots at the motor tern
(typigally up to 2 p.u. be S voltage overshoots are created by refl
waves at the interface be Brrhinals due to impedance mismatch,

the rise time decreases, so the freque
/Typical voltage surges measured at a con
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inals
bcted
This
) the
hcies
erter
surge

Key

C — phase voltage at converter M — phase voltage at motor

Figure 12 — Typical voltage surges on one phase at the converter
and at the motor terminals (2 ms/division)
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As thHe cable length increases, the pulse overshoot generally |
decli
pulssg
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and

switc
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C - phase voltage at converter M — phase voltage at motor

Figure 13 — Individual short rise time surge from Figure 12

nes. Meanwhile, the pulse rise time at the motor terminal

M
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'm m P
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nding
nhined

blogy
erter
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ed by converter double transition (gross-
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This

. ich travels to the motor. This can then build to greater
th g eflected at motor terminals.

32 time control in the converter, and if the time between two

1 the

rise

fer.definition, see Figure 14) of the impulse at the motor terminals, and on the freqency

of the impulses produced by the converter.
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100 %
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Fjgure 14 — Definition of the peak rise time ¢, of the voltage o ihals
One |part of the stress is determined by the level of voltage apl' \ in i ation
(phage to phase or phase to ground) of the winding coils. i5 i i -turn
insul@ition and determined by the rise time of the impulsesS\Shk ime“impulses result in
the vpltage being unevenly distributed throughout t e cpi ith_hi bsent

wg. Figure 15 shows an
a function of the impulse

examniple of the distribution of the volt
ge appears across the first

rise fime. As illustrated, the shorter
turn ¢f the coil.

WithnT the first few turns at the line end of the i

01 0,1 1 10

& Ms

IEC 459/04
Ke

AV — voltage across the first turn (% of input voltage) t. — surge rise time

Figure 15 — First turn voltage as a function of the surge rise time

Short rise time impulses at motor terminals also cause high wire to wire voltages in the first
turns of each winding phase and can be followed by early dielectric breakdown wire to wire.
Such occurrences are often due to inadequate dielectric strength of the enamel coating. In
this case, the dielectric breakdown occurs well under the Partial Discharge Inception Voltage
(PDIV) level. Insulation failures of this type cannot be detected by a standard dielectric test at
50 Hz or 60 Hz. New methods of verification are being developed to test for such insulation
breakdowns. It can be observed that the voltage rise time at the motor terminals increases
with the length of the cable due to high frequency losses in the cable.
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7.4 Insulation stress limitation

The upper limited level at which this over-voltage stress becomes harmful is the PDIV (the
voltage at which partial discharges begin to occur) or, in the air, the Corona Inception Voltage
(CIV). Partial discharges cause degradation of the insulation system through both chemical
and mechanical erosion. The rate of insulation degradation depends on the energy and
frequency of occurrence of the partial discharges.

PDIV and CIV in a motor are influenced by:

*  Winding type: random or form wound.

sign: phase separation material.

arnish type and impregnation.

D
V
« Wire size: larger diameter wire has a higher PDIV.
Wire insulation type.
Enhamel thickness: thicker enamel coating of wire increases
O

perating temperature: when the winding temperg
(typically by 30 % from 25 °C to 155 °C).

ases

Figure 16 shows a partial discharge pulse that has|resulte Wy of a

NOTE|The discharge occurs at the rising edge™ef a can e € BCross
a void|in the insulation reaches its breakdown str!

9,

a

surge at motor terminals D - discharge pulse

IEC 460/04

Figure 16 ~Disc e pulse occurring as a result of converter generated voltage slirge

at motor terminals (100 ns/division)

7.5 ~Responsibitities

The system supplier should ensure that the voltage stress level does not exceed the
insulation system voltage stress capability (see Figure 17). Therefore, the system supplier is
responsible for specifying the voltage stress level at the motor terminals, taking into account
possible voltage reflection depending on the topology and operating mode of the converter,
cable type and length, etc. Relevant parameters for insulation stress are: transient peak
voltage values, rise time, repetition rate, etc.

The motor manufacturer should check the voltage stress withstand capability according to the
system supplier's specification. To ensure that no service lifetime reduction of the motor
insulation occurs, the actual stress due to converter operation should be lower than the
repetitive voltage stress withstand capability of the motor winding insulation system (level A
or B of Figure 17).
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the DC bus voltage, which degends

enerative operation (for example, when braking).

The fise time o S v _the switching characteristics of the power semi-
condpctors and t tHeir snubber circuits.

NOTE otor is not directly related to the rise time at the output |of the
conve 3 confuged. The relationship between them is complex and depends pn the
high fi { and of the cable. The rise time referred to in Figure 17 is the value at
the m e converter terminals. When designing a PDS, using the expected rise time
at the ¢ defined) instead of the rise time at the motor terminals (which is diffjcult to
predict) i 8 gin to be compared with cost consequences.

7.7 uction of voltage stress

Ther¢ arg several possible methods of reducing the surge severity in a given situation:

lthouah it is often difficult or impractical chanaina the cable lenath and/or aroundi g of
J Lad 7 ~ ~ - -

the cable between the motor and converter will change the surge magnitudes seen by the
motor.

Changing the installation to one using a decentralized topology, or using integrated
motor/converter combinations, will decrease the voltage overshoots.

Replacing the cable with a type with higher dielectric losses (e.g. butyl rubber or oil-
paper). Special types of motor cables using ferrite shielding are available. These reduce
the voltage oscillations and improve the EMC quality.

Installing an output reactor (see 9.2.2) will increase the rise time of the travelling wave in
combination with the cable capacitance.

NOTE In this case, the voltage drop across the inductance should be taken into account in the system
design.
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* Installing an output dV/dt filter (see 9.2.3) between the converter and the cable leading to
the motor will significantly lengthen the rise time of the surges. This option may allow the
use of longer cables.

e Installing an output sinusoidal filter (see 9.2.4) will increase the rise time. However, the
main function of such a filter is to reduce EMC interference and additional motor losses
and noise. Also, with a nearly sinusoidal voltage, standard unscreened cables can be
used. The possibility of using this solution depends on the required characteristics,
particularly the speed range and dynamic performance, of the application.

« Installing a motor termination unit (see 9.2.5) at the motor terminals will suppress the
overvoltages at the motor terminals.

* Preventing cross-switching of converter phases.

e Clontrolling the converter minimum inter-pulse time (depending on cap dth).

 Replacing the converter with one producing smaller voltage step hree-
Idvel converter.

7.8 | Motor choice

The admissible impulse voltage stress for an insulation syste by its design. In

general, three impulse withstand levels as shown i - \Itage

indudtion motors:

. ithstand level according to IEC 60634-17;
otors
ange
tions
hen using filtering dé€vi g i . ed in
e system), such poto ltage

ithstand le

hen using ¢ otors

f the

otors
f the

ov<s S o< s =< ®ODS <

8 Bearing currents

8.1 Sources of bearing currents in converter-fed motors
8.1.1 General

Several situations can cause bearing currents. In all cases, bearing current will flow when a
voltage is developed across the bearing sufficient to break down the insulating capacity of the
lubricant. There are several sources of this voltage.

8.1.2 Magnetic asymmetry

Asymmetry in the magnetic circuit of a motor creates a situation that causes low frequency
bearing currents. This is more common in motors greater than 400 kW. An asymmetric
magnetic circuit results in a circumferential AC flux (ring flux) in the yoke. This induces an AC
voltage of the conductive loop comprising the motor shaft, the bearings, the end brackets, and
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the outer frame of the motor. If the induced voltage is sufficient to break down the insulation
provided by the lubricant, current will flow through the loop, including both bearings.

8.1.3 Electrostatic buildup

The voltage can also be caused by an electrostatic build up on the shaft due to the driven
load such as an ionized filter fan.

8.1.4 High frequency voltages

The high-frequency common mode voltage at the motor terminals generates common mode
currents, part or which may 1low throug € bearings of the motor or of the driven equjpient.
The ¢ommon mode currents may also generate a voltage across the beayings\by transformer
actioh. These effects result from the use of fast switching semicondusfor dev ces,)and can
causg bearing problems, due to different effects, in motors of all rg . gffectp are
descfribed in detail in 8.2.

8.2 | Generation of high frequency bearing currents
8.2.1 General

The most important factors that define which mecjfani { are the size df the
motof and how the motor frame and shaft are grouned i stallation, meaning a
suitaple cable type and proper bonding,of the gfo uctors and the electrical shield,
also plays an important role, as well g it ¥oltage and the rate of rise
of thp converter output voltage. The “sourse “Qf bearing\currents is the voltage acrosg the
bearing. There are three types of ifg currents: circulating, |shaft
groumnding, and capacitive discharge.

Two [types of bearing c [ % c'rc lating current (/) and shaft groupding
curre’l‘nt (Ig), are sho i i i 8. These are strongly influenced by the
groumding arrangements™an ingd 2

WEE==——VAN'N

Ny
QX ___i__:..' ....... g f s L

. 1 [y 2
L
RO
1 H
« c * Ig =
VE v
e IEC 462/04
Key
D — converter M — motor C - shaft coupling L — driven load
Ve - high [0 Igp:HF common-mode [] Vg : HF shaft voltage [0 I¢: HF circulating
frequency (HF) current current
common-mode
voltage [0 Ipg: HF return current [l Vg:HF frame voltage  [] Ig: HF shaft current

Figure 18 — Possible bearing currents
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8.2.2 Circulating current

In large motors, a high frequency voltage is induced in the closed loop described in 8.1.2 by
the high frequency flux circulating around the stator yoke. This flux is caused by capacitive
currents leaking from the winding into the stator laminations. The induced shaft voltage may
affect the bearings. If it is high enough to overcome the insulation of the bearings’ lubricant
film, a compensating current to balance the flux in the stator flows, looping the shaft, the
bearing and the stator frame.

These high-frequency currents may be superimposed on low-frequency currents generated as
described in 8.1.2.

8.2.3 Shaft grounding current

The gurrent leaking into the stator frame needs to flow back to the grie ich is the
sourge of the current. Any route back contains impedance, and thgrefoxe, thé f the
motof frame increases in comparison to the source ground lev ¢ earth
groumnded via the driven machinery, the increase of the moto fra Cross
the Hearings. If the voltage rises high enough to overco he i ali f the
bearipg lubricant film, part of the current may flow via 4¢hat™oeari riven

machine back to the converter.

8.2.4 Capacitive discharge current

ThenLnternaI voltage division of the e internal capacitances of
the motor may cause bearing voltages gh frequency bearing cyrrent
pulsgs (referred to as Electrostatic Disck 5. M i urrents). This can happen |f the
shaft| is not grounded via the driven i ile the motor frame is tied to ground for
protection.

8.3 Common-mode

8.3.1 General
A common mode/\; i op path for circulating current flow within the ¢ntire
system, including th s/t

A typical threé\phs i g [ i brmal
cond|tions. e Ne Z i . , this i i P\WM
switched/three, pR i i hase
voltages. 5 are

symmetrical 8 ages
instaptaneously "equal>to zero with only two possible output levels available. The resjlting
neutral peint® voltag¥ is not zero. This voltage is the common mode voltage source.| It is
meagurable at the star point of the motor winding (or at an artificial star point for motor
windings”other than star) at any load. The voltage is proportional to the DC bus voltaquand
its significant frequency is equal to the converter switching frequency.

Any time one of the three converter outputs is changed from one of the possible potentials to
another, a current proportional to this voltage change is forced to flow to earth via the earth
capacitances of all the components of the output circuit. The current flows back to the source
via the earth conductor and capacitances of the converter.

8.3.2 System common-mode current flow

The return path of the leakage current from the motor frame back to the converter frame
consists of the motor frame, cable shielding or ground conductors and possibly conductive
parts of the factory building structure. All these elements contain inductance. The flow of
common mode current through such inductance will cause a voltage drop that raises the
motor frame potential with respect to the converter frame. This motor frame voltage is a
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portion of the converter’'s common-mode voltage. The common-mode current will seek the
path of least impedance. If a high amount of impedance is present in the intended paths, like
the ground connection of the motor frame, the motor frame voltage will cause some of the
common-mode current to be diverted into an unintended path, such as through the building. In
practical installations, a number of parallel paths exist. Most have a minor effect on the value
of common mode current or bearing currents, but may be significant in coping with EMC
requirements.

However, if the value of this inductance is high enough, voltage drops of over 100 V may
occur between the motor frame and the converter frame. If, in such a case, the motor shaft is
connected through a metallic coupling to a gear box or other driven machinery that is solidly

grou ) art of
the gonverter common mode current flows via the motor bearings, the and thevdriven
maclh|inery back to the converter.

If thel shaft of the machinery has no direct contact to the ground lev¢ via the
gear|box or load machine bearings. These bearings may be motor
bearings.

8.4 | Stray capacitances

8.4.1 General

The stray capacitances inside the mo ver mall, and present a| high
impeflance for low frequencies thus oc uerney putrents. However, fast fising
pulsgs produced by modern converte ncies S50 high that even the pmall
capagitances inside the motor provide g i g g _pathTor current to flow.

8.4.2 Major componen

The largest share of the meg d the
motof frame. This capas f the
stato f the

curre

This
lamin
beco
both
circu
20 A
and

. As the cuyren
nt entering

age in the loop described in 8.1.2. If the shaft vo
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tator
Itage
I and
This
A to
inals
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Consequences of excessive bearing currents
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Figure 20 and Figure 21 show typical bearing damage due to common mode currents and
electrical discharge.
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IEC 464/0

Figure 20 — Bearing pitting due to electrical discharge (pit diame it 2’50 pm)

IEC 465/04

8.6 | Preventing high f

8.6.1 Basic approaches

Ther¢ are three @ gvent high frequency bearing currents, which can
be uged individualy omni i

All thlese terd todeoreasethe voltage across the bearing lubricant to values that do not qause
high bearing current pulses at all, or dampen the value of the pulses to a leve] that
has no effect-on beaping life. For different types of high frequency bearing currents, different
meagqures need to be taken.

The basis of all high frequency current solufions is the proper grounding system. Standard
equipment grounding practices are mainly designed to provide a sufficiently low impedance
connection to protect people and equipment against system frequency faults. A variable
speed drive can be effectively grounded at the high common mode current frequencies, if the
installation follows the principles of Clause 9.

8.6.2 Other preventive measures

* Use insulated bearing(s).

NOTE Several kinds of bearing insulation with different thickness and placed at different locations (for
example, between shaft and inner bearing race, between outer bearing race and end-bracket, between end-
bracket and frame) are in practical use. Anti-friction bearings with a ceramic coating at the outer surface (so-
called coated bearings) are customary. Bearings with ceramic rolling elements are also available.

* Use afilter that reduces common-mode voltages and/or dv/dt.
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« Use non-conductive couplings for loads or other devices which may be damaged by
bearing currents.

e Use brush contact(s) between shaft and motor frame.
« Use lower voltage motor and converter if possible.

e Run the converter at the lowest switching frequency that satisfies audible noise and
temperature requirements.

* Avoid the use of double transitions (parallel switching).

Table 5 compares the effectiveness of some of these measures.

Table 5 — Effectiveness of bearing current countermea

Current type

Counfler measure Circulating Shaft grounding Capamtl@

currents currents discharge. curkent
(8.1.2, 8.2.2) (8.2.3)

DE Wéulated td

Effective Not effective:
|nsuI ted or a\oid need for ap
cera |c rolllng Only protects one indulated couplirg.
elem bearing.

Most effective fop
small frame sizep.

Less practical fof
large frame size$.

E and DE Effective: Effective K/
|nsu| ted, .
or cerfamic One .|nSL‘JIated
rollind elements bearing is adequate Q
for this current type.

rollln elements
Helps to prevent

add|t| nal possible damagq to
insuldted driven load.
coupling and Servicing necesgary.

shaft

E and DE Effective Eff e N Effe}fT\{ Most effective
|nsuI ted, (especially for lafger
or cerfamic % machines).

rounding
brush N
~
i \J er: Effective: Servicing necesgary.
|nsu| ted .
Does not protect Care needed to Most practical fofr
One OE brush earings in driven ensure low brush large frame sizes.
contagt load. contact impedance.
P DE brush used t
heafi avoid need for ap
N protgction. insulated coupling.
e brus \lot fM: Effective: Effective: Servicing necesgary.
conta t
nly protects one Does not protect Care needed to
No bepring bearing. bearings in driven ensure low brush
insulation load. contact impedance.
6) TINO brush Effective: Effective: Effective: Servicing necesgary.
contacts, DE and
NDE Care needed to Does not protect Care needed to
ensure low brush bearings in driven ensure low brush
No bearing contact impedance. load. contact impedance.
insulation
7) Low Poor Poor Effective: No long term
resistance experience.
lubrication Depqus on o
and/or carbon- condition of Lubrication
filled bearing materials. effectiveness
seals reduced.
8) Rotorin Not effective Not effective Very effective Problems from
Faraday cage converter generated

circulating currents
that normally only
occur in larger
motors.
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Current type

Counter measure Circulating Shaft grounding Capacitive Additional
currents currents discharge currents comments
(8.1.2, 8.2.2) (8.2.3) (8.2.4)
9) Common Effective: Effective Effective Greatest reduction

mode voltage
filter

Reduced HF voltage
also decreases LF
currents.

of common-mode
voltage if filter is

fitted at converter
output.

10) Insulated
coupling

Not effective

Very effective

Not effective

Also prevents
possible damage to

driven load.
11) Ffame to Not effective Effective Not effective O prevents
driven load possihle damagqg to
conngction driven :
DE = Prive End; NDE = Non Drive End.

9 Inhstallation

9.1
9.1.1

The
use

specfific installations, local regulations
he system integrator, and the cg

with
be d@bserved.

IEC §1000-5-1 and IEC @

technjiques.

9.1.2
9.1.2|1

The

equig
profo
This
and ¢i

In ad

Groun%
Objective

Grounding, bonding and cabling

General

See

for more

ZANA® AN
V4

B_suitability of conductofs for
EMC installation issueqd. For
Should be followed and agreed
instructions concerning EMC should
information.

See | also

ive guidance on general EMC installation

ional
imits
more
cies.
bsure

high

dition;\Correct grounding strongly attenuates motor shaft and frame voltages, red
frequency bearing currents and preventing premature bearing failure and pos

dam4g

ge'fo auxiliary equipment (see Clause 8)

9.1.2

.2 Grounding cables

Licing
sible

For safety, grounding cables are dimensioned on a case-by-case basis in accordance with
local regulations. The appropriate selection of cable characteristics and cabling rules also
helps to decrease the levels of electrical stresses applied to the different components of the
PDS, and therefore increases its reliability. In addition, the cable types should follow the EMC

requi

rements.
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9.1.3 Bonding of motors

Bonding should be implemented in a manner that will not only satisfy safety requirements, but
will also enhance the EMC-performance of the installation. For bonding straps, suitable
conductors include metal strips, metal mesh straps or round cables. For these high frequency
systems, metal strips or braided straps are better. A typical dimensional length/width ratio for
these straps should be less than five.

With motors from 100 kW upwards, the external grounding conditions of the driven machinery
may require a bonding connection between the motor frame and the driven machinery. Typical
applications are pumps (grounded by water) and gearboxes with central lubrication (grounded
by o:l: pipes). The purpose of this connection is to equalize the potentials and impreve the
grounding. It should have low inductance, so a metal strip or braided strap should ¢ used,
and [t should follow the shortest possible route. In some cases, additipnal bording df the
moto %. Mgy be
requi

Whet be takien to
preve

IEC 466/04

S — Bonding strap

9.1.4

9.1.4/1 Recommended configurations

For power levels greater than 30 kW, cables where the single core power and ground
conductors are symmetrically disposed may be beneficial.

Shielded multicore cables are preferred for lower powers and easy installation. Up to 30 kW
motor power and 10 mm?2 cable size, unsymmetrical cables may also be satisfactory but
require more care in installation. A foil shield is common in this power range.

To operate as a protective conductor, the shield conductance should be at least 50 % of the
phase conductor conductance. At high frequency, the shield conductance should be at least
10 % of the phase conductor conductance. These requirements are easily met with a copper
or aluminium shield/armour. Because of its lower conductivity, a steel shield requires a larger
cross-section, and the shield helix should be of low-gradient. Galvanising will increase the
high frequency conductance. If the shield impedance is high, the voltage drop along it caused
by high frequency return currents may raise the motor frame potential with respect to the
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(grounded) rotor sufficiently to cause undesirable bearing currents to flow (see Clause 8). The
EMC-effectiveness of the shield may be assessed by evaluation of its surface transfer
impedance, which should be low even at high frequencies.

Cable shields should be grounded at both ends. 360° bonding of the shield will utilize the full
high frequency capability of the shield, corresponding to EMC good practice (see 9.1.4.3).

Some examples of suitable shielded cables are:

« three-core cable with a concentric copper or aluminium protective shield (see
Figure 23 A). In this case, the phase wires are at an equal distance from each other and
from the shield, which is also used as the protective conductor.

e three-core cable with three symmetrical conductors for protective grotnding” and a
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Scu - lconcentric copper AFg steel armour Txfr — transformer C\ converter PEs separate

(or aluminium) screen ground wire

Figure 23 — Examples of shielded motor cables and connections

In all cases, the length of those parts of the cable which are to be connected at the frequency
converter junction and at the motor terminal box, and therefore have the shield removed,
should be as short as possible.

Typically, shielded cable lengths up to about 100 m can be used without additional measures.
For longer cables, special measures, such as output filters, may be required. When a filter is
used, the above recommendations apply to the cable from the converter output to the filter. If
the filter is EMC-effective, the cable from the filter to the motor does not need to be shielded
or symmetrical, but the motor may require additional grounding.
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Single core unshielded cables may be suitable for motor cables for higher powers, if they are
installed close together on a metallic cable bridge which is bonded to the earthing system at
least at both ends of the cable run. Note that the magnetic fields from these cables may
induce currents in nearby metalwork, leading to heating and increased losses.

9.1.4.2 Parallel symmetrical cabling

When cabling a high-power converter and motor, the high current requirements may make it
necessary to use several conductor elements in parallel. In this case, the appropriate cabling
for easy (symmetrical) installation should be done according to Figure 24.

=

1 1
/ 2:|f< %[2
3d L3
— 1
;]M ‘r\rz
= 3J L3
1 1

2

3

Figure 24 — Parallel symmetrical cabling of

9.1.4/3 Cable terminations

When installing the motor cable, it shotd be 3 ield is hi (HF)

terminal box is made of an electrically tondustive’ma b like aluminium, iron etc. that ig high
frequency electrically conpected S . e shield connections should be nade
with [360° terminations, Qiving atee qver a wide frequency range from OC to
70 MHz. This effective ame vpltages and improves EMC performange.

Examples of go acti nd motor ends with lower power are shown in
Figurne 25 and Fi i .
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