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The main {ask of IEC technical committees is to prepare International Standarg
exceptional)circumstances, a technical committee may propose the publication of a tec
speciffication when:

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ADJUSTABLE SPEED ELECTRICAL POWER DRIVE SYSTEMS -

Part 8: Specification of voltage on the power interface

FOREWORD

eTITationa S ote fCa O TSSO TS—a-wortdwide organizatio O andardizatio O
national electrotechnical committees (IEC National Committees). The object of IEC is to 'p
rnational co-operation on all questions concerning standardization in the electrical and electrenic\fig
end and in addition to other activities, IEC publishes International Standards, Technical Specifi

prising
romote
Ids. To
ations,

Tedhnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter refesred” to ag “IEC

formal decisions or agreements of IEC on technical matters express, as nearly as possible, an intern
conjsensus of opinion on the relevant subjects since each technical committee has representation fi
rested IEC National Committees.

IEQ Publications have the form of recommendations for international usé and are accepted by IEC N
Corpmittees in that sense. While all reasonable efforts are made te™ensure that the technical content
Pulllications is accurate, IEC cannot be held responsible for ¢dhe way in which they are used or
misjnterpretation by any end user.

In ¢rder to promote international uniformity, IEC National €ommittees undertake to apply IEC Publj
trarfsparently to the maximum extent possible in their <hational and regional publications. Any divg
betyveen any IEC Publication and the corresponding nati@nal or regional publication shall be clearly indig
the|latter.

IEQ itself does not provide any attestation of conformity. Independent certification bodies provide cor
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible
seryices carried out by independent certificatiéfn bodies.

All iisers should ensure that they have the.latest edition of this publication.

No [liability shall attach to IEC or its.directtors, employees, servants or agents including individual expe
meinbers of its technical committees and IEC National Committees for any personal injury, property danj
othgr damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feq
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any oth
PuRlications.

Attgntion is drawn to the " Normative references cited in this publication. Use of the referenced publica
indispensable for the correct application of this publication.

Attgntion is drawn_to, the possibility that some of the elements of this IEC Publication may be the su
patent rights. IEC_shall not be held responsible for identifying any or all such patent rights.
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the required support cannot be obtained for the publication of an International Standard,

despite repeated efforts, or when

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

is the

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

IEC 61800-8, is a technical specification, which has been prepared by subcommittee SC 22G:
Adjustable speed electric drive systems incorporating semiconductor power converters, of IEC
technical committee TC 22: Power electronic systems and equipment.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
22G/207/DTS 22G/215/RVC

Full information on the voting for the approval of this technical specification can be found in

the re

port on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list|of all parts of IEC 61800 series, under the general title Adjustable speed electrical
power drive systems can be found on the IEC website.
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the sfability date indicated on the IEC web site under "http://webstore:iec.ch" in thg data
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» trgnsformed into an International standard,
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e withdrawn,
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* amended.

A bilingual version of this publication may be issued at a later date.
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contents. Users should thetréfore print this publication using a colour printer
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ADJUSTABLE SPEED ELECTRICAL POWER DRIVE SYSTEMS -

Part 8: Specification of voltage on the power interface

1 Scope

This part of IEC 61800 gives the guidelines for the determination of voltage on the power

H f £ alas 4 LD Q o)
interfaceofpower—drive SyStemsS(r oS ST-

NOTE | The power interface, as defined in the IEC 61800 series, is the electrical connection,'\used for the
transmission of the electrical power between the converter and the motor(s) of the PDS.

The guidelines are established for the determination of the phase to phase.\voltages and the
phasg to ground voltages at the converter and at the motor terminals.

Thesqg guidelines are limited in the first issue of this document to the-following topologiejs with
three phase output

e indlirect converter of the voltage source type, with single phase diode rectifier as ling side
converter;

e indlirect converter of the voltage source type, with thfee phase diode rectifier as ling side
converter;

e indlirect converter of the voltage source type, with three phase active line side converter.

All specified inverters in this issue are of~the pulse width modulation type, wheie the
indivigual output voltage pulses are varied\according to the actual demand of voltage Jersus
time iptegral.

Other|topologies are excluded of theiscope of this International Specification.

Safety aspects are excluded from this Specification and are stated in IEC 61800-5 geries.
EMC gaspects are excluded from this Specification and are stated in IEC 61800-3.

2 Normative references

The fpllowing/referenced documents are indispensable for the application of this docyment.
For dated references, only the edition cited applies. For undated references, the latest gdition
of the[reférenced document (including any amendments) applies.

IEC 61000-2-4, Electromagnetic compatibility (EMC) — Part 2-4: Environment — Compatibility
levels in industrial plants for low-frequency conducted disturbances

3 Overview and terms and definitions

3.1 Overview of the system

A power drive system (PDS) consists of a motor and a complete drive module (CDM). It does
not include the equipment driven by the motor. The CDM consists of a basic drive module
(BDM) and its possible extensions such as the feeding section or some auxiliaries (e.g.
ventilation). The BDM contains converter, control and self-protection functions. Figure 1
shows the boundary between the PDS and the rest of the installation and/or manufacturing
process. If the PDS has its own dedicated transformer, this transformer is included as a part
of the CDM.
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For this document the following agreement for all symbols is set, that:

— the index "head" means the peak value and
— the index "star" means bipolar value.

For a given drive topology, the voltage waveform patterns between the later defined sections
are in principal constant as shape (including peak values), while their amplitudes depend on
the suited operating voltages, assumed as reference values in each section.

Depending on the considered section interface and on the nature of the examined voltages
(differential or common mode quantities), the reference voltages between sections are

| Wl DAL L (] b LA O s
average oG ornvro rancanentar AC quantitres:

The dctual voltage values shown between sections in the differential mode modehand fin the
common mode model are evaluated as peak values: they are obtained starting from the
corregponding reference values, multiplied by suited factors including the effect of the
overvpltage phenomena.

Installation or part of installation&%

Power Drive System (PDS)

CDM (Complete Drive Module)

System control and sequencing

BDM (Basic Drive Module)
Control
converter,
and protection

Feeding section

Field supply
dynamic braking

Auxiliaries, others ...

Motor and sensors

S

Driven equipment

IEC 1281/10

Figure 1 — Definition of the installation and its content

3.2 Terms and definitions

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

3.21
power interface
connections needed for the distribution of electrical power within the PDS

[IEC 61800-3:2004, 3.3.11]

3.2.2
two-port network
two-port network (or four-terminal network, or quadripole) is an electrical circuit or device with

two pairs of terminals
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3.2.3
converter reference point
NP

NP is the reference point of the converter (Vp, + Vp.) / 2. The converter reference point can
be dedicated for the different topologies. The voltage from NP to ground is generally a

common mode voltage

3.24
DC link

power DC circuit linking the input converter and the output converter of an indirect converter,

consisting of capacitors and/or reactors to reduce DC voltage and/or DC current ripple

3.25
DC link voltages
Va, V<1+ Vd

DC i

negat|ve potential

3.2.6
fo
filter nesonance frequency

3.2.7
fy
fundamental frequency of the inverter output voltage

3.2.8

fp
pulse[frequency of the phase

3.2.9

fs
fundamental frequency of the supply-voltage system

3.2.1(

fSW
switchjing frequency of gach semiconductor active device

3.2.11
ideal ground
ideal ground._is the earth reference point of the installation

3.2.12

K vo-ltage of the converter section. V4, means the positive potentiak V4. mea

ke
18
amplifying factors of the related section in the common mode model (peak values)

3.2.13
va

amplifying factors of the related sections in the differential mode model (peak values)

3.2.14
number of levels N

s the

number of levels N is equal to the number of possible voltages of the output phase to NP-

Potential

3.2.15

Ngcmult
number of DC links per phase of the multi DC link inverter topology
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3.2.16

system star point

SP

SP is the reference point of the inverter output. The system star point can be dedicated at
different system points. It is used to define the common mode voltage of a three phase
system against ideal ground

3.2.17

rise time

tl'

rise time of the voltage is defined between 10 % to 90 % of the voltage transient peak equal

(see-Flaura -2\
—HgtH-0—

to tggytrgt

3.21

overshoot voltage
Ve
amoupt of voltage that exceeds the steady state value of a voltage step "Vstep“ (see Figyre 2)

3.2.19
grounding potential
Vi
refergnce potential to ground at the individual section i sometimes'the phrase "earth pot¢ntial”
or "edrthing" may be used in the same content.

3.2.2(

Vep
phasqg to phase voltage

3.2.21

Venp _
phasqg to NP voltage at the inverter output

3.2.272

Vpsp . )
phasqg to star point voltage atthe inverter output

3.2.23

VPG, motor .
phasg to ground vaeltage at the motor terminals.

3.2.24

VPP, motor, .
phasqg tor phase voltage at the motor terminals

3.2.28

Vpp
peak value of the phase to phase voltage:

vV pp = Vstep * Vi (example for the two level case)

3.2.26
Vpp*
peak value between two bipolar peak voltages

3.2.27

Vep "
peak value of the phase to phase voltage including two times the over voltage spike
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3.2.28

Vs

phase to phase supply voltage (feeding voltage) of the converter. This voltage is used in this
document to normalize the peak voltages and the DC link voltage as “per unit values” and
includes all tolerances according to IEC 61000-2-4

3.2.29

Vsn .

nominal phase to phase supply voltage (feeding voltage) of the converter, the secondary
voltage of the input transformer without tolerances

3.2.30

Vstep
differgnce between steady state voltage values before and after a switching transition (see

Figureg 2)

Vstep

IEC 1482/10

Figure 2 — Voltage impulse wave shape parameters in case of the two level invernter
where rise time tl’i = tgo - t10

-------------------------------------------------

step I I N N 1 ........ A
VPP-f;;k
o e« [[[[]]
Vep ' :
R 0O O O O O, A8 A%
< 1 /f1 >: IEC 1283/10

Figure 3 — Example of typical voltage curves and parameters of a two level inverter
versus time at the motor terminals (phase to phase voltage)
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VPPT .......... “A A
Vep Ve
. /il *
VB{ ) 1/fp Vstep "
Vstepj *
Ak FiTit
VPPf:)
t !
I PN y
< P
1 If1 IEC 1284/10

Figure 4 — Example of typical voltage curves.and parameters of a three level invefrter

3.2.31
Vv

step

3.2.32

Vstep_

step

3.2.33

Vstep_

step

3.2.34
Vv

step |PP
Df the phase to phase voltage Vpp

step |G

PNP

bf the phase to NP voltage Vpyp

PSP
bf the phagse'to SP voltage Vpgp

versus time at the motor terminals (phase to phase voltage)

step

I
bf the common mode. \/nlfngn \/ui
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4 System approach

4.1 General

CDM Complete Drive Module
Line R, v Inverter
Section with LAY d+
transformer ' |
Input H ! ‘ T
Filter | [ Motor
--------- H | \Vj
e ; ! | Rectifier | & 3 ! Filter Cable
L ke : ; NP | and
N ! H : ! , Filter
iDC_ | 1 1 T T
19 1 Reactor| 1 ( Ll L \\ L
1] L 3 ' 1 1 \d—/
o w 1 Vo 1 T 1
Id.l ] 1 I
. L : : !
I 2 o
V, | - \ g 1 VG4 1
GO . 1 I| v I| i'
17 VG1 |‘i v 151 3 17 |
I1| 1 G2 |_'| | I'I'I I'I'I
A
- / L g o Vo
i Ideal Grounding impedances/

IEC 1285/1p

Figure 5 — Voltage source inverter (VSI) drive system with motor

The Joltage source type drive system [{see Figure 5) essentially consists of the following
elemgnts: line section, line side filter.(if needed), line-side rectifier, DC reactor (if ne¢ded),
DC capacitor bank in the DC link{)self commutated motor-side converter output filter (if
needdd), cable system between converter and motor and finally a motor.

4.2 |High frequency grounding performance and topology

The HE connection using,cables belongs to the so called low frequency based groundirj]g. To
specify the dynamic voltage behaviour in the system approach, the high frequency groynding
perfoimance and tépology is of interest.

The gfrounding_potentials Vg, to Vg, of the different sections in a real installation are shown
in Figure 5.\ They may be different as far as the grounding impedances are different and they
are expected to be high frequency based potentials (if earthing wiring is of poor performance),
although-they might be of the same value in respect to low frequency based grounding

— Single point grounding topology provides poor high frequency grounding performance.
The high frequency based grounding potentials Vgy to Vg, may contain additional
parasitic voltage fractions.

— Multi point or mesh type grounding topology provides excellent high frequency grounding
performance. The high frequency based grounding potentials Vg, to Vg4 will not contain
additional parasitic voltage fractions.

4.3 Two-port approach

For the description of the resulting voltage waveforms at the motor terminals the two-port
approach is of advantage.

There are basically two kinds of two-port elements which allow separating the system into two
superposing parts:
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— The amplifying elements in the differential mode model

— The adding elements in the common mode model

4.3.1

Amplifying element

Vin k Vout

O— ——0O

In Fig
canb

4.3.2

In cag

IEC 1286/10

Figure 6 — Amplifying two-port element

ure 6, an amplifying element is shown. In this case, the output voltage’of the tw
b calculated as follows:

y

O

w = kxXViy

Adding element

o R
N

-
Vadd

O O

IEC 1287/10

Vout

Figure 7-— Adding two-port element

e of adding elements according to Figure 7, the output voltage of the two-port G

calcullated as:

The 1
paran
behaV
cablin

elations per:element between output voltages V., and input voltages V;, in
eters of chapter 4 like peak voltages, rise times, will lead to an approach f

D port

(1)

an be

(2)

main
br the

iour of-the whole network of line section, converter input, converter output, outpuft

be co

ered as a horizontal item of the different grounding potentials.

filter,

g.,motor input. Grounding conditions may affect or distort the voltage relations ar||d will

4.4
4.4.1

Differential mode and common mode systems

General

In signal theory, it is a widely used procedure to separate an existing system into a common
mode and a differential mode system. In the differential mode system, all signals that occur
between the conductors are included. In the common mode system, all signals that occur in
all conductors identically and refer to ground are included.

In a PDS, this separation can be shown at the example of an inverter output section (see
Figure 8):
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Vq

Ided \

grou

The o

v 4@ 4@ 4@ VUDZQ 2(]} w2l vio

K K 1K

Vu

o

Vy o °

Ves SP

nd =

IEC

Figure 8 — Differential mode and common mode voltage system

1288/10

utput voltage of the inverter (Vy, Vy, V) can be divided.into the differential modg (also

known as symmetrical) voltage system (Vp, Vyp, Vyyp), and the common mode (also known

as as

The d

mmetrical) voltage system (V).

phasq, it can be calculated as the difference ofxthe inverter output voltage and the co

mode

voltage. This is e.g. for phase U:

A PD$ usually is a symmetrical system, which means that the amplitudes of all AC diffe

mode

voltages (e.g. mains voltage, inverter output voltage) are identical in all phases a

voltage vectors have a phase_shift of 120° towards each other (see Figure 9).

fferential mode voltage expresses voltages between the three output phases. Forf each

mmon

(3)

ential
nd the

Vd+
Vdc Vdc+D
NP
Vdc-D
V.
a) dc link b) rotating inverter
voltage output voltage

IEC 1289/10

Figure 9 — Voltages in the differential mode system

The DC differential mode voltage is referred to the neutral point of the DC link and the
voltages (Vyc+p » Vgc.p) Show an angle of 180°. Therefore, the amplitude of the DC differential

mode

voltage is always 50 % of the total DC link voltage from positive to negative rail.
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The common mode voltage expresses the voltage from an ideal star point of the three output
phases to the ideal ground potential. It can be calculated as follows:

(4)

For both differential mode and common mode system, an equivalent circuit diagram can be
generated, using the explained two-port elements.

4.4.2 Differential mode system

The djfferential mode block diagram is shown in Figure 10:

Line section Rectifier section Inverter section Filter section

Cabling section

The maximum phase to phase voltage at the motor input can then be calculated as:

L =T
] [l I

Vs Kpq Vs Kpy* kpy

~

|VS' Kp1 Kpz " Kps - D4|

4

VPP,Motor =V 'Hkui

i=1

Figure 10 — Block diagram of two-port elements to achieve
the motor terminal voltage in-the differential mode model

In the|following Figure 115%an example for a practical installation is given:

IEC [1290/10

(5)

{ " LndSection | lpputComerter I Iverter Section | i

|l Venom) gston :; (kpo) i

: | D1 |

! ! I i

: :1 T |
PRI Te

i N I B !

i _G)_ N _|: vd - A : A

i i \r{1§w II NHI: Vppo ¢! Filter Vppgl Cables \/>pp4l
i o |‘ i : Section (Skecii)on
i —( : e |; o | (kp3) D4

i } :: :

i IR & K iJ Iz !

! !Y ) i

! } 1 ,

! !i ‘ !

L L S

IEC 1291/10

Figure 11 — Equivalent circuit diagram for calculation of the differential mode voltage

In a step by step calculation, the voltages can be calculated as:
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Line Section: Vi

Input Converter Section: V,=k, -V
Inverter Section: I}m =ky, 'V,

Filter Section: Vips =kpy Vep,
Cabling Section: I}1’1!’4 =kp, 'I}PP3 = I}PP,Motor

4.4.3 Common mode system

For the common mode system, the block diagram is shown in Figure 12:

(6)

(7)

(8)

(9)

(10)

Ling section Rectifier section Inverter section Filter section Cabling section
(common
Vs Keo Vs Keq Vs kpq* ke, mode filter)
NP /
1 } bl | e N
_E | Vs (keo *+ Key) | | Vs * (Kco* Ket + KpiiKea) | | Vs - kes (Kot ket + Kpg - Kea) |

Ideallground Vs - Kegr Koyt (Keot Keq|+ Kpg Keyp)
IEC 1292/10

Figure 12 — Block diagram of two-port elements to achieve
the motor terminal voltage in the common mode model

In the|following Figure'\13 an example for a practical installation is shown:
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Sy Uy g g
Line Input Inverter
Section Converter Section
(Keo) Section (Keo)
(Ke1)

\ VPG Motor

Ideal Ground

i ,
| ’ : ‘
- ! i Filter i Cables |
% HH Section . i Section N
=i | Kea) e (Kca) b
T : : H :: ! [ :
! 1) ! P! 1 '
‘l | } L [ 1 : } '
r NI T i
i 1) ! | "
p1 ) 1! | H
! ya ! ' | : H
=l e by i
1 |
b AhS ALl
i e i
Veem=ke2'Vs [I_:‘ L.i._l EI_:‘
o 3 sP 3 |
Ve o Va2 o Vos I Vea
: :
! 1
H 1
f 1

v

— FC  1293/10
Figure 13 — Equivalent circuit diagram for calculation of the common mode voltgge
In a siep by step calculation the common mode voltages can be derived as:
Line $ection: Vo = kco Vs (11)
Input Converter Section: I}G1 = I}GO +ke -V (12)
= (kco B ka)' Vs
Inverter Section: I}GZ = I}Gl +key by Vg (13)
= (kco - ke - ke, 'km)' Vs
Filter [Section: I}m =k, ~I}m (14)

=k, '(kco LRl 'km)' Vs

In Figure 12, a common mode filter type is shown that is connected to the ground potential. In
some applications, common mode output filters are connected to the NP potential. In this
case, the filter is only affecting the common mode voltage of the output inverter. Equation 14
has then to be modified to the following term:

A

Vs =Ver thkes key kp -V

= (kco - ke - key ke 'km)'Vs

(15)
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Cabling Section: I}G4 =ke, -I}m (16)
The maximum phase to ground voltage on the motor terminals can be calculated as:

n 1 ~ n 1 4 2 4
VPG,Motor = \/5 VPP,Motur +Vey = \/5 Vs - I IkDi +V '(chz')' I IkCi (17)
i=1 i=0 i=3

The amplification factors kpq ... Kps, kg3 ... Kgg @nd common mode factors kg ... koo will be
explained and determined in the following sections, depending on the PDS section topology.

5 Ljne section

5.1 General

Influepce of the power supply systems is given in this section. The main different pdssible
power supply systems (TN, TT, and IT systems) are described im Annex A, incjuding
grounfding and influence.

For that Line section and the Input converter section of Clause 6,the TT power supply slystem
is not|separately considered, as it provides no different influence compared to the TN sygtem.

5.2 |TN-Type of power supply system
5.21 General

TN power supply systems have one point diréctly earthed, the exposed-conductive-parts of
the installation being connected to that point by protective conductors. Three types pf TN
systems are considered according to thelarrangement of neutral and protective condyctors,
as follows:

— TN-S system: in which throughout'the system, a separate protective conductor is used;

— TN-C-S system: in whichisneutral and protective functions are combined in a single
cdnductor in a part of the\system:;

— TN-C system: in whichrneutral and protective functions are combined in a single congluctor
throughout the system.
5.2.2 Star point:grounding and corner grounding

In gemeral onke arbitrary point might be earthed in the mentioned supply systems. Regulting
from this earthing point different common mode voltages occur. According to Figures 11 and
14 thg common mode voltage will reach values between minimum and maximum:

e where minimum is defined in case of star point grounding with kg = 0

e where maximum is defined in case of corner grounding as kg = Vg / SQR 3
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L1o L1o
L2O L2O
L3o L3 L
2 va
N 7 PE 7
A i .
PE vi
pieslesbat e nbade A N. -k -
" ! l ! |
[ R, [ -
- Exposed-conductive-parts Exposed-conductive-part

Earthjng of system

IEC 1016/01

Separalte neutral and protective conductors

throughout the system

5.3 |[IT-Type of power supply system

Earthing of system

Figure 14 — TN-S power supply system
left: kgg =0, right: kgg =1/ SQR 3

IEC 101401

Separate earthed phase cenductor and

protective conductors throughout the sysfem

In cage of IT-power supply system all conductors are insulated from the ground potential. This
leads| (see Figure 11) to an undefined value of &y4. In practical cases the pafasitic

impedances are more or less symmetrical which leads’to a value of kg = 0.

Deviations from this case may occur if one earth fault happens in such an installation. In such

cases|the value might reach

5.4 |Resulting amplification factors.in’the differential mode model of the line section

Table 1 — Amplification(factors in the differential mode model of the line section

TN-network

IT-network

Y

S SN

1

1

NOTE | Underworst case conditions the line voltage tolerance has to be included in the V_ value

5.5 |Resulting contribution of the line section in the common mode model

Table 2 — Factors in the common mode model of the line section

TN-network

IT-network

kCO

central grounding system
Potential related to
nominal supply voltage

0

1
V3

in case of star point grounding | not defined, at least limited to

in case of corner grounding

-



https://iecnorm.com/api/?name=25ac8eff1a6bc0c36c0457954e3f7c05

TS 61

800-8 © IEC:2010(E) - 23 -

6 Input converter section

6.1

Analysis of voltages origins

The low frequency grounding potential of the inverter output terminals is determined by the
DC link voltage (V) and the reference potential of the DC link voltage (V1) (see Figure 5.)

Grounding potential of the converter output terminals = Vg4 + V4/2

(18)

When the upper side switch of inverter is switched on, the grounding potential Vg4 + V,4/2

appea

rs at the output of the converter. And if the lower side switch of inverter is switched on,

the gr

6.1.1

The O

pounding potential Vg4 - V4/2 appears at the output of the inverter.

The DC link voltage of converter section (V)

C link voltage is mainly determined by the type of rectifier and by the\filtering eff

the impedance at supply line and/or DC line and the large DC capacitor-"The DC v

ripple

The D

— T)
— T)
— Li
— Lg

6.1.2

The r
poten
point
syste
also i

The fq
- G

is usually negligible.

C link voltage is affected by the following items;

pe of rectifier (single phase diode, three phase diode, active converter);
pe of inverter (single phase/three phase and with/without DC brake);
he side commutation impedance;
ad
The reference potential of NP of the DC link voltage
eference potential Vg4 of the DC link“voltage is usually very close to the groy
ial, if a TN or IT line side (see .Clause 5) grounding system is applied or the n
of the DC capacitor is groundedi\by some means. Even if a non-grounded (IT) 5

is applied, the average valug_of V54 may remain close to grounding potential. B
fluenced by the groundingiimpedance of output filter, cable and motor.

llowing items may affect’the reference potential Vg, of the DC link voltage:

ounding system ©f\line section;

— Afrangement of input filter and DC reactor;

- G
- G
- G

ounding system of converter;
ounding-impedance of output filter and cable;
ounding impedance of motor;

ect of
bltage

nding
eutral
upply
it it is

— S\

/ifr‘hing condition of converter

6.2

6.2.1
6.2.1.

Indirect converter of the voltage source type, with single phase diode rectifier as

line side converter
Voltage source inverter (VSI) with single phase diode rectifier

1 General

The single phase diode rectifier systems are categorised in the following three supply cases,

when

line side grounding system is taken into consideration.

Figure 15, Figure 16 and Figure 17 show the configuration of voltage source inverters
supplied by L and N for a TN or TT system, supplied by L1 and L2 for TN or TT system and

suppli

ed by L1 and L2 for IT system, respectively.
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Generator or DC Beactor Vg
Transformer Y
W W, — ¥ G0
.‘J __(YYL_‘T____ a,v,fd
' ;J"u’s Vreo e MP
N - \— QQ-—"""r‘c;u
i
! !
I_ 1 vV 1 vd'
G L
1 . 1 LY I_.:’f"d'*
I_‘l VG" ; l\'\ {.x"lll31 VGI]
i Wil N e
= Rectifier :
IEC 1294/10

Generptor or DC Reactor
Transformer

" L vd+
J Yy 4
( ] v|31
I‘ ' 0 -—T=
YL v Ve
HE
=1 G1 =
Rectifier i a)Vy=0

Higure 15 — Typical configuration of a voltage sourceinverter with single phas
diode rectifier supplied by L and N from a TN-or TT supply system

1]

IEC 1295/10

Higure 16 — Typical configuration of a voltage source inverter with single phasle

The average values of Vg V4, and V4 are usually Vgo Vgg +Vy/2 and Vgg —Vy/2
respectively as shown in Figure 16. But in this case, DC link potential Vg4 is generally
affected by the switching condition of inverter and the grounding condition of the converter,

the output filter and the motor.
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nerator or DC Reactor

N
fa
|
g

VREC

Vd+
s Y,
Lnsymmetrical DC Reactor

v Y _3——\;,5.,

T IEC

C
C

v
l L] Rectifier

Symmetrical DC- Reac

diode rectifier supplied by L1 and L2 from a TN or TT supply system

igure 17 — Typical configuration of a voltage source inverter withosingle phase

or

1296/10

V4+ aphd V. differ by the arrangement of DC link reactor. DC lipk reactor is usually ingtalled
only gt positive side. In this case V, V4, and V4_ are not constant but fluctuate as shqwn in
Fig. 17. If DC link reactors are installed symmetrically in both’ side of DC link, V4, and V4.
become constant as shown.

6.2.1.p The DC link voltage

For a|l of three cases, the DC link voltage of single phase diode rectifier is calculated as
followp, if the commutation impedance is neglected under no load condition.

As sh
at the
voltag
voltag

Sometimes a bleeder resistance (BR) might be used to reduce the peak DC voltage.

Vv, = V2 XV Xsinat x dat =V, x

=09xV;

242
T

1
7

O‘;.ﬁ

bwn in Fig.18, the peak’DC voltage of single phase diode rectifier is theoretically
no load condition of the converter without considering supply voltage variation. If
e variation and D€\braking operation are taken into consideration, the maximu
e will be higher. The set point of the trigger point of the chopper is influencing that

(19)

57 %

upply
m DC
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Nz,

0

-
>

Load(%)

IEC 1297/10

Figurp 18 — Typical DC voltage V4 of single phase digde rectifier without breaking mode.

6.2.1.p

The grounding potential Vg

BR is the bleeder resistor to discharge the capacitor

The typical voltage values, including the grounding potential VG, are shown in Figyre 16
considlering the three supply configurations(see 6.2.1).

Tablp 3 — Maximum values for the-potentials of single phase supplied converters at no
load conditions (without DC braking mode)

Single phase diode
input converter
according to Figure
15~supplied by L
and-N from a TN or
TT supply system

Single phase diode
input converter
according to Figure
16 supplied by L1
and L2 from an IT
supply system

Single phase diode
input converter
according to Figure
17 supplied by L1
and L2 from a TN or
TT supply system
with unsymmetrical

Single ghase diode
input converter
according to Figure 17
supplied py L1 and L2
from a TNjor TT supply
systpm with
symmetrical DC

DC reactor reactor
Vae IV J2 Vgo ! Vg +42 V2 B /2
Ver /s Vgo ! Vg—+ 2 12 | Vgo/Vg—+ 2 /2 =2 12 Vdo / Vs
Vg 'V -2 Vgo! Vs = 2 -2 V2 12
(Vs - Vy) I Vg JZ 42 7 7

6.3

line side converter
6.3.1
6.3.1.1 General

Voltage source inverter (VSI) with three phase diode rectifier

Figure 19 shows the typical configuration of a voltage source inverter.

Indirect converter of the voltage source type, with three phase diode rectifier as
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OC Reactor
g
_ Inverter
M otor
le Z|S $_E‘I"I-‘
Rectifier
IEC 1298/10

with three phase diode rectifier

The three phase diode rectifier systems are categorised in two cases, when line
grounfding system (TN or TT System) or IT system is taking into consideration.

Gengrator or DT Reactor
Trangfarmer L1 L2343
vu-‘- %
g T
/ _fm—\"'__ \""REC
DL 12 -{ NP
H T |
RO I o e W :! — —‘
= - __“,,"f Z; 45" !
1 = JAaArnl ; Wi
% | L
- Yeo Rectifier : i v
-1 G1
. : L J
. 1
]
1

——
—_

by a TN or TT supply system

Vg1, Mg+ andVy_ differ by the arrangement of DC link reactor. DC link reactor is u
installed,anly at positive side. In this case Vg4, V4, and V,_are not constant but fluctu
rrin Fig. 20. If DC link reactors are installed symmetrically in both side of DC link

show

Figure 19 — Typical configuration of a voltage source inverter

W
VGI]

Lnsymmetrical DC R4

VREC

VGI]

Figure 20.— Voltage source with three phase diode rectifier supplied

side

y

W
ATA A

el ™~ A —

d

d-

VGI]

actar

VGI]

Symmetrical DC R

1H

eactor

C 1299/10

sually
hte as

Va1,

L 1 + 4 1
Vd+ ara Vd_ UCCLCUITIT CUTISIATTl a5 STIUWTI.


https://iecnorm.com/api/?name=25ac8eff1a6bc0c36c0457954e3f7c05

Transformer

- 28—

DC Reactor

VR EC

TS 61800-8 © IEC:2010(E)

;
-
.

i 5T EET T ———

The &
respe
affect
filter 3

In cag
with i

Genera
Transfol

Rectifier

a)V, =0 B) Vg, =V, /2

Bl
i
T

Figure 21 — Voltage source with three phase diode rectifier supplied
by an IT supply system

verage values of Vg4, Vg4, and V4. are usually Vgo, (Vgg +V4/2) and (Vgg
Ctively as shown in Figure 21. But in this case, DC.dink potential Vg4 is ger
bd by the switching condition of inverter and the grounding condition of converter,
nd motor. Without DC-reactor the Figure 21 remains the same.

e of active switches in parallel to the rectifierdiodes which are switched synchr
he frequency, the behaviour remains the same:

c] VG1 T

V2

IEC 1300/10

1vy2)

erally
butput

pnous

ar ar DC Reactor
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VGI]

—: Rectifier L1 L2

W+ /

+

VGI]

7ANY
L _ N Y

51
Wy,

! Unsymmetrical

OC Reactor

J

\"'IIREC
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=

VG1

Symmetrical DC Reactor

6.3.1.

Figure 22 — Voltage source with three phase diode rectifier supplied
from a delta grounded supply system

2 The DC link voltage

IEC 1301/10

In both cases, the DC link voltage of three phase diode rectifier is calculated as follows, if the
commutation impedance is neglected;
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ml2+m/6
1 J\/E-VS-sina)t-da)tzﬂlfs-sin(ﬁ/6)=l,35-VS

w/2-7/6 7

(20)

The peak DC voltage of three phase diode rectifier is 105 % at no load condition without
considering supply voltage change. Figure 23 shows typical relation of the DC link voltage
versus load of the three phase diode rectifier without braking mode. If supply voltage change
and DC braking operation are taken into consideration, the maximum DC voltage could be
higher.

100 (%)

-
L

Load(%)

IEC 1302/10

100

Figure 23 — Typical relation of the DC link voltage versus load
of the three phase diode rectifier without braking mode

6.3.1.p The grounding potential

The typical voltage values for-the input rectifier section model, including grounding potgential,
are shown in Table 4.

Tlable 4 — Maximum values for the potentials of three phase supplied converters
at no load conditions (without DC braking mode)

Three phase diode input Three phase diode rectifier Three phase diode
rectifier according to according to Figure 21 rectifier according tp
Figure 20 supplied from supplied by L1, L2 and L3 Figure 22 supplied from a
a TN or TT supply from an IT supply system delta grounded supply
system with system
symmetrical dc reactor
Var I Vs V2 * 12 Vgo! Vg + V2 V2
Var /'Vs Vgo ! Vs Vgo ! Vg +— 2 12 =2 12
Vo. I'Vs -J2 12 Vgo ! Vg =42 - V2
(Vs = Vy) ! Vg V2 V2 V2
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Indirect converter of the voltage source type, with three phase active line side

converter

Voltage source inverter (VSI) with three phase active infeed converter

6.4.1.1 General

AC Reactor

NANE

ln'[n'rA\ ES \ \ :: ﬁ‘\\
Inverter

Yy Motop
Yy A

NENENE T

Rectifier

IEC 1303/1

Figure 24 — Typical configuration of a VS| with three phase active infeed conver

The {
groun

Generatar or
Transformer

hree phase active infeed converters are categorised in two cases, when ling
ding system (TN or TT System) or IT systemis taking into consideration.

AC Reactar
vd+

R

ter

side
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—— Vd- Wil

*}j‘}\*}

Rectifier
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I
— e
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=
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a) Vg = Vg b) Vi, = Vi 2+ V) ©) Vo, = Y/ 6+ Vg,

lJ

d) Vg, = W/ 6+ Vg e) Vi =

1

N2+ Wy,

IEC 1304/10

Figure 25 — Voltage source with three phase active infeed supplied
by a TN or TT supply system

The average value of reference potential of DC link voltage (Vg4) for active infeed converters
becomes almost equal to the earth potential. As V is larger than in case of a three phase
diode rectifier, the grounding potentials, V4, and V4. will become higher than three phase
diode rectifier (e.g. 10 % to 15 % from the peak value and 20 % to 25 % from the rated
value). Assume that V54 = 0 leads to the following approximation.

Vg4+=(0.74 ~0.77) " Vg =(0.82 ~ 0.85) " Vg

V4.=-(0.74 ~ 0.77) " Vg = - (0.82 ~ 0.85) " Vgy

(21)

(22)
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The instantaneous value of grounding potentials are affected by the switching mode of active
line side converter. In Figure 25 the average grounding potential is shown in different cases

which

Generator or
Transformer

are related to the switching mode of active line side converter.

R

AC Reactor

L1

i
[]

L3

The g
also 4
value
mode

6.4.1

NENF NF
lJ.

Rectifier a) V=0 b))V, =V,/2 o) ¥y = Vietd) Wy, = V6 e

PR B p—
L2 Y ¥ v, Vo1 { Vor_ Y2 KT SV

_I_

Figure 26 — Voltage source with three phase active infeed supplied
by a IT supply system

rounding potentials for IT system become basically same as shown in Fig. 26. Thg
ffected by the grounding system of converter;output filter and motor. The instanta
of grounding potentials vary as shown iniEigure 26 in accordance with the swi
of converter and inverter.

R The DC link voltage

In general the DC link voltage of active line side converter is designed to be at least §

10 %
rectifi

Vy is
than t

NOTE
dynami

higher than the peak phase t0 phase voltage to avoid the diode rectifier work
Cation mode.

Vg = (1.0541.1) " V2" Vg = (1.48 ~ 1.56) " Vg = (1.63 ~ 1.71) " Vgy

always controlled to the rated value in this case, but the value is 20 % to 25 %
he rated V by three phase diode rectifier (10 % to 15 % higher than the peak valu

Due to_the controlled mode this value is nearly independent from the load. In special cases (e.
c applications) the DC link voltage could be significantly higher.

6.5

V= V2

IEC 1305/10

by are
neous
tching

% to
ng in
(23)

higher
).

g. high

Re€ulting i ion vol ¢ ial

The interesting values of the voltages Vg4, V4 and Vg, V4. of each rectifier type at rated
conditions are summarized together in table 5. In case of three phase active infeed
Converter according to 6.4, the resulting values could be higher than the given typical values
depending on the control of the individual application.

Input
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Table 5 — Typical range of values for the reference potentials of the DC link voltage, the
DC-link voltages themselves and the grounding potentials in relation to supply voltage
as “per unit value” for different kinds of input converters sections

Single phase diode
input converter
according to 6.2

Three phase diode
input converter
according to 6.3

Three phase active
infeed input converter
according to 6.4 (typical
values depending on

Three phase diode
rectifier according to
Figure 22 supplied
from a delta grounded

control) supply system
Vgq ! Vg -0,45...+0,45 -0,675...+0,675 -0,74(-0,78)... -0,675...+0,675
+0,74(+0,78)
Vd/Vo 09 135 148 156 135
1,6° 1,6°
V. Vg
Vg, Vg -0,9... + 0,9 -1,35....1,35 -1,48(-1,56) ... -1,35....1,35
+1,48(+1,56)
2 in dase of dynamic braking with resistor and chopper
6.6 |Grounding
Grounding of the PDS, as a whole system, might be made in different ways.
The Iqcation of the grounding will be chosen ageéording to the nature of the system:
e ndutral of a common transformer if any;
e middle point of a common DC. link;
e the star point of any frequency converter output filter or
e the star point of the motor,
The grounding impedance may be resistive, capacitive or a direct connection. It generally
should be connected to-a;protective grounding conductor.
The grounding impedances and therefore the potentials are strongly affected by these
groungding systems.
The instantaneous values are also affected by the configuration of PDS and switching mpde
of reclifier,and inverter.
6.7 Multipulse application

In case of multipulse applications the conditions are quite comparable to the IT power supply
system supplied applications described above.

6.8

Resulting amplification factors in the differential mode model of the rectifier

section

The amplification factors in differential mode model of rectifier section are shown in Table 6.
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Table 6 — Amplification factors in the differential mode model of the rectifier section

Single phase diode Three phase diode Three phase active infeed
input converter input converter input converter according to
according to 6.2 according to 6.3 6.4 (typical values depending

on control)
Kps 0,9 1,35 1,48 ... 1,56
1,6

o

for dynamic braking with resistor and chopper (typical value)

*NOTE| The amplification factor according to Figure 20 depends on the load condition of the rectifier. In
no-loaq condition this value may reach SQR 2. As a practical value 1,35 is estimated. See also figures ;20 ar

6.9 |Resulting amplification factors in the common mode model of therectifier sgction

The amplification factors in common mode model of rectifier section is shown in Table 7.

Table 7 — Amplification factors in the common mode modelof-the rectifier sectipn

Single phase Diode
Input Converter
according to 6.2

Three phase

Diode Input Converter

Three phase active infeed
Input Converter according {o
6.4 (typical values depending

tase of
d15

C1

according to 6.3 on control)
0® 0°
0,45°
b —-0,74(-0,78)
k + 0,675

+0,74(+0,78)

with symmetrical DC reactets or without DC reactors

with unsymmetrical DC\reactors

7 Output converter section (inverter section)

7.1 General

N-Levellinverters have different possibilities of switching strategies, as e.g. applying only
singlwmwwumwwnmmmode

voltage. This might be discussed between system integrator, converter and motor supplier.

This document describes in general the worst-case.

7.2 Input value for the inverter section

The input value for the inverter section is the averaged DC link voltage V4. V4 is determined

by the input converter section (see Clause 6).

7.3 Description of different inverter topologies

This section describes the most commonly used topologies of inverters with a DC link
capacitor bank (or several capacitor banks), i.e. voltage source inverters. The number of
levels N is equal to the number of possible voltages of the output phase to NP-Potential.
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7.31 Two level inverter
Vi
/3 / 3
- ke - U
Vd NP e y
/ ) w
Vi
¥ IEC 1306/10
Figure 27 — Topology of a N = 2 level voltage source inverter
Each putput phase u, v, w can be switched either to V4, or V,.. NP%is the point with potential
just in the middle of V4, and V..
In cases where the capacitor in Figure 27 is realized,as)a series connection of an| even
number of equal capacitors, NP is a physically accessibl& point.
7.3.2 Three level inverter
Vd+
— & x
Vd
W
. . . W
MNP
n mam .3 x
V.

IEC 1307/10

Figure 28 — Topology of a N=3 level voltage source inverter (neutral point clamped)

Each output phase can be switched either to V4., NP or V.. NP is a physically accessible
point. The voltages of the upper and lower DC link half (i.e. from V4, to NP respectively NP to
V4.) are assumed to be equal. This is typically achieved by the input section and DC link
design and by means of control of the two voltages V4, and V..
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7.3.3 N-level inverter
7.3.3.1 General

Two different approaches are used to achieve multi level voltage source inverters. Two
examples are shown below. The differences regarding the output section are small. Both
approaches can be extended to several levels by adding more stages.

Figures 29 and 30 show the simplest way of the idea of the N-Level inverter, which is a three
level inverter. In practice three level inverters are typically built as described in Figure 28,
where the N-level inverter topologies are used to achieve more levels.

7.3.3.2 N-level inverter with one DC link voltage and floating symmetrical DC {link

capacitors
Vo
§
vt $ NP | | !

1 /3

/3
Vo

IEC 1308/10

Figure 29 — Topology of a N = 3 level voltage source inverter
(floating symmetrical capacitor)

Figure 29 shows the simplest topology with floating symmetrical capacitors. Each phage has
in its putput section @ floating capacitor. It is assumed that the averaged voltage of a flpating
capaditor is such, that the levels have all the same size, which typically is achieved by means
of control.

The numberof voltage levels can be extended by adding more floating capacitor stages per
phasd. NP is dedicated as in case of the N = 2 level topology. Other topologies might be

Table 8 — Number of levels in case of floating symmetrical capacitor multi level

number of capacitors number of voltage levels
stages per phase of at the output
topology according to
Figure 29

1 3

2 4

3 5

m m+ 2
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7.3.3.3 N-level inverter with m numbers of DC link voltages

Figure 30 shows the simplest topology with multi DC link. There are three DC links, each
connected with two two-level inverter legs. NP is a physically accessible point connecting the
output of one inverter leg of each DC link.

+U

(W]

Wil =T

+i
"
Wb B
'
bl
W
WdW I
MNP

IEC 1309/10

Figure 30 — Topology of a three level voltage source inverter (multi DC link),
Ngemuit = 1- The voltages V, are of the same value

The number of voltage levels per inverter or at the output phase can be extended by adding
more DC links per output phase and/or by changing the two level inverter legs into three level
inverter legs. In this case each DC link would have middle points, but NP still is dedicated for
the connecting point.
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Table 9 — Number of levels in case of multi DC link inverter

Nyemuit — NumMber of DC number of voltage levels number of voltage levels
links per phase of the per inverter leg at the output
topology according to
Figure 30
1 2 3
1 3 5
2 2 5
2 3 9
3 D) v
3 3 13
Ndcmult 2 2 X Ngemue + 1
Ngcmult 3 4 XNyt B0
NP
] +v1 L +w
=1 W1
] +y2 L +iw2
=2 =Wz

In case the boxes are two level inverters the figure corresponds to line 3 of Table 9. In case the boxes are

three level inverters the figure corresponds to line 4 of Table 9.

Figure 31 — Topology of an N-level voltage source inverter (multi DC link), ngemuit = 2

7.4
7.4.1

This section assumes idealized rectangular output waveform, i.e. ideal switches. For real

Output voltage waveform depending on the topology

General

switching conditions see 7.5 and 7.6.
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The peak values of the output voltages are in general independent of the inverter topology.
The exception is the multi DC link inverter.

Table 10 — Peak values of the output voltage waveform

Two I.evel Three .Ievel levels and floating levels and multi DC
according to | according to . R .
symmetrical capacitor link topology
Subclause Subclause . .
7.3.1 7.3.2 according to according to

Multi level with n

Multi level with

n

Subclause 7.3.3.2 Subclause 7.3.3.3

demult

% 1 1 1 2 Nyemult
PA% 1/2 1/2 1/2 N demult
d
PSP, 2/3 2/3 2/3 4/3 *n
Vy

VGZ —Va 1/2 1/2 1/2 Ngemuilt
V,

For tgpologies with more than two levels switching states are partly redundant. A common
appropch to reduce I}Gz —I}Gl is to take in case of-redundant states always the switching state

with the lowest I}Gz —I}Gl. For the most common topologies, I}Gz —I}Gl might be further refduced
with this approach to 1/3 (three level) respectively 1/4 (five level).

7.5 |Rise time of the output voltages

The fise times and overshooets’ for the voltages Vpp and Vpyp are determined Qy the
behaViour of the switching device together with the snubber circuit of the switching devige.

The rise times and overshoots for Vpgp and Vg,-Vg4 is determined by the behaviour pf the
switching device todgether with the snubber circuit of the switching device and the groynding
circuif of the PDS;

Different switching devices with various numbers of snubber circuits are used for different
applidations;* Typically the rise time is so small, that it can be considered as zero for thg input
of the| output filter. The design of the filter determines the rise time seen by the cables (see
Sectio TE aitg v tSE "'v;"" ';'6"'i'i';'i"'i"'i'
Vpp and Vpyp. Typically the rise time of Vg,-Vg¢ is higher, thus the step of Vpgp is a
superposition of a faster (step of Vpyp) and a slower (step of V5,-Vg1) step.

Determination of the dv/dt can be done with the voltage step size from Subclause 7.6.2 and
the rise time regarding Vpp and Vppp.

In case the rise time of Vg5,-Vg4 is big compared with the rise time of the switching device,
the dv/dt of Vpgp tends to the value for Vpyp, if the switching occurs in the considered phase.
If the switching occurs in one of the two other phases it tends to zero.

The ranges of the expected dv/dt is mainly dependant on the semiconductor technology (as
e.g. FET, IGBT, Thyristor, GTO, IGCT, IEGT, GCT) and the range of the output voltage and
power or the application. Table 11 gives a typical range of the state of the art technologies.
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Table 11 — Typical ranges of expected dv/dt at the semiconductor terminals

Low voltage application five to several tens of kV per us
Medium voltage application One to ten kV per us
7.6 Compatibility values for the dv/dt

7.6.1

The dperating principle of the inverter is in general to chop the DC link constant(voltage V4

into
volta
and a

For d
the vq
divide

7.6.2

A sing
voltag

The v
of thdg

PWM (pulse width modulated) voltage impulse in order to synthesize .the tra
es versus time areas. With this sinusoidal approach a variable fundamental freq
plitude can be achieved at the terminals of a motor.

termination of the expected dv/dt this value could be constructeddrom the knowle
ltage step height of the dedicated voltage pulse during a switching of semicond
d by the expected rise (fall) times.

Voltage steps

le voltage step during transition of a switching phasSe means the lowest possible
e step height:

Table 12 — Example for a single voltage step in a three level topology

State before State after switching
switching
Phase U NP NP
Phase V NP NP
Phase W +W NP

bltage step height for a single step is given in table 13, where N is the number of
topology. The-values for the two and three level inverters can be derived fro

formuja of the muititlevel with floating symmetrical capacitor inverter.

The |
corres
of lev

alues<for the multi DC link inverter is independent of the number of levels |
ponds to the values of the two respective three level inverter, depending on the n
bls‘of the individual inverter legs.

nsient
uency

ige of
Lictors

butput

levels
m the

N and
imber

The voltage step height is almost linear to the DC link voltage which has in practice a certain
ripple (due to the ripple the step height might be increased or decreased depending on the
moment of switching). Moreover there are special operation points limited in time (e.g.
network over voltage or regenerative braking mode), which might further increase the DC link
voltage.
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Table 13 — Expected voltage step heights for single switching steps

of an n level inverter

Two level Three level Multi level with N Multi level with N
according according levels and floating levels and multi DC
to to symmetrical link topology
Subclause Subclause capacitor according according to
7.3.1 7.3.2 to Subclause 7.3.3.2 Subclause 7.3.3.3
1 1 1
Vstep_PP / Vd 1 5 N-1 E up to 1
+ 1 1
Vstep_3NP / Vd 1 5 N 1 E up to™
. step_PSP / Vd il:] cas_e th,e % l _1 z l up to %
inhergnt phase is switching 3 3 N-13 3 3
Vs‘_ep_asP I'Vy in.case‘ an l l 1 l l up to l
adjac¢nt phase is switching 3 6 N-13 6 3
v v VIV 1 1 1 1
tepG2™Vstep_c1) /! Vd = - —$ — upto —
e R 3 6 N-173 6 3
7.6.3 Multistep approach

A mulli step means a step, where the step size is higher.

Table 14 — Example for multi steps in a three level topology

Example
State before State after switching
switching
Phase U NP NP
Phase V NP +V
Phase W +W NP

The vpltage step’size in case of a multi step is a multiple of the voltage step size in case of a

single

step. The biggest possible voltage step is shown in Table 15.

Table 15 — Biggest possible voltage step size for multi steps

Two level Three level Multi level with N Multi level with N
according according levels and floating levels and multi DC
to to symmetrical link topology
Subclause Subclause capacitor according according to
7.3.1 7.3.2 to Subclause 7.3.3.2 Subclause 7.3.3.3
Vstep_pp ! Va 2 2 2 47 Nyemutt
Vstep_PNP / Vd 1 1 1 2" I’]dcmult
\Y [V in case the
tep_PSP ' Vd *
inherent phase is switching al3 al3 4l3 8/3 " Ngomurt
Vstep_PSP 'V in_case an
adjacent phase is 2/3 2/3 2/3 413 Nyemut
switching
(Vstep_GZ'Vstep_G1) / Vd 1 1 1 2" Ndemult
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NOTE 1 The values of Table 15 corresponds basically to the doubled values of Table 10
NOTE 2 By measures of control the biggest possible voltage step may be limited to smaller values, even limitation

to single steps are possible. Depending on the snubber circuit of the semiconductors such limiting control
measures are in certain inverters mandatory.

7.7 Repetition rate

The repetition rate (in the sense of a frequency) of voltage steps of the inverter can be
approximated by the pulse frequency fp independent of the topology:

Table 16 — Repetition rate of the different voltages
depending on the pulse frequency

Vop 2% 1,
\
VPSP in case
the inherent

phase is
switching

PNP

Vpsp in case
an adjacent

phase is 271
switching
Va2 Var 3 fp

The pulse frequency fp is approximated by the switching frequency fg, independent ¢n the
topolqgy:

Table 17 — Relation between fp and fgyy

Two level Three level Multi level with N Multi level with N
. . levels and floating levels and multi DC
according according R ;
symmetrical link topology

to clause to clause . . .

7.3.1 7.3.2 capacitor according according to clause

- e to clause 7.3.3.2 7.3.3.3
folfow 1 2 N -1 N -1

The gwitching frequency is only an internal value of the inverter. From the output onlly the
pulselfrequency.can'be seen.

7.8 |Grounding

Depending on the grounding system all characteristic values for the phase to ground vpltage
at thetmmmmVWﬂWJItage

Vgo-Vgq is determined by the inverter, whereas the partition to Vg4 and Vg, is determined by
the grounding system.
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7.9 Resulting amplification effect in the differential mode model of the inverter
section
Table 18 — Resulting amplification factors in the differential mode model
Multi level with N
levels and Multi level with N
Two level Three level floating levels and multi
according to | according to symmetrical DC link topology
Clause 7.3.1 Clause 7.3.2 capacitor according to
according to Clause 7.3.3.3
Clause 7.3.3.2
V *
kD2 =" Vd 1 1 1 2 I’]dcmult
Table[18 shows the resulting differential mode amplification factor kp, of-the inverter sgction
as desgcribed in Clause 4. This factor is needed for the final calculation of\the models.
7.10 |Resulting additive effect in the common mode model of the“inverter section
Tablp 19 — Resulting additive effect (amplification factors).in the common mode njodel
Mutlti level with N
levels and Multi level with|N
Two level Three level floating levels and multi
according to | according to symmetrical DC link topolody
Clause 7.3.1 Clause 7,32 capacitor according to
according to Clause 7.3.3.3
Clause 7.3.3.2
kb, =V, -V,
2= 762 % £1/2 +£1/2 £1/2 + N yemult
Table[ 19 shows the resulting :common mode additive effect kg, of the inverter section as
described in section 4. This.factor is needed for the final calculation of the models.
7.11 |Resulting relevant dynamic parameters of pulsed common mode and differential

mode voltages

Table20 — Resulting dynamic parameters of pulsed common mode

and differential mode voltages

Low voltage application

Medium voltage
application

tr2

50 ns ... 200 ns

100 ns ... 1 us

fo ! 1,

5 ... 300

N-1..50

Table 20 shows the resulting dynamic parameters of the inverter section. This factor is
needed for the final calculation of the models, especially as input for the cable section.

8 Filter section

8.1

General purpose of filtering

In contrast to the PDS subsystems described in the Clauses 5, 6, 7, 8 and 9, output filters of
the inverter are not a mandatory but an optional subsystem of the PDS. Filters at the inverter
output can be used to improve the overall system performance of the PDS.
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Filters may affect the control, thermal stress and current stress of the inverter. It must be
assured that the converter is designed for the operation with a filter. The compatibility of
filters with the converter should be clarified with the converter manufacturer.

8.2 Differential mode and common mode voltage system

In the differential mode voltage system, the fundamental frequency f; of the inverter output is
in the region of the rotating frequency of the motor. This fundamental frequency is the desired
part of the output voltage. However, the differential mode spectrum will contain amplitudes in
the range of the pulse frequency and its harmonics, higher harmonics usually showing lower
amplitudes. The harmonics or at least a part of them are the scope of differential mode
filtering

In thet common mode spectrum, the fundamental frequency f; could be zero. Depgnding on
the modulation scheme, some amplitude at f; and its harmonics might be observed ag well.
This Ipw frequency common mode voltage is not critical for the application. Thetside bands of
the pulse frequency fID and its harmonics will be visible in the common mode-voltage as well;
these|amplitudes are the scope of common mode filtering.

In the|frequency range between the harmonics of the fundamental fréquency f, and the|pulse
frequgncy f, as well as between the different harmonics of he" pulse frequency f}, the
amplifjudes will be small in both common mode and differentialimode systems.

In differential mode and common voltage system, the following specific main issugs are
known which can be improved by filters:

a)| Differential mode:
— Insulation stress of the individual turns*of a motor winding
— Acoustic noise in the motor

— Motor losses due to harmopic currents that do not contribute to the ¢gnergy
conversion

— Increased allowed motor“cable length
— Bearing currents

— Thermal overheating of the inverter due to large differential mode currents ip long
motor cables

b)| Common mode:

— Insulation stress of the motor winding to the motor housing on ground potentia
— Bearing currents
- EM

<, Thermal overheating of the inverter due to large common mode currents in long
mator cables

8.3 Filter topologies
8.3.1 General

All commonly used inverter output filter types are low pass filters. The basic topology of a low
pass filter is a combination of an inductor and a capacitor as shown in Figure 32:
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Figure 32 — Basic filter topology

The basic characteristic of a filter is its resonance frequency f, which is calculated as follows:

The K
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Jo = 27[\/ﬁ

asic target of the filter is to suppress all amplitudes in the speetrum of V;
ncies above the resonance frequency f;. Amplitudes in the region of the reso
ncy will be amplified, therefore it is important to choose the“fesonance freq
lly to make sure that V;, does not contain remarkable amiplitudes in that freq

ter topologies described can generally be designed either for the common mode

(24)
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uency
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ntial mode voltage system. The overall filter design will consist of the combinatjon of

ntial mode and common mode filter.

bntial mode filters are connected betweencthe output phases of the inverter. In a
application, the filter inductor of a differential mode filter must be a differential
or a single phase choke and cannot be'realized as a current compensated choke.
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8.3.2

The t

ComrIon mode filters are connected fram”each output phase to ground. In order to mak

operation, the connection to ground shall have as low a resistance and inductar
le. The higher the filtered frequencies are, the more important the inductance become
or of common mode filters(s often realized as a current compensated choke.

three
mode

B sure
ce as
5. The

ne applications, common mode filters are connected to the DC link terminals instead of

. These filters aretable to suppress the common mode voltage of the inverter as
ver, in this case-the common mode voltage of the infeed converter of the PDS will
of

Sinelwave filter

nrget_of a sine wave filter is to suppress all amplitudes in the spectrum of V,,

frequgncy’range of the switching frequency and above. Using a sine wave filter, V_ ; sh

well.
not be

n the

ows a

nearly sinusoidal waveform and contains mainly the fundamental frequency of V,,. The
resonance frequency of the sine wave filter will be chosen between the fundamental
frequency and the pulse frequency:

fi<tfo <,

(25)

The selection of the filter resonant frequency is a compromise between the following
considerations:

a) If the resonance frequency is too low, the sine wave filter might be excited by the
harmonics of the fundamental frequency.

b) If the resonance frequency is too high, the suppression of the amplitudes with pulse
frequency might be insufficient.
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With a sine wave filter, all negative aspects described above can be improved significantly.
Especially the motor losses and the acoustic motor noise can only be improved by a sine
wave filter. However, as the cost of a sine wave filter is relatively high, sine wave filters are
mainly used in the differential mode voltage system only (see Figure 33).

K3 k% k3

&

NP |4

~
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Figure 33 — Topology of a differential mode sine wave filter
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The tgpology of a common mode sine wave filter is shown inkFigure 34:
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Figure 34 — Topology of a common mode sine wave filter

Due tp the.relatively low resonance frequency of the sine wave filter, the filter inductor cpuses
a voltage-drop at the fundamental frequency f,. In general applications, up to 6 % of the |motor
voltage can be observed at the filter inductor. As a consequence, the motor voltage is
reduced, resulting in reduced mechanical power at the rotor of the motor.

8.3.3  dV/dt filter

The basic topology of a dV/dt is the same as the topology of the sine wave. The difference
between these two filter types is created by the choice of their resonance frequency f;. The
task of a dV/dt filter is to increase the rise time of the inverter output voltage. In order to
guarantee a minimum rise time t. .;,, the resonance frequency has to be chosen according to:

1

fo < (8)

2t

rmin
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If a dV/dt filter is realized by a simple LC combination according to Figure 32, a voltage
overshoot by a factor of up to 2 will be observed in the output voltage, as the resonance
frequency of the dV/dt filter usually is clearly above the pulse frequency f, of the inverter. In
order to avoid this, additional damping elements can be used. A further possibility to limit the
voltage overshoot is to clamp the filter output voltage to the DC link. However, damping
elements will still be required in that solution. Depending on the amount of damping a certain
voltage overshoot will remain in the output voltage.

dV/dt filters are used for both common mode and differential mode voltage systems. They can
also be used in combination with a sine wave filter, e.g. a sine wave filter for the differential
mode and a dV/dt filter for the common mode voltage.

By ingreasing the rise time, dV/dt filters lead to reduced voltage stress of the motor, \Bearing
currents can be reduced by dV/dt filters as well.

8.3.4 High frequency EMI filters

High frequency EMI filters (see Figure 35) are only used as common _mode filters to reduce
the EMI noise level of conducted and radiated emissions. The target frequency range is$ from
150 kHz to 100 MHz. HF EMI filters are very often used at the input terminals of a PDS [to the
line s¢ction, and in some applications, they are used at the inverter output as well.

K3 K3 K3
u =()

o

NP &

L]

LERCERCE

Z;

Idea)

grourjd '

IEC 1314/10

Figure 35 — EMI filter topology

Espegially_ for HF common mode filters, it is extremely important to minimize the groynding
impedance Zg for proper operation.

8.3.5 Output choke

Output chokes (see Figure 36) can be placed at the inverter output as three phase chokes. As
this topology does not contain a filter capacitor, it is not a real filter topology in itself. In
combination with the parasitic capacitances of the motor cables and the motor windings,
output chokes are operating as a small dV/dt filter, reducing dV/dt at the motor terminals. An
additional purpose in case of small drives might be the extension of the motor cable length
due to common mode current limitations. This behaviour strongly depends on the values of
the parasitic capacitances and therefore on the concrete application. The voltage overshoot
described in the section of the dV/dt filter might occur at the motor terminals, depending on
the damping behaviour of the motor cables and the motor. Without damping, output chokes
may increase the probability of double pulse phenomena (see chapter Clause 9).
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Figure 36 — Topology of the output choke

Resulting amplification effect in the differential mode model after the-filter
section

Table 21 — Typical resulting differential mode filter Section parameters
for different kinds of differential mode filter.topologies

bsulting amplification factors of the filter section in the differential™mode system are as
shown in table 21:

Sine wave filter dV/dt filter HF common mode Outpuf choke
filter or without
differential mode
filter
Kps 0,97 12.015 1 1.2]..2
ta n.a.* 2 us 50 ns ... 100 ns 500 ns|... 1 us
f, 11, 10 ... 300 5...100 5...100 5../100
*NOTE| The rise time definition is not applicable to a sinusoidal waveform. dv/dt-effects related to short risp times
are eliminated by this kind of filters.
8.5 [Resulting additive effect in the common mode model after the filter section
For the parameters in.Table 22 it is assumed that the common mode input voltage of th¢ filter
sectign does not contain any low frequency amplitudes (below fy) in its spectrum| This
deperds on the modulation scheme of the inverter and converter and the mains system. If it
does,| the low~ftéquency common mode voltage will not be filtered in any topologyl Low
frequency common mode voltages are not critical for the PDS application.
Table 22 — Typical resulting common mode filter section parameters
for different kinds of common mode Tfilter fopologies
Sine wave filter dV/dt filter HF common mode Output choke
filter or without
differential mode
filter
Kes 1,2...1,5" 1,2..15 1 1,2..2
ts 2 us 2 us 50 ns ... 100 ns 500 ns ... 1 us
f, 11, 10 ... 300 5...100 5...100 5...100

**NOTE Sine wave filters connected to ground will result in ko5 = 0.
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9 Cabling section between converter output terminals and motor terminals

9.1 General

The output voltage of the power converter is a series of trapezoidal pulses with a variable
width (pulse width modulation) characterized by a pulse rise-time t,.

The pulses travel along the motor cable with a propagation velocity given by:

1
V=" (27)
VETT)
Wher¢ L, is the cable characteristic inductance and C, is the cable charactgristic
capaditance.
Typical values for L, are between 200 nH/m and 800 nH/m and for C, between 50 pF/m and
600 pF/m. The typical propagation velocity is between 50 m/us and 300{m/us.
(V) : (s)
1504,0 - Motor
125(,0-3777 I S e 2 OYN Inverter|
100(,0-}, o5 s ,,,,,,,,,,,, R 1
7 L o0 Qe s oo o fh s s s s 45 i e i
R : ‘ "Delta Y : 995,24 .
S, 5000 [ eime T v Y e o i
sdol B G T B
0 /\ /\ N\ YoYU
\/ \/ i
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—5000-: :
| T T T T
t(s) IEC 1316/10

Figure 37 — Example of converter output voltage and motor terminal voltage
with 200 m motor cable

The typical rise time t, is 50 ns to 1 us (insert the values given in the previous section). A
critical cable length I, can be defined, representing the cable length where a pulse travels
along the motor cable, reflects at the motor terminals and returns to the power converter
output after a time interval which equals the rise time t,.
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[ == (28)

9.2 Cabling
Because of the impedance mismatch between the cable characteristic impedance Z, and the

motor surge impedance Z,, a wave reflection occurs causing a ringing voltage overshoot at
the motor terminals.

At cable lengths above the critical length |, the peak voltage at the motor terminals will be:

Vmot = (1 - 1—‘)vav (29)

At cable lengths below the critical length |, the maximum peak voltage can betapproximated
by:

cr

[ -T
Vmot :( . +1]I/mv (30)

Vot I8 the peak voltage at the motor terminals, V,,, is the power converter output voltage, |
is thel cable length and I' (Gamma) is a reflection coefficient depending on the impefance
mismatch between the motor cable and motor:

o Zas

= AT0 31
L+ 7, 1)

The gable impedance Z, is well-defined and depends on the cable parameters sugh as:
charagteristic inductance Lj, characteristic capacitance C,, characteristic resistance pf the
condyctors Ry, characteristic conduetance of the insulation Gj. Z, is expressed by:

R, + jawL L

Z,= |20 o 20 (32)
G, +joC, C,

The motor surge<impedance is not well documented and not easy to measure. Some typical

value$ and the fesulting reflection coefficient are given in the table below:

Table 23 — Resulting reflection coefficients for different motor frame sizes

T Zm Q] T
[kW]

<3,7 2000 - 5000 0,95

90 800 0,82

355 400 0,6

In the case of parallel cables the cable characteristic impedance is also reduced, resulting in
a higher reflection coefficient.

9.3 Resulting parameters after cabling section

This chapter gives the typical resulting cabling section parameters for different kinds of
cabling topologies.
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Table 24 — Typical resulting cabling section parameters for different kinds
of cabling topologies

After cabling length After cabling After output chokes, After sine wave
below critical length length above dv/dt filters filters
and without filter or critical length
with a common mode and without filter
high frequency filter or with a common
mode high
frequency filter
k 1* 1
D4 [ -T (1' F)
< —+1
\ lC}"
k -
o4 [-T 1-1) [-T a5
+1 +1 | below +1 | below
cr cr lCl”
critical length critical length
(1— F) above (1— F) above
critical fength critical length
trs | -T >t ., x(1-T) 2ns Not applicgble
=t X ——+1
ICV
fo /1 5-100 5-100 5-100 1
*NOTE| In case of cable length in the range or above.the critical value, the value will reach up to 2/ kpj
10 Qalculation guidelines for the voltages on the power interface according to
the section models
Accorfding to the parameters shown in Figures 3 and 4, the following values may occur |at the
motor[terminals under worst case conditions if the motor is fed by a converter system.
Remembering Formula 17 gives the phase to ground voltage at the motor terminals:

Vo

1 4 2 4
G, Motor :EVS 'l;[km +Vs '(;,kc;)'gka

Concerning the individual factors the formula can be written as:

n 1 - 2 4
VPG,Motor = E Vpp + VS ’ (Z.: kCi) ’ Hk(]i

The individual parameters are:

(33)

(34)
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VApp*/VS :2'HkDi (35)
i=1
With formula 29:
n 3
Voporr Vs = (- 2-D)* [ [ &y (36)

i=1

The above values are calculated according to the system approach proposed in this document
using|the differential mode and common mode equivalent circuit and the related diffefential
mode[and common mode amplifying factors. The following figures show the differential{mode
equivalent circuit and common mode equivalent circuit with related sections and\amp]ifying
factorp kp, and kc,;.
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Figure 38'= Differential mode equivalent circuit

Line ection: Vg !/ VgN

Input Converter Sectioh: V4 =kpq" Vs
Outpyt Converter Section: V, = Kpo™ Vy
Filter Section: V3 =kps* Vo

Cables Section: V4 = Kps* V3
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Figure 39 — Common Mode Equivalent Circuit
Line §ection: Veo = Keo™ Vs
Input Converter Section: Va1 =g + Keq™ Vg = (Keot+ Keq)® Vg
OutpUt Converter Section: VG2 = VG1 + kCZ* VS = (kco+ kc1+ kcz)* VS
Filter Section: Va3 = kes* Vao = Kes™ (Kot ket Kea)* Vs
Or Va3 = Va1 * kes * keo™ Vs = (keo* kg1t Koo kea)™ Vs
accorgling to filter topology (see Clause 8)
Cables Section: Vas = kca® Va3
Motor| phiase-to-ground voltage:  Vpg motor = VPP, Motor N3+ Vg,

11 Installation and example

11.1 General

Scope of this chapter is to analyze common installations as examples to show how to apply
the document. The result is a combination of a common mode and a differential mode voltage
under worst case conditions.

11.2 Example

— TN network Vgn= 400 V plus a tolerance value of 10 % (according to table 1)
— three phase diode rectifier as input section

— symmetrical or without DC reactor
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