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Preface (UL)

This UL Standard is based on IEC Publication 61800-5-1: edition 2.1, Adjustable Speed Electrical Power
Drive Systems — Part 5-1: Safety Requirements — Electrical, Thermal and Energy, as revised by
Amendment 1. IEC publication 61800-5-1 is copyrighted by the IEC.

This edition has been issued to satisfy UL Standards policy.

Efforts have been made to synchronize the UL edition number with that of the corresponding IEC standard
with which this standard is harmonized.

These materials are spubject to copyright claims of IEC and UL. No part of this publication may bé&
reproduced in any form| including an electronic retrieval system, without the prior written permission of(UL:
All requests pertaining to the [Std. title and designation] Standard should be submitted to UL.

Note — Although the intendedl primary application of this Standard is stated in its Scope, it is important to note that.it_ rfemains the
responsibility of the users of the Standard to judge its suitability for their particular purpose.
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NATIONAL DIFFERENCES
GENERAL

National Differences from the text of International Electrotechnical Commission (IEC) Publication 61800-5-
1, Adjustable Speed Electrical Power Drive Systems — Part 5-1: Safety Requirements — Electrical, Thermal
and Energy copyright 2016 are indicated by notations (differences) and are presented in bold text.

There are five types of National Differences as noted below. The difference type is noted on the first line of
the National Difference in the standard. The standard may not include all types of these National
Differences.

DR - These are Nationjal Differences based on the national regulatory requirements.

D1 - These are Natiorjal Differences which are based on basic safety principles and requirements,
elimination of which would compromise safety for consumers and users of products.

D2 - These are Nationpl Differences from IEC requirements based on existing safety practices. These
requirements reflect national safety practices, where empirical substantiation (for the-lEC or national
requirement) is not available or the text has not been included in the IEC standard.

DC - These are Nationpl Differences based on the component standards and will not be deleted until a
particular component standard is harmonized with the IEC component standard:

DE - These are National Differences based on editorial comments or corrections.

Each national differencg contains a description of what the nationalcdifference entails. Typically one of the
following words is used to explain how the text of the national difference is to be applied to the base IEC
text:

Addition / Add|- An addition entails adding a complete new numbered clause, subclause, table,
figure, or annexAddition is not meant to includeadding select words to the base IEC text.

Modification / Modify - A modificationsisvan altering of the existing base IEC text such as the
addition, replacement or deletion of. certain words or the replacement of an entire clause,
subclause, table, figure, or annex of the base IEC text.

Deletion / Delete - A deletion ehtails complete deletion of an entire numbered clause, subclause,
table, figure, or annex without:any replacement text.



https://ulnorm.com/api/?name=UL 61800-5-1 2022.pdf

10

UL 61800-5-1

JUNE 24, 2022

No Text on This Page



https://ulnorm.com/api/?name=UL 61800-5-1 2022.pdf

JUNE 24, 2022 UL 61800-5-1 11

FOREWORD
INTERNATIONAL ELECTROTECHNICAL COMMISSION

ADJUSTABLE SPEED ELECTRICAL POWER DRIVE SYSTEMS - Part 5-1: Safety requirements —
Electrical, thermal and energy

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising all national
electrotechnical committees (IEC National Committees). The object of IEC is to promote international co-operation on all questions
concerning standardization in the electrical and electronic fields. To this end and in addition to other activities, IEC publishes
International Standards, Technical Specifications, Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter

referred to as “IEC Publicatiop(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested in
the subject dealt with may garticipate in this preparatory work. International, governmental and non-governmental organizations
liaising with the IEC also |participate in this preparation. IEC collaborates closely with the International Organization. fon
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international consensus of
opinion on the relevant subjegts since each technical committee has representation from all interested IEC National Cemmittees.

3) IEC Publications have the|form of recommendations for international use and are accepted by IEC National, Committees in that
sense. While all reasonable gfforts are made to ensure that the technical content of IEC Publications is accurate; IEC cannot be held
responsible for the way in which they are used or for any misinterpretation by any end user.

4) In order to promote internptional uniformity, IEC National Committees undertake to apply IEC Publications transparently to the

maximum extent possible i
corresponding national or reg

5) IEC itself does not provide|
and, in some areas, access
certification bodies.

6) All users should ensure thg

7) No liability shall attach to
technical committees and IH
whatsoever, whether direct g
reliance upon, this IEC Publid

8) Attention is drawn to the N
correct application of this pub

9) Attention is drawn to the p
not be held responsible for id¢

This Consolidated versi

their national and regional publications. Any divergence between any IEC Publication and the
onal publication shall be clearly indicated in the latter.

any attestation of conformity. Independent certification badies provide conformity assessment services
to IEC marks of conformity. IEC is not responsible>for any services carried out by independent

t they have the latest edition of this publication!

IEC or its directors, employees, servants or agents including individual experts and members of its
C National Committees for any personal injury, property damage or other damage of any nature
r indirect, or for costs (including\legal fees) and expenses arising out of the publication, use of, or
ption or any other IEC Publications.

brmative references cited in this publication. Use of the referenced publications is indispensable for the
ication.

ssibility that.some of the elements of this IEC Publication may be the subject of patent rights. IEC shall
ntifying anyor-all such patent rights.

on.of JEC 61800-5-1 bears the edition number 2.1. It consists of the second edition

(2007-07) [documents [22G/178/FDIS and 22G/181/RVD] and its amendment 1 (2016-08) [documents

22G/338/FDIS and 22G/342/RVD]. The technical content is identical to the base edition and its
amendment.

This Final version does not show where the technical content is modified by amendment 1. A separate
Redline version with all changes highlighted is available in this publication.

International Standard IEC 61800-5-1 has been prepared by subcommittee 22G: Semiconductor power
converters for adjustable speed electric drive systems, of IEC technical committee 22: Power electronic
systems and equipment.

This second edition constitutes a technical revision.
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The major areas of change in this edition are the following:

a) addition of alphabetical Table 1 in Clause 3;

b) addition of Table 2 in 4.1 for relevance to PDS/CDM/BDM;
c) addition of Table 4 summary of decisive voltage class requirements;
d) expansion of subclause on protective bonding (4.3.5.3);

e) clarification of distinction between touch current and protective conductor current;

f) revision of sectlion on insulation (now 4.3.6) to include solid insulation;

g) addition of ovgrvoltage categoruies | and Il to HV insulation voltage;

h) revision of segtion on Solid insulation (now 4.3.6.8)

i) addition of high-frequency insulation requirements (4.3.6.9, Annex E);

j) addition of requirements for liquid-cooled PDS (4.4.5);

k) addition of climpatic and vibration tests (5.2.6);

) clarification of yoltage test procedure to avoid over-stress of basic insulation (5.2.3.2.3);

m) revision of short-circuit test requirement for large, high-voltage.and one-off PDS (now 5.2.3.6);

n) addition of infgrmative Annex B for overvoltage category reduction.
This publication has begn drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts of the|IEC 61800 series, published under the general title Adjustable speed electrical
power drive systems, can be found on the IEC website.

Terms in italics in the text are defined in Clause, 3:

The committee has degided that the contents of the base publication and its amendment will remain
unchanged until the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. Atthis date, the publication will be

* reconfirmed,

e withdrawn,
* replaced by a revised edition, or

* amended.

IMPORTANT - The 'colour inside’ logo on the cover page of this publication indicates that it
contains colours which are considered to be useful for the correct understanding of its contents.
Users should therefore print this document using a colour printer.
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DV.1 DE Modification to replace the eighth paragraph following item (9) of the Foreword:

Words in SMALL ROMAN CAPS in the text are defined in Clause 3.

DV.2 DE Modification to add the following:

The numbering system in the standard uses a space instead of a comma to indicate
thousands and uses a comma instead of a period to indicate a decimal point. For example,
1 000 means 1,000 and 1,01 means 1.01.
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ADJUSTABLE SPEED ELECTRICAL POWER DRIVE SYSTEMS - Part

5-1: Safety requ

1 Scope

This part of IEC 6180

irements — Electrical, thermal and energy

0 specifies requirements for adjustable speed POWER DRIVE SYSTEMS, or their

elements, with respect to electrical, thermal and energy safety considerations. It does not cover the driven
equipment except for interface requirements. It applies to adjustable speed electric drive systems which

include the power con
vehicle drives. It applie
and a.c. drive systems
35 kV.

Other parts of IEC 6180

The scope of this part
comply with the safety
example, motors used i

Unless specifically stat
including the CDM/BDM (

NOTE In some cases, safety
special components and/or a

version, drive control, and motor or motors. Excluded are traction and electric
5 to d.c. drive systems connected to line voltages up to 1 kV a.c., 50 Hz or 60 Hz
vith converter input voltages up to 35 kV, 50 Hz or 60 Hz and output voltages up,to

0 cover rating specifications, EMC, functional safety, etc.

pbf IEC 61800 does not include devices used as component partsyof a PDS if they
requirements of a relevant product standard for the same environment. For
N PDS shall comply with the relevant parts of IEC 60034.

ed, the requirements of this International Standard apply to all parts of the pDs,
see Figure 1).

requirements of the PDS (for example, protection againist-direct contact) can necessitate the use of
ditional measures.

1DV.1 D2 Modilfication to add the following:

1DV.1.1 This d
equipment, se

1DV.1.2 This s
ord.c.

pcument is only applicable to.the power conversion and drive control
rvo drives and integral servo.drive/motor combinations.

andard applies to drives'with an input rating up to and including 1,5 kV a.c.

1DV.1.3 A component of a product covered by this standard shall comply with the

requirements

or that component. See Annex DVA for a list of additional standards

covering components-used in the products covered by this standard.

1DV.1.4 The s¢
modules with ¢

1DV.2 DR Modification to add the following:

ope.includes BDM/CcDM/PDS intended for connection to photovoltaic (PV)

butput voltages not exceeding 1.5 kV DC

This equipment is for use in ordinary locations in accordance with Articles 430 and 440 of

the National El

ectrical Code, NFPA 70.

1DV.3 D2 Modification to add the following:

Specifications

provided in other parts of the 61800 Series of Standards (for example EMC

in part 3) apply only on agreement between the manufacturer and the customer.
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2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

NOTE This does not mean that compliance is required with all clauses of the referenced documents, but rather that this international
standard makes a reference that cannot be understood in the absence of the referenced document.

IEC 60034 (all parts), Rotating electrical machines

IEC 60034-1, Rotating efectrical machines — Part 1: Rating and performance

IEC 60034-5, Rotating glectrical machines — Part 5: Degrees of protection provided by the integral desigh
of rotating electrical maghines (IP code) — Classification

IEC 60050-111, Internatlonal Electrotechnical Vocabulary (IEV) — Chapter 111: Physics and ¢chemistry

IEC 60050-151, International Electrotechnical Vocabulary (IEV) — Part 151: Electrical’ and magnetic
devices

IEC 60050-161, International Electrotechnical Vocabulary (IEV) — Chapter 161: Electromagnetic
compatibility

IEC 60050-191, International Electrotechnical Vocabulary (IEV) — Chapter 191: Dependability and quality
of service

IEC 60050-441, Internafional Electrotechnical Vocabulary (IEV) — Chapter 441: Switchgear, controlgear
and fuses

IEC 60050-442, Internafjonal Electrotechnical Vocabuilary (IEV) — Part 442: Electrical accessories
IEC 60050-551, Internatjonal Electrotechnical Vocabulary (IEV) — Part 551: Power electronics

IEC 60050-601, International Electrotechnical Vocabulary (IEV) — Chapter 601: Generation, transmission
and distribution of electricity — General

IEC 60060-1:1989, High-voltage test techniques — Part 1: General definitions and test requirements

IEC 60068-2-2:1974, Envirohmental testing — Part 2: Tests. Tests B: Dry heat

IEC 60068-2-6, Environmental testing — Part 2: Tests — Test Fc: Vibration (sinusoidal)
IEC 60068-2-78, Environmental testing — Part 78: Tests — Test Cab: Damp heat, steady state

IEC 60112:2003, Method for the determination of the proof and the comparative tracking indices of solid
insulating materials

IEC 60204-11, Safety of machinery — Electrical equipment of machines — Part 11: Requirements for HV
equipment for voltages above 1 000 V a.c. or 1 500 V d.c. and not exceeding 36 kV

IEC 60309, Plugs, socket-outlets and couplers for industrial purposes
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IEC 60364-1, Low-voltage electrical installations — Part 1: Fundamental principles, assessment of general

characteristics, definitio

ns

IEC 60364-4-41:2005, Low-voltage electrical installations — Part 4-41: Protection for safety — Protection

against electric shock

IEC 60364-4-41:2005/AMD1:—"

IEC 60364-5-54:2002, Electrical installations of buildings — Part 5-54: Selection and erection of electrical
equipment — Earthing arrangements, protective conductors and protective bonding conductors

IEC 60417, Graphical s
IEC 60529:1989, Degre

IEC 60617, Graphical s

yrTbots foruse orreguipreTt
es of protection provided by enclosures (IP code)

ymbols for diagrams

IEC 60664-1:1992, Insuylation coordination for equipment within low-voltage systems — Parft-1: Principles,

requirements and tests]
Amendment 1 (2000)
Amendment 2 (2002)

IEC 60664-3:2003, Ing
coatings to achieve inst

IEC 60664-4:2005, In
Consideration of high-fr

IEC 60695-2-10, Fire
apparatus and commori

IEC 60695-2-13, Fire
ignitability test method 1

IEC 60695-11-10, Fire
methods

IEC 60695-11-20, Fire A

IEC 60755, General req

ulation coordination for equipment within low-voltagé<{systems — Part 3: Use of
lation coordination of printed board assemblies

sulation coordination for equipment within-low-voltage systems — Part 4:
equency voltage stress

hazard testing — Part 2-10: Glowing/hot-wire based test methods — Glow-wire
test procedure

hazard testing — Part 2-13=\Glowing/hot-wire based test methods — Glow-wire
or materials

hazard testing — Part\11-10: Test flames — 50 W horizontal and vertical flame test

azard testing— Part 11-20: Test flames — 500 W flame test methods

uirements for residual current operated protective devices

IEC 60947-4-1:2009, Low-voltage switchgear and controlgear — Part 4-1. Conitactors and motor-starters —
Electromechanical contactors and motor-starters
IEC 60947-4-1:2009/AMD1:2012

IEC 60947-7-1:2002, Low-voltage switchgear and control gear — Part 7-1: Ancillary equipment —Terminal
blocks for copper conductors

IEC 60947-7-2:2002, Low-voltage switchgear and controlgear — Part 7-2: Ancillary equipment — Protective
conductor terminal blocks for copper conductors

IEC 60990:1999, Methods of measurement of touch current and protective conductor current

IEC 61230, Live working — Portable equipment for earthing or earthing and short-circuiting
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IEC 61800-1, Adjustable speed electrical power drive systems — Part 1: General requirements — Rating
specifications for low voltage adjustable speed d.c. power drive systems

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 61800-4, Adjustable speed electrical power drive systems — Part 4: General requirements — Rating
specifications for a.c. power drive systems above 1 000 V a.c. and not exceeding 35 kV

IEC 62020, Electrical accessories — Residual current monitors for household and similar uses (RCMs)

IEC 62271-102, High-v:
and earthing switches

bifage switchgear and controlgear — Part 102: Alternating current disconnectors

ISO 3864 (all parts), Grgphical symbols — Safety colours and safety signs

ISO 7000:2004, Graphidal symbols for use on equipment — Index and synopsis

1 Under preparation. Stage at
2 There exists a consolidated

he time of publication: IEC DEC 60364-4-41:2016.
bdition 1.2 (2002) including IEC 60664-1:1992 and its Amendments 1 and‘2.

2DV D2 Modifiq

See Annex DV/
for IEC Norma

ation to add the following:

A for USA Normative References and Component Standards. See Annex DVB
ve References that do not apply and for IEC Normative References replaced

by USA Standards.

3 Terms and definitions

For the purposes of thi
60050-151, IEC 60050-
601, IEC 60664-1, IEC 6
below for convenience),

5 international standard,~the terms and definitions given in IEC 60050-111, IEC
61, IEC 60050-191, IEC'60050-441, IEC 60050-442, IEC 60050-551, IEC 60050-
1800-1, IEC 61800-2\IEC 61800-3 and IEC 61800-4 (some of which are repeated
and the following(definitions apply.

Table 1 provides an alphabetical cross-reference listing of terms.

Table 1
Alphabetical list of terms
Term Term number Term Term number Term Term number
adjacent circuit 3.1 (earth) leakage 3.16 protective 3.31
current screening

basic drive module 3.2 live part 3.17 protective 3.32
(BDM) separation

basic insulation 3.3 low-voltage PDS 3.18 reinforced 3.33

insulation

CDM (complete 3.4 open-type 3.19 routine test 3.34
drive module ) (product)

Table 1 Continued on Next Page
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Table 1 Continued

Term Term number Term Term number Term Term number
closed electrical 3.5 power drive 3.20 safety ELV (SELV) 3.35
operating area system (PDS) circuit
commissioning test 3.6 protective ELV 3.21 sample test 3.36

(PELV) circuit
decisive voltage 3.7 prospective short- 3.22 supplementary 3.37
class (DVC) circuit current insulation
double insulation 3.8 protective bonding 3.23 system voltage 3.38
extra low voltage 39 protective class 0 3.24 temporary 3.39
(ELV) overvoltage
electrical 3.10 protective class | 3.25 touch current 3.40
breakdown
expected lifetime 3.11 protective class Il 3.26 type test 3.41
functional 3.12 protective class Il 3.27 user terminal 342
insulation
high-voltage PDS 3.13 protective earthing 3.28 working voltage 3.43
(PE)
installation 3.14 protective earthing 3.29 zone of 3.44
conductor equipotential
bonding
integrated PDS 3.15 protective 3.30
impedance

Table 1DV DE Modification to add the following terms to-Table 1:

3.1

ADJACENT CIRCUIT
circuit having no galvan

AMBIENT TEMPERATURE 3.JADV

CONTROL CIRCUIT 3.6ADV

GROUP INSTALLATION 3.12ADV
INSULATED LIVE PART 3.14ADV
SLASH VOLTAGE RATING 3.36ADV
STRAIGHT VOLTAGE RATING 3.36BDV
SURROUNDING IAIR TEMPERATURE/RATING 3.37ADV

¢ cennection to the circuit under consideration

NOTE A protective impedance is not considered to be a galvanic connection.

3.2

3.1ADV D2 Addition:

AMBIENT TEMPERATURE
the temperature of the room or chamber in which the equipment under test is located

BASIC DRIVE MODULE (BDM)
drive module, consisting of a converter section and a control section for speed, torque, current or voltage,
etc. (see Figure 1)
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3.3

BASIC INSULATION
insulation applied to LIVE PARTS to provide basic protection against electrical shock

[IEV 826-12-14, modified]

3.4

COMPLETE DRIVE MODULE

CDM

drive system, without the motor and the sensors which are mechanically coupled to the motor shaft,
consisting of, but not limited to, the BDM, and extensions such as feeding section and auxiliaries (see

Figure 1)

3.5

CLOSED ELECTRICAL OPERATING AREA
room or location for elegtrical equipment to which access is restricted to skilled or instructed persohs by
the opening of a door or|the removal of a barrier by the use of a key or tool and which is clearly marked by

appropriate warning signs

3.6

COMMISSIONING TEST

test on a device or equigment performed on site, to prove the correctness of installation and operation

[IEV 151-16-24, modified]

3.6ADV D2 Ad(ition:

CONTROL CIRCUIT
a circuit that carries the electric signals directing the performance of a controller, and does
not carry the main power circuit (see IEEE Standards Dictionary of Electrical and Electronic
Terms). A CONTROL CIRCUIT is mostly limited to15 A.

3.6BDV D2 Ad(dition:

COMMON DC BUS|CONDUCTOR
The conductorp between the(output of a CONVERTER SECTION and the DC TAP CONDUCTORS of a

modular drive| assembly, COMMON DC BUS CONDUCTORS may have INTERNAL CONNECTIONS,
EXTERNAL CONNECTIONS, onbe modular DC bus conductors.

3.6CDV D2 Addition:

COMMON DC BUS CONDUCTOR, MODULAR
An assembly to which the CONVERTER SECTION and INVERTER SECTIONS are connected or
“plugged in” and that include integral connections for the sections and the conductors

between the sections. A MODULAR DRIVE SYSTEM using this assembly does not incorporate bc
TAP CONDUCTORS. The connections for MODULAR COMMON DC BUS CONDUCTORS are INTERNAL
CONNECTIONS.

3.6DDV D2 Addition:
CONVERTER OVERLOAD PROTECTION

Circuitry integral to the converter that acts to protect the converter and associated
conductors under overload conditions by reducing current flow through the converter. The
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overload protection circuitry is usually comprised of hardware, firmware and software

components.

3.6EDV D2 Addition:

CONVERTER SECTION (DC SUPPLY)

An AC/DC converter that supplies DC power to modular INVERTER SECTIONS via COMMON DC
BUS CONDUCTORS. The CONVERTER SECTION may consist of a simple rectifier construction or it

may also contain a DC/AC converter, to return regenerative energy to the supply circuit.

3.6FDV D2 Addition:

DC TAP CONDUC
The conducto|

[ORS
rs between the COMMON DC BUS CONDUCTORS and the input of the INVERTER

SECTIONS. DC TAP CONDUCTORS may have INTERNAL OR EXTERNAL CONNECTIONS.

3.7
DECISIVE VOLTAGE CLASS
DVC

classification of voltage

3.8
DOUBLE INSULATION

range used to determine the protective measures against electric shock

insulation comprising bgth BASIC INSULATION and SUPPLEMENTARY INSULATION

[IEV 826-12-16]

NOTE BASIC and SUPPLEM

3.9
EXTRA LOW VOLTAGE
ELV

any voltage not exceed
NOTE 1 R.M.S. ripple voltagg

NOTE 2 In this international s
DVC A and B are contained i

ENTARY INSULATION are separate, eachydesigned for basic protection against electric shock.

ng 50 Va.c. rm.s.-and 120 V d.c.

of not more than,10"% of the d.c. component.

andard, protection against electric shock is dependent on the DECISIVE VOLTAGE CLASSIFICATION.
the veltage range of ELV.

3.10

ELECTRICAL BREAKDOWN
failure of insulation un

der electric stress when the discharge completely bridges the insulation, thus

reducing the voltage between the electrodes almost to zero

[IEC 60664-1:1992, definition 1.3.20]

3.1
EXPECTED LIFETIME

minimum duration for
operation

which the safety performance characteristics are valid at rated conditions of
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3.11ADV D2 Addition:

EXTERNAL CONNECTIONS

Connections between two or more modules of a MODULAR DRIVE SYSTEM in which the
conductors are not entirely contained within the same end product enclosure as the two
components that are being connected.

3.12
FUNCTIONAL INSULATION

insulation between conductive parts within a circuit, which is necessary for the proper functioning of the

circuit, but which does n

3.12ADV D2 Aq
GROUP INSTALL.

A motor branc
protected by a

3.13
HIGH-VOLTAGE PDS

product with rated suppl

NOTE These products fall into|

3.13DV D2 Mogq

Equipment oplf

respect to the

3.14
INSTALLATION

equipment or equipment

bt provide protection against electric shock
dition:

TION
circuit for two or more motors, or one or more motors with otherloads and
circuit breaker or a single set of fuses.

y voltage between 1 kV and 35 kV a.c., 50 Hz or 60 Hz

the scope of IEC 61800-4
ification:

rating at more than 600 Vac is. Considered high-voltage equipment with
equirements in the National Electrical Code.

s including at leastthe PDs and the driven equipment (see Figure 1)

NOTE The word “installation” s also used in this international standard to denote the process of installing a PDS/CDM/BDM. In these

cases, the word does not appe

3.14ADV D2 Aq

INSULATED LIVE H

ar in italics.

dition:

ART

An electrically

LIVE PART that is provided with complete protection against electric shock

and does not rely upon other parts for insulation
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3.15

INTEGRATED PDS
PDS where motor and cbom/BDM are mechanically integrated into a single unit

3.16

3.15ADV D2 Addition:

INTERNAL CONNECTIONS

Connections between two or more modules of a MODULAR DRIVE SYSTEM in which the
conductors are entirely contained within the same end product enclosure as the modules
that are being connected.

3.15BDV D2 Addition:

INVERTER SECTIDN
A DC/AC invernter intended to drive a motor load.

(EARTH) LEAKAGE CURRENT
current flowing from the|LIVE PARTS of the INSTALLATION to earth, in the absence of an insulation fault

[IEV 442-01-24]

3.17

LIVE PART

conductor or conductivg part intended to be energized in normal us€; including a neutral conductor but not

a protective earth neutra

3.18

LOW-VOLTAGE PDS

3.17ADV D2 Addition:

LOAD WIRE
A wire between the output of an INVERTER SECTION and the motor controlled by the inverter.

product with rated supply voltage up:to 1 000 V a.c., 50 Hz or 60 Hz

NOTE These products fall int¢ the scopeof IEC 61800-1 or IEC 61800-2.

3.18DV D2 Modification:

Equipment operating at more than 600 Vac is not considered low-voltage equipment with
respect to the requirements in the National Electrical Code.

3.18ADV D2 Addition:

MODULAR DRIVE SYSTEM

A MODULAR DRIVE SYSTEM is an arrangement of a single converter and two or more INVERTER
SECTIONS which are sold by the same company and intended to be used together to control

multiple motors, but where a single inverter controls a single motor. The CONVERTER AND
INVERTER SECTIONS of a MODULAR DRIVE SYSTEM are designed to facilitate field connection

(field wiring), however they may also be supplied as a factory-assembled system. The
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3.19

OPEN TYPE (PRODUCT)
(product) intended for in

3.20

POWER DRIVE SYSTEM

PDS

system for the speed
equipment (see Figure 1

3.21

CONVERTER AND INVERTER SECTIONS of a MODULAR DRIVE SYSTEM may be designed to connect

together using
harness(es) /
inverters may
configurations

any of the following methods: printed wiring board(s), factory-made wiring
cabling, field wiring, or busbars. Connections between converter and
be internal or external. MODULAR DRIVE SYSTEMS often support a variety of
and ratings.

3.18BDV D2 Addition:

MULTIPLE MOTOR APPLICATION

An application i

a single com/B
or a single cbM

M with a single motor output connection for connection of multiple motors
BDM with multiple individual motor output connections.

corporation within enclosure or assembly which will provide access)protection

3.19ADV D2 Addition:

OVERALL ASSEM

motors as s

BLY

own in Figure DVG.1, in a suitable enclosure or several enclosures

An arrangemq\t of a single converter and multiple inverterymodules, with or without

mechanically

ttached and electrically connected together..The OVERALL ASSEMBLY forming

a MODULAR DRIVE SYSTEM can be either factory assembled or assembled in the field as per

the instruction
supplied elect
enclosure and
between encl

become part of

3.20ADV D2 Aq

PRIMARY CIRCUIT|

manual using factory supplied sections-or parts and with or without factory
rical connections for field wiring. Where the system is in more than one
the enclosures are to be mechanically attached in the field, the conductors
sures are contained within the-final assembly of enclosures and do not
the installation (building) or machine wiring as per the instruction manual.

control of an électric motor, including the cbMm and motor but not the driven

)
dition:

CONDUCTOR

The conductors connecting the AC input of the CONVERTER SECTION to the load side of the
branch circuit protective device.

PROTECTIVE ELV (PELV) CIRCUIT
electrical circuit with the following characteristics:

« the voltage does not continuously exceed ELV under single fault as well as normal conditions;

* protective separation from circuits other than PELV or SELv;

* provisions for earthing of the PELV CIRCUIT, or its accessible conductive parts, or both
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3.22

PROSPECTIVE SHORT-CIRCUIT CURRENT
current which flows when the supply conductors to the circuit are short-circuited by a conductor of

negligible impedance lo

3.23
PROTECTIVE BONDING

electrical connection of

3.24
PROTECTIVE CLASS 0

cated as near as possible to the supply terminals of the PDS/CDM/BDM

conductive parts for safety purposes

equipment in which profection against electric shock relies only upon BASIC INSULATION

NOTE Equipment of this clas:

3.25
PROTECTIVE CLASS |

equipment in which prq
includes an additional

accessible conductive
INSTALLATION, so that ad
INSULATION

3.26
PROTECTIVE CLASS Il

equipment in which pro
additional safety precat
there being no provisior

3.27
PROTECTIVE CLASS I

equipment in which pro
than those of ELv are ng

[see IEC 61140, subcla

3.28
PROTECTIVE EARTHING (H

earthing of a pointin a g

3.29

becomes hazardous in the event of a failure of the BASIC INSULATION.

tection against electric shock does not rely on BASIC INSULATION only) but which
safety precaution in such a way that means are provided for the.connection of

parts to the PROTECTIVE (EARTHING) CONDUCTOR in the fixed wiring of the
cessible conductive parts cannot become live in the event of\a\failure of the BASIC

tection against electric shock does not rely on BASIC INSULATION ONLY, but in which
tions such as SUPPLEMENTARY INSULATION Or REINFORCED INSULATION are provided,
for PROTECTIVE EARTHING or reliance upon.ifistallation conditions

tection against electric shock relies on supply at ELv and in which voltages higher
t generated and there is no provision for PROTECTIVE EARTHING

Ise 7.4]

E)
ystem, or equipment, for protection against electric shock in case of a fault

PROTECTIVE EARTHING C

DNDUCTOR

protective conductor pr<|>vided for PROTECTIVE EARTHING

[IEV 195-02-11]

3.30
PROTECTIVE IMPEDANCE

impedance connected between LIVE PARTS and accessible conductive parts, of such value that the current,
in normal use and under likely fault conditions, is limited to a safe value, and which is so constructed that
its reliability is maintained throughout the life of the equipment

[IEV 442-04-24, modified]
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3.31
PROTECTIVE SCREENING

separation of circuits from hazardous live-parts by means of an interposed conductive screen, connected
to the means of connection for a PROTECTIVE EARTHING CONDUCTOR

3.32
PROTECTIVE SEPARATION

separation between circuits by means of basic and supplementary protection (BASIC INSULATION plus
SUPPLEMENTARY INSULATION or PROTECTIVE SCREENING) or by an equivalent protective provision (for

example, REINFORCED INSULATION)

3.32ADV D2 Addition:

RATED VOLTAGE
the nominal rms voltage for which the power conversion equipment is designed to operate.

3.33
REINFORCED INSULATION

single insulation systen), applied to LIVE PARTS, which provides a degree of protection against electric
shock equivalent to DOUBLE INSULATION under the conditions specified in the relevantlEC standard

[IEC 60664-1: 1992, definition 1.3.17.5]

3.34
ROUTINE TEST

test to which each individual device is subjected during or after¢gmanufacture to ascertain whether it
complies with certain criferia

[IEV 151-16-17]

3.35
SAFETY ELV (SELV) CIRCUIT

electrical circuit with the[following characteristicst
* the voltage does not exceed ELV;
* PROTECTIVE SEPARATION from circuits\ether than SELV or PELV;

* no provisions for earthing of the-SELV CIRCUIT, or its accessible conductive parts;

* BASIC INSULATION of thel SEXV CIRCUIT from earth and from PELV CIRCUITS

3.36
SAMPLE TEST

test on a number of devices taken at random from a batch

[IEV 151-16-20, modified]
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3.37

3.36ADV D2 Addition:

SLASH VOLTAGE RATING

A rating with two RATED VOLTAGES separated by a slash, for example, 460Y/267 volts or
480Y/277 volts. Equipment with a slash voltage rating is investigated for use in a circuit
with these characteristics: the source is solidly grounded, the nominal voltage between
any two circuit conductors does not exceed the higher RATED VOLTAGE, and the nominal
voltage between any circuit conductor and the grounded enclosure, grounded parts, and
exposed dead metal parts does not exceed the lower RATED VOLTAGE.

3.36BDV D2 Addition:

STRAIGHT VOLTAGE RATING

a rating with pne RATED VOLTAGE, for example, 460 volts or 480 volts. Equipment with a
straight voltage rating is investigated for use in a circuit with these characteristics: the
nominal voltgdge between any two circuit conductors and between any (one circuit
conductor and the grounded enclosure, grounded parts, and exposed dead_metal parts
does not excegd the RATED VOLTAGE.

SUPPLEMENTARY INSULATION
independent insulation applied in addition to BASIC INSULATION in order to pfovide protection against electric
shock in the event of a failure of BASIC INSULATION

[IEC 60664-1: 1992, definition 1.3.17.3]

NOTE BASIC and SUPPLEMENTARY INSULATION are separate, each designed for basic protection against electric shock.

3.38

SYSTEM VOLTAGE

3.37ADV D2 Addition:

a rating assigmed to OPEN TYPE equipment that refers to the maximum AMBIENT TEMPERATURE

SURROUNDING A’ER TEMPERATURE RATING
of air immediately surrounding the'equipment inside of the ultimate enclosure

voltage used to determipe insulation requirements

NOTE See 4.3.6.2.1 for furthdr consideration of SYSTEM VOLTAGE

3.39

TEMPORARY OVERVOLTAGE
overvoltage at the supply frequency of relatively long duration

[IEC 60664-1:1992, definition 1.3.7.1, modified]

3.40

TOUCH CURRENT
electric current passing through a human body or through an animal body when it touches one or more
accessible parts of an electrical installation or electrical equipment

[IEV 826-11-12]
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3.41
TYPE TEST

test of one or more devices made to a certain design to show that the design meets certain specifications
[IEV 151-16-16, modified]

3.42
USER TERMINAL

terminal provided for external connection to the PDS/CDM/BDM

3.43

WORKING VOLTAGE
voltage, at rated supply conditions (without tolerances) and worst case operating conditions, which occurs
by design in a circuit or gcross insulation

NOTE The WORKING VOLTAGE can be d.c. or a.c. Both the r.m.s. and recurring peak values are used.

3.44
ZONE OF EQUIPOTENTIAL BONDING

zone where all simultaneously accessible conductive parts are electrically connected to prevent
hazardous voltages appgaring between them

NOTE For equipotential bondipg, it is not necessary for the parts to be earthed.

3.45
ELECTRONIC MOTOR OVERLOAD PROTECTION
PDS/CDM/BDM circuitry which protects a motor during overload conditions by reducing current to the motor

Note 1 to entry: The protection circuitry is usually a combination of hardware and\software.

Note 2 to entry: This protectior} is typically achieved through an algorithm based on the 2t of the current to the motor.
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3.46
ELECTRONIC POWER OUTPUT SHORT-CIRCUIT PROTECTION CIRCUITRY

circuitry integral to PDS/CDM/BDM that acts to significantly reduce current flow to the power output upon
sensing a short-circuit condition

Note 1 to entry: The protection circuitry is usually a combination of hardware and software.

3.47
THERMAL MEMORY

ability of an overload protective system to approximate the heating and cooling of a protected motor during
operation

3.48
THERMAL MEMORY RETENTION

ability to retain a represgntation of the thermal state of a motor prior to shutdown or loss of power

Note 1 to entry: Typically, this information will be used by the overload protective system to approximate the thermal\state of the
motor upon restart.

Note 2 to entry: This may include an ongoing reduction of the thermal representation to reflect cooling of the motor during shutdown
or loss of power.

3.46
TRIP

controlled rapid reductipn or elimination of the transfer of energy to any.device or process initiated by a
detected fault or abnormal operating condition
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su0059

PDS (Power Drive System)

CDM (Complete Drive Module)

System control and sequencing

BDM (Basic Drive Module)

Converter section

Control section

Feeding section
Auxiliaries
Others

Motor and sensors

N
. gfgure 1
PDsS hardware @guration within an INSTALLATION

G
S
S

IEC 257/03
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4 Protection against electric shock, thermal, and energy hazards
41 General

This Clause 4 defines the minimum requirements for the design and construction of a PDS, to ensure its
safety during installation, normal operating conditions and maintenance for the EXPECTED LIFETIME of the

PDS. Consideration is also given to minimising hazards resulting from reasonably foreseeable misuse.

Table 2 shows the application of the requirements of this Clause 4 to PDS, CDM or BDM.

Table 2
Relevance of requirements to PDS/CDM/BDM
Sub-clause Title PDS? CDM/BDM
4.2 (Protectjon against electric shock, thermal, and energy hazards) — Fault A A
conditiops
4.31 DECISIVE VOLTAGE CLASSIFICATION — A A
4.3.2 PROTE[LTIVE SEPARATION A A
4.3.3 Protectipn against direct contact A C
4.3.4 Protectipn in case of direct contact A C
4.3.51 (Protectjon against indirect contact) — General A A
43.5.2 Insulatign between LIVE PARTS and accessible conductive parts A C
4353 PROTE[LTIVE BONDING CIRCUIT A C
4354 PROTELCTIVE EARTHING CONDUCTOR A A
4.3.5.5 Means ¢f connection for the PROTECTIVE EARTHING CONDUCTOR A A
4.3.5.6 Special features in equipment for PROTECTIVE CLASS Il A C
4.3.6 Insulatign A A
4.3.7 Enclosures A (¢}
4.3.8 Wiring gnd connections A A
4.3.9 Output ghort-circuit requirements A A
4.3.10 Residudl current-operated protective (RED) or monitoring (RCM) device A C
compatipility
4.3.11 Capacitpr discharge A A
4.3.12 Access fonditions for HIGH-VOLTAGE PDS A C
4.4 Protectipn against thermal hazards A A
443 Flammapility of eficlosure materials A C
4.4.5 Specificirequirements for liquid cooled PDS A A
4.5 Protectipn\against energy hazards A A
4.5.2 Mechanical energy hazards A C
4.6 Protection against environmental stresses A A

dl

Requirement always relevant.

C Requirement relevant unless CDM or BDM is incorporated into an assembly that provides the required protection.
@ INTEGRATED PDS shall meet the requirement for PDS.

4.1DV.1 DR Modification to add the following:

Power conversion equipment shall be constructed so that it complies with the rules for
INSTALLATION and use of such equipment as given in the National Electrical Code,

ANSI/NFPA 70.
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4.1DV.2 D2 Modification to add the following:

4.1DV.2.1 Power conversion equipment shall employ materials that are evaluated for the
use.

4.1DV.2.2 The acceptability of insulating materials is to be determined with respect to
properties such as flammability, arc-resistance, and similar properties, based on an
operating temperature equal to the measured temperature adjusted to the minimum
anticipated end use ambient of 40 °C (104 °F), unless the equipment is marked in
accordance with 6.3.3 for a higher end use ambient.

4.1DV.2.3 Iron and steel parts shall be protected against corrosion by enameling,
galvanizing, plating, or other equivalent means. This applies to all springs and other parts
upon which proper mechanical operation may depend other than the following items:

1) Bearings, thermal elements, sliding surfaces of a hinge, or shaft, and the.like,
where slich protection is impracticable;

2) Small|parts of iron or steel, such as washers, screws, bolts, and theJike, that are
not currgnt carrying, if the corrosion of such parts would not be likely to result in a
risk of fire, electric shock, or injury to persons; and

3) Parts[made of stainless steel that are polished or treated:

4.1DV.3 D2 Modlification to add the following:

For Isolated Slcondary Circuits the requirements in Annex DVC can be used to determine
if any of the requirements for risk of electric shock, thermal or energy hazards may be
waived.

4.2 Fault conditions

PDS shall be designed|to avoid operating-tnodes or sequences that can cause a fault condition or

component failure leading to a hazard, unless other measures to prevent the hazard are provided by the
INSTALLATION.

Protection against thermal hazards.and electric shock shall be maintained in single fault conditions as well
as under normal conditigns.

Circuit analysis shall bé = 0 3 =
would resultin a thermal or electrlc shock hazard The anaIyS|s shaII mclude the effect of short CIrCUIt and
open-circuit conditions of the component. The analysis need not include power semiconductor devices if
equivalent testing is accomplished during short-circuit tests, or components which have been determined
to have an insignificant probability of failure during the EXPECTED LIFETIME of the PDS. See 5.2.3.6.4 for test.

NOTE ltis possible that no critical components will be revealed by the analysis. In this case, no component failure testing is required.

Consideration shall be given to potential safety hazards associated with major component parts of the PDs,
such as motor rotating parts and flammability of transformer and capacitor oils.
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4.2DV.1 D2 Modification to add the following:
4.2DV.1.1 Critical components

4.2DV.1.1.1 The use of probability of failure for waiving circuit analysis on components is
not applicable. The circuit analysis shall be used to identify critical components with
respect to resulting thermal or electric shock hazard. Further analysis shall be used to
determine the components to be subjected to the testin 5.2.3.6.4.

4.2DV.1.1.2 The breakdown of components testing is not required for:

a) Components in Class 2, limited voltage/current secondary, or limiting impedance
circuitslllas defined in Annex DVC if the analysis of 4.2 reveals that a fault of
componments within these circuits will not lead to a hazard within a circuit that is not
Class 2| limited voltage/current, or limiting impedance; and;

b) Components complying with the requirements applicable to the component
where those requirements address the failure mode under evaluation forthe circuit
conditipns in which the component is used within the drive.

4.2DV.2 D2 Modification to add the following:
4.2DV.2.1 Contactor overload

4.2DV.2.1.1 A ¢ontactor in a power circuit shall be suitable for controlling the connected
load, including making, carrying and breaking the overload current that can be delivered by
the equipment. A contactor with lower ratings maybe used when it is interlocked or
sequenced sugh that in normal operation the contactor does not make or break load
current and meets the requirements of 5.2.4.5.5DV.

4.2DV.3 D2 Modification to add the following:
4.2DV.3.1 Current limiting contro]

4.2DV.3.1.1 Power conversioh equipment incorporating a current limiting control is to be
tested in accordance with-5.2.4.5.6DV.

4.3 Protection against electric shock

4.3.1 DECISIVE VOLTAGE CLASSIFICATION
4.3.1.1 Use of DECISIVE VOLTAGE CLASS (DVC)

Protective measures against electric shock depend on the DECISIVE VOLTAGE CLASSIFICATION of the circuit

according to Table 3, which correlates the limits of the WORKING VOLTAGE within the circuit with the bvc. The
DVC in turn determines the minimum required level of protection for the circuit.
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4.3.1.2 Limits of DvC

Summary of the limits of the DECISIVE VOLTAGE CLASSES

Table 3

Limits of WORKING VOLTAGE
\")
DVvC a.c. voltage a.c. voltage d.c. voltage Subclause
(rm.s.) (peak) (mean)
UncL UncpL UpcL
A 25 35,4 60 4.3.4.2,4.34.4
B 50 71 120 4.3.5.3.1a),b)
C 1000 4 500° 1500
D >1 000 >4 500 >1 500

242 V).

2 For equipment having only

® The value of 4 500 V allows

bne DVC A circuit, the r.m.s. and peak voltage limits are 30 V and 42,4 V respectively.

all LOW-VOLTAGE PDS to be covered by Table 7 (possible reflections up to 3 x ¥2 x4'000'V = 4

4.3.1.3 Requirements for protection

Table 4 shows the red
dependent on the bvc o

Table 4

Protection requirements for considered circuit

uirements for the application of BASIC INSULATION..Of PROTECTIVE SEPARATION,
the circuit under consideration and of ADJACENT CIRCUITS.

+ T T —™

FUNCTION

i } TION

DVC of Protection Insulation to | Insulation to Insulation to ADJACENT CIRCUIT of DVC:
considered required earthed accessible A B c D
circuit against parts conductive
direct parts that
contact are not
earthed
A No a* a f* b pt p
B Yes b p b p¥ p
C Yes b p b p
D Yes b p b
a Insulation is|not necesgsary for safety, but may be required for functional reasons.
* If the considered circuit is designated as a SELV CIRCUIT, BASIC INSULATION is required from earth and from
PELV CIRCUITS,

NN AT v : b doriard L
AL TNOULATIVUINTUT TITLUTL UT THYTICT VUILAYT.

BASIC INSULATION for circuit of higher voltage.
PROTECTIVE SEPARATION for circuit of higher voltage.

It is permitted to use BASIC INSULATION for the circuit of higher voltage if protection against direct contact is
applied to the considered circuit by BASIC or SUPPLEMENTARY INSULATION for the circuit of higher voltage.

4.3.1.4 Circuit evaluation

4.3.1.41

General

The Dvc of a given circuit is evaluated by the method set out below, three cases of waveforms being

considered.
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4.3.1.4.2 A.C. WORKING VOLTAGE (see Figure 2)

A

Uncp

IEC” 258/03

su0067

Key
Uac -m.s. voltage

Uacp recurring peak voltage

Figure 2

Typical waveform for a.c. WORKING VOLTAGE

The WORKING VOLTAGE has an r.m.s. value U,c anda recurring peak value Upcp.
The DvC is that of the lowest voltage row ef Table 3 for which both of the following conditions are satisfied.
* Uac = UncL

* Unacp < UacrL
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4.3.1.4.3 D.C. WORKING VOLTAGE (see Figure 3)

Upc Upcp

IEC 259/03

su0068

Key
Upc mean voltage

Upcp recurring peak voltage

Figure 3

Typical waveform for d.c. WORKING VOLTAGE

The WORKING VOLTAGE hias a mean value Upc and a recurring peak value Upcp, caused by a ripple voltage
of r.m.s. value not greater than 10 % of Upc.

The bvc is that of the lowest voltage row ofTable 3 for which both of the following conditions are satisfied.
* Upc = UpcL

* Upcp = 1,17 x UpcL
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4.3.1.4.4 Pulsating WORKING VOLTAGE (see Figure 4)

tface

IEC 260/03

su0069

Key
Upc mean voltage
Upcp recurring peak voltage

Figure 4

Typical waveform for pulsating.WORKING VOLTAGE

The WORKING VOLTAGE lhas a mean value Upc andya recurring peak value U,cp, caused by a ripple voltage
of rm.s. value U, greater than 10 % of Upc.

The DvcC is that of the lowest voltage row of Table 3 for which both of the following conditions are satisfied.
* Uac/UncL + Upc/UpcL § 1

* Uacp/UncpL *+ Upc/(1,1)7 %Uper ) <1

4.3.2 PROTECTIVE SEPARATION

PROTECTIVE SEPARATION shall be achieved by application of materials resistant to degradation, as well as
by special constructive measures; and

* by DOUBLE Or REINFORCED INSULATION,
or

* by PROTECTIVE SCREENING, i.e. by a conductive screen connected to earth by PROTECTIVE BONDING of the
PDS, or connected to the protective earth conductor itself, whereby the screen is separated from LIVE PARTS

by at least BASIC INSULATION,
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or

* by PROTECTIVE IMPEDANCE according to 4.3.4.3 comprising limitation of discharge energy and of current,
or by limitation of voltage according to 4.3.4 4.

The PROTECTIVE SEPARATION shall be fully and effectively maintained under all conditions of intended use of
the PDs.

4.3.3 Protection against direct contact

4.3.3.1 General

Protection against direct contact is employed to prevent persons from touching LIVE PARTS which do not
meet the requirements ¢f 4.3.4. It shall be provided by one or more of the measures given in 4.3.3.2.and
4.3.3.3.

For INTEGRATED PDS thg motor shall meet the requirements of IEC 60034-5. For the BDM the protection
shall be provided by ong or more of the measures given in 4.3.3.2 and 4.3.3.3.

4.3.3.1DV DC Modification:

In the US, motqr requirements are provided in UL 2111 and the UL:1004 series of standards.

4.3.3.2 Protection by means of insulation of LIVE PARTS

LIVE PARTS shall be completely surrounded with insulation if their WORKING VOLTAGE is greater than the
maximum limit of bvc Alor if they do not have PROTECTIVE SEPARATION from ADJACENT CIRCUITS of bvc C or

D. The insulation shall be rated according to the impulsevoltage, TEMPORARY OVERVOLTAGE Or WORKING
VOLTAGE (see 4.3.6.2.1)] whichever gives the most severfe requirement. It shall not be possible to remove

the insulation without thg use of a tool.

Any conductive part which is not separated from'the LIVE PARTS by at least BASIC INSULATION is considered
to be a LIVE PART. A metallic accessible part.is considered to be conductive if its surface is bare or is
covered by an insulating layer which does not comply with the requirements of BASIC INSULATION.

As an alternative to solid or liquidinsulation, a clearance according to 4.3.6.4, shown by L; and L, in
Figure 5, may be provided.

The grade of insulation + BASIC, DOUBLE or REINFORCED — depends on:

« the DVC of the LIVE PARTS or ADJACENT CIRCUITS,
and
« the connection of conductive parts to earth by PROTECTIVE BONDING.

Examples of insulation configurations are given in Figure 5, which also shows the requirements for
apertures.
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Insulation configuration

Type of insulation

a b c
Accessible parts Accessible parts Accessible parts conductive,
conductive not conductive but NOT connected
and connected to earth by
to earth by protective bonding

protective bonding

1) Solid or liquid

S
AB M )J
/I
2) Totally or
partially by S
air clearance
Al M J
L
i C BcAB M
3) Insulation for C /s

adjacent circuits: |
Circuit A: lower re
voltage circuit

Circuit C: higher
voltage circuit;

upper row - S
DVC C only, I
lower row - a
DvCCorD
4) Requirements
for apertures in A L M
enclosures <>
T
.
A live part L+ clearance for basic insulation T  testfinger (Clause 12 of
IEC 60529)
B basic insulation for circuit A L, clearance for reinforced insulation Z  supplementary insulation for
circuit A
Bc basic insulation for circuit C M conductive part Zc  supplementary insulation for
circuit C
C adjacent circuit R reinforced insulation for circuit A * also applies to plastic screws
D double insulation for circuit A Rc reinforced insulation for circuit C F  functional insulation for circuit A
| insulation less than B S surface of equipment

NOTE 1: In column ¢ a plastic screw is treated like a metal screw because a user could replace it with a metal screw during
the life of the equipment.
NOTE 2: In row 4), the insertion of the test finger is considered to represent the first fault.

su0577a IEC 1198/07

Figure 5

Examples for protection against direct contact
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Three cases are considered:

Case a): Accessible parts are conductive and are connected to earth by PROTECTIVE BONDING.

* BASIC INSULATION s req

uired between accessible parts and the LIVE PARTS. The relevant voltage is that of

the LIVE PARTS (see Figure 5, cells 1)a), 2)a), 3)a)).

Cases b) and c): Accessible parts are non-conductive (case b)) or conductive but not connected to earth
by PROTECTIVE BONDING (case c)). The required insulation is:

* DOUBLE oOr REINFORCED
voltage is that of the LIVH

* SUPPLEMENTARY INSULA
separated by BASIC INS
voltage of the ADJACENT

* BASIC INSULATION betw|
SEPARATION from ADJAC

Figure 5, lower cells 3)b

4.3.3.3 Protection by

LIVE PARTS of DVC B, C o

INSULATION between accessible paiEs and LIVE PARTS of DVC C or D. The relevant

PARTS (see Figure 5, cells 1)b), 1)c), 2)b), 2)c)).
TION between accessible parts and LIVE PARTS of circuits of DvC A or B which are

ULATION from ADJACENT CIRCUITS of DvVC C. The relevant voltage is thethighest
CIRCUITS (see Figure 5, upper cells 3)b), 3)c)).

pen accessible parts and LIVE PARTS of circuits of bvC B which have PROTECTIVE
ENT CIRCUITS of DvC C or D. The relevant voltage is that of the LIVE PARTS (see

il 3)0))'
means of enclosures and barriers

" D shall be arranged in enclosures or located behind enclosures or barriers, which

meet at least the requi
surfaces of enclosures
least the requirements

ements of the Protective Type IPXXB according to 15.1 of IEC 60529. The top
r barriers which are accessible when the gquipment is energized shall meet at
the Protective Type IP3X with regard towertical access only. See 5.2.2.3 for test.

It shall only be possible to open enclosures or remove barriers with the use of a tool or after de-
energization of these LIV[E PARTS.

Where the enclosure is
a) accessible LIVE PARTS

b) LIVE PARTS of DVC B, (
at least IPXXB;

c) it shall be ensured thg

OPEN TYPE sub-assembl

equired to be opened and thePDs energised during installation or maintenance:
of bvc B, C or D shall be.protected to at least IPXXA,;

[ or D that are likely to be touched when making adjustments shall be protected to

t persons:are aware that LIVE PARTS of DvC B, C or D are accessible.

es.and devices do not require protective measures against direct contact.

Products containing circuits of DvC A, B or C, intended for installation in CLOSED ELECTRICAL OPERATING
AREAS, as defined in 3.5, need not have protective measures against direct contact.

Products containing circuits of bvc D, intended for installation within a CLOSED ELECTRICAL OPERATING AREA,
have additional requirements (see 4.3.12).

4.3.3.3DV.1 D2 Modification:

It is permitted to open enclosures or remove barriers without the use of a tool and without
de-energization of LIVE PARTS of DvC A, B or C circuits.
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4.3.3.3DV.2 D2

Modification:

Accessibility of LIVE PARTS of DvC B or C circuits, excluding isolated secondary circuits of
pvc B that have been investigated to Annex DVC which do not require protection against

direct contact
DVD.

as indicated by Table DVC.1, shall be determined in accordance with Annex

4.3.4 Protection in case of direct contact

4.3.41 General

Protection in case of di
shock hazard.

The protection against
from all other circuits ad

« is of DvC A and compli
or

* is current limited via a
or

« is limited in voltage ac

See Annex A for examp

NOTE The requirements of
devices.

Compliance with PROT
5.2.3 as appropriate.

rect contact is required to ensure that contact with LIVE PARTS does not produce.a

Jirect contact according to 4.3.3 is not required if the circuit contacted is separated
cording to 4.3.1.3, and:

s with 4.3.4.2,

PROTECTIVE IMPEDANCE according to 4.3.4.3,

cording t0 4.3.4.4.

les of these measures.

hese subclauses apply to the entire: circuit including power supplies and any associated peripheral

ECTIVE SEPARATION<requirements shall be verified according to 5.2.1, 5.2.2, and

4.3.4.1DV D2 Modification-to add the following:

Protection in
isolated seco

case“of direct contact according to 4.3.3 is not required if the circuit is an
ndary’ circuit investigated to Annex DVC and does not require protection

against direct

4.3.4.2 Protection us

eontactas-indicated by Fable BVCAH

o 2
ICU Ny TdVIv UVV. 1.

ing DVC A

Unearthed circuits of DvC A, and earthed circuits of DvC A used within @ ZONE OF EQUIPOTENTIAL BONDING
(see 3.44), do not require protection in case of direct contact.

Earthed circuits of DvC A that are not within a ZONE OF EQUIPOTENTIAL BONDING require additional protection
in case of direct contact, by one of the measures given in 4.3.4.3 or 4.3.4.4, in order to provide protection

in cases where the ea

rth reference potentials of the DvC A circuits are not the same. The instruction

manual shall provide information concerning the use of these circuits (see 6.3.6.5).
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4.3.4.3 Protection by means of PROTECTIVE IMPEDANCE

The connection of accessible LIVE PARTS to circuits of bvc B, C or D, or to earthed circuits of bvc A not
used within a ZONE OF EQUIPOTENTIAL BONDING, shall only be made through PROTECTIVE IMPEDANCES
(unless 4.3.4.4 applies).

The same constructional provisions as those for PROTECTIVE SEPARATION shall be applied for the
construction and arrangement of a PROTECTIVE IMPEDANCE. The current value stated below shall not be
exceeded in the event of failure of a single component. The stored charge available between

simultaneously accessible parts protected by the PROTECTIVE IMPEDANCE shall not exceed 50 uC.

The PROTECTIVE IMPEDA
accessible LIVE PART dos

The PROTECTIVE IMPED
TEMPORARY OVERVOLTAG

NCES shall be designed so that the current available through them to earth at the
s not exceed a value of 3,5 mA a.c. or 10 mA d.c. See 5.2.3.4 for test.

ANCES shall be designed and tested to withstand the impulse voltages and
ES for the circuits to which they are connected. See 5.2.3.1 and 5.2.3.2 fortests.

4.3.4.3DV D2 Modification:

Impulse voltag

4.3.4.4 Protection by

This type of protection i
resulting in a voltage to ¢

This circuit shall be deg
division circuit, the volta
than that of bvc A. The
this case.

This type of protection
earth being connected.

e testing is not required.

means of limited voltages

mplies a voltage division technique from a circuit protected against direct contact,
parth not greater than that of bvc A.

igned so that, even in the event of failure of a single component in the voltage
ge across output terminals as well-as the voltage to earth will not become greater
s5ame constructional measures: a@s’in PROTECTIVE SEPARATION shall be employed in

shall not be used in case”of PROTECTIVE CLASS I, because it relies on protective

4.3.5 Protection against indirect contact

4.3.5.1 General

Protection against indire

ct contact is required to prevent shock currents which can result from accessible

conductive parts during

PROTECTIVE CLASS |, CLASS Il or CLASS III.

That part of a PDS which
CLASSII.

That part of a PDS which

That part of a PDS which

meets the requirements of 4.3.5.2, 4.3.5.3 and 4.3.5.3.2 is defined as PROTECTIVE

meets the requirements of 4.3.5.6 is defined as PROTECTIVE CLASS Il.

meets the requirements of SELV is defined as PROTECTIVE CLASS II.

PROTECTIVE CLASS 0 is only acceptable for parts of the PDS when instructions are provided to meet the

requirements of 4.3.3.3 (CLOSED ELECTRICAL OPERATING AREAS) (see 6.3.6.5). In the case of HIGH-VOLTAGE
PDS, special requirements exist (see 4.3.12).
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4.3.5.1DV D2 Modification:

Protection by means of CLASS Il methods are not applicable.

4.3.5.2 Insulation between LIVE PARTS and accessible conductive parts

Accessible conductive parts of equipment shall be separated from LIVE PARTS at least by BASIC INSULATION
or by clearances as in 4.3.6.4.

4.3.5.3 PROTECTIVE Bd
4.3.5.3.1 General

Other than in a) or b) b
of equipment and the m

a) when accessible con

b) when accessible c
INSULATION.

NOTE Some examples of sud

Figure 6 shows an exarn

NDING circuit

elow, PROTECTIVE BONDING shall be provided between accessible conductive parts
eans of connection for the PROTECTIVE EARTHING CONDUCTOR:

Huctive parts are protected by one of the measures in 4.3.4.2 to 4314 .4;

bnductive parts are separated from LIVE PARTS using BOUBLE or REINFORCED

h parts are magnetic cores, screws, rivets, nameplates and cable’ clamps.

nple CDM/BDM assembly and its associated PROTECTIVE BONDING.
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CDM/BDM 1 CDM/BDM 2

CDM/BDM n =

E

|||—

S5
s F U
.
5 e

[éz

su0599

1 CDM/BDMPROTECTIVE EARTHING CONDUCTOR (dimensioned according to CDM/BDM requirements)

2 PROTECTIVE BONDING
3 PDS PROTECTIVE EARTH
4 EARTH bar

EE other ELECTRICAL equiprnent (bonded as relevant for that equipment)

Figure 6

Example of PROTECTIVE BONDING

=y

NG CONDUCTOR (dimensioned according to PDS requirements) to INSTALLATION earthing point
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Electrical contact to the means of connection of the PROTECTIVE EARTHING CONDUCTOR shall be achieved
by one or more of the following means:

+ through direct metallic contact;

+ through other accessible conductive parts which are not removed when the PDS/CDM/BDM is used as
intended;

« through a dedicated PROTECTIVE BONDING conductor;

« through other metallic[components of the PDS/CDM/BDM.

NOTE When painted surfacgs (in particular powder painted surfaces) are joined together, then a separate connection should,be
made for reliable contact.

Where electrical equipment is mounted on lids, doors, or cover plates, continuity of the PROTECTIVE
BONDING circuit shall bg ensured and it is recommended that a dedicated conductor be usedy Otherwise

fastenings, hinges or sliding contacts designed and maintained to have a low resistance shall-be used.

Metal ducts of flexible or rigid construction and metallic sheaths shall not be“\used as protective
conductors.

For HIGH-VOLTAGE PDS, |metal ducts and metal sheathing of all connecting‘cables (e.g. cable armouring,
lead sheath) shall be cdnnected to earth by the PROTECTIVE BONDING circuit{If only one end of such ducting
or sheathing is so connected, it shall not be possible to touch the otherend. This shall be connected to
earth by the PROTECTIVE BONDING circuit via an impedance to limit any induced voltage to a maximum of
50 Va.c.

The PROTECTIVE BONDING circuit shall not incorporate a switching device, an overcurrent device (e.g.
switch, fuse) or means ¢f current detection for such devices.

4.3.5.3.1DV.1 D1 Modification:

Item b) is not gpplicable.

4.3.5.3.1DV.2 D2 Modification to add the following:

4.3.5.3.1DV.2.1 Bonding

4.3.5.3.1DV.2.11Otherthan as noted in 4.3.53.1DV2 12 and 4.3.5.31DV2 1.3 an enclosure
made of insulating material, either wholly or in part, shall have bonding means to provide
continuity of grounding between all conduit openings. The bonding means shall be either
completely assembled on the product or provided as separate parts for field INSTALLATION.

4.3.5.3.1DV.2.1.2 A bonding means required in 4.3.5.3.1DV.2.1.1 is not required for an
enclosure that is intended to be connected to a single conduit. Enclosures shall be marked
in accordance with 6.3.6.6DV.3.

4.3.5.3.1DV.2.1.3 A bonding means required in 4.3.5.3.1DV.2.1.1 is not required to be
provided with each enclosure when such means is available in the form of a kit from the
manufacturer and the equipment complies with the marking requirements in 6.3.6.6DV.2.
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4.3.5.3.1DV.2.1.4 Other than as noted in 4.3.5.3.1DV.2.1.5, the continuity of a conduit system
shall be provided by metal-to-metal contact not relying on a polymeric material.

4.3.5.3.1DV.2.1.5 The continuity of the grounding system is not prohibited from relying on
the integrity of the polymeric enclosure when samples have been subjected to the creep
test requirements in the Standard for Polymeric Materials — Use in Electrical Equipment
Evaluations, UL 746C. Overcurrent Tests shall be conducted at 200 percent of the rated
current of the branch circuit-protective device.

4.3.5.3.1DV.21.6 A separate bonding conductor whether ina plastlc or metal enclosure

shall be coppep-2
conductor. Ferfous metal parts in the groundlng path shall be protected agalnst corrosion
by enameling, galvanizing, plating, or other equivalent means. A separate bonding
conductor shall:

a) Be prptected from mechanical damage or be located within the confines of the
outer enclosure or frame; and

b) Not bge secured by a removable fastener used for any purpose other.than bonding
unless the bonding conductor is unable to be omitted after removal and
replacement of the fastener.

4.3.5.3.1DV.2.1]7 Other than as noted in 4.3.5.3.1DV.2.1.8, the size-of a separate component
bonding conductor shall not be less than the applicable size specified in Table
4.3.5.3.1DV.1 or the size of the conductor supplying the component, whichever is smaller.

4.3.5.3.1DV.2.1]8 A bonding conductor is not required.to‘be as large as specified in
4.3.5.3.1DV.2.1]7 when:

current ¢qual to twice the branch-circuit overcurrent-device rating — see

a)lt doeF not open when carrying, for thetime specified in Table 4.3.5.3.1DV.2. A
4.3.5.3.1DV.2.1.9 — and not less than40°A; and

b) None|of three samples of thé bonding conductor opens during a limited-
shortcirguit test with a current.as specified in Table 4.3.5.3.1DV.3 when in series with
a fuse a$ described in 4.35:3.1DV.2.1.9.

Table 4.3.5.3.1DV A1
Size of Bonding Conductor

Maximum rafing.or setting of Minimum size of bonding conductor?
automatic ovefcurrent device in

circuit ahead of equipment, Copperwire Atumimumm wire
A AWG (mm?) AWG or kcmil (mm?)
15 14 (2,1) 12 (3,3)
20 12 (3,3) 10 (5,3)
30 10 (5,3) 8 (8,4)
40 10 (5,3) 8 (8,4)
60 10 (5,3) 8 (8,4)
100 8 (8,4) 6 (13,3)
200 6 (13,3) 4 (21,2)

Table 4.3.5.3.1DV.1 Continued on Next Page
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Table 4.3.5.3.1DV.1 Continued

Maximum rating or setting of Minimum size of bonding conductor?
automatic overcurrent device in - - -
circuit ahead of equipment, Copper wire Aluminum wire
A AWG (mm?) AWG or kcmil (mm?)
300 4 (21,2) 2 (33,6)
400 3 (26,7) 1 (42,4)
500 2 (33,6) 1/0 (53,5)
600 1 (42,2) 2/0 (67,4)
800 170 (935,9) 3/0 (69,U)
000 2/0 (67.,4) 4/0 (107,0)
200 3/0 (85,0) 250 (127,0)

20r equivalent ¢

Foss-sectional area.

Table 4.3.5.3.1DV.2

Duration of Current Flow for Bonding-Conductor Test

Ove

rcurrent device rating, A

Minimum duration of current flow, min

30 orless
31-60
61-100

1
4
6

Table 4.3.5.3.1DV.3

Bonding Conductor Short-Circuit Test Capacity

Controller rating
hp (kW output) V] Circuit capacity, A
1/2 (0,373) 0-250 200
1/2 (0,373) 251-600 1000
over1/2t$ 1 (0,374.0,746) 0-600 1000
over 1 to[3 (0,747 — 2,24) 0-250 2000
over 3 to 7{1/2 (2,25-5,59) 0-250 3500
over 7-1/2 tp 50 (5,60 - 37,3) 0-250 5000
over 1 to f0 (0,747 -37,3) 251-600 5000
over 50 to P00 (37,4 - 149) 0-600 10 000
over 20 {over150) =600 a

2 See Table 4.3.9DV.1.

4.3.5.3.1DV.2.1.9 The circuit for the test required by 4.3.5.3.1DV.2.1.8 is to have a power
factor of 0,9 — 1,0 and is to be limited to the current specified in Table 4.3.5.3.1DV.3. The

open-circuit voltage of the test circuit is to be 100 to 105 percent of the specified voltage.

The circuit is to be connected through a nonrenewable fuse that conducts twice its rated
current for at least 12 s. The fuse rating is to be that of the branch-circuit overcurrent

device to which the equipment is intended to be connected and not less than 20 A. One test
is to be performed on each of three samples of the bonding conductor.
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4.3.5.3.2 Rating of protective bonding

PROTECTIVE BONDING shall withstand the highest thermal and dynamic stresses that can occur to the
PDS/CDM/BDM item(s) concerned when they are subjected to a fault connecting to accessible conductive

parts.

The PROTECTIVE BONDING shall remain effective for as long as a fault to the accessible conductive parts
persists or until an upstream protective device removes power from the part.

NOTE In cases where the PROTECTIVE BONDING is routed through conductors of low cross-section (for example, PWB tracks),
particular care should be taken to ensure that no undetected damage to the bonding circuit can occur in the event of a fault.

These conditions will be|satisfied if the cross-section of the PROTECTIVE BONDING conductor is the same as
that for the PROTECTIVE BARTHING CONDUCTOR according to 4.3.5.4. For testing, see 5.2.3.9.

Alternatively, PROTECTIVE BONDING may be designed to meet the impedance requirements of 4.3.5.3.3.
4.3.5.3.3 PROTECTIVE HONDING impedance
The impedance of the PROTECTIVE BONDING shall be sufficiently low that:

« during normal operatioh, no voltage exceeding continuously 5 V a.c. or 12 V d:.c."ean persist between the
accessible conductive pgrts and the means of connection for the PROTECTIVEEARTHING CONDUCTOR,

and

« under fault conditions,| no voltage exceeding AC-2 or DC-2 in Eigure 7 can persist between accessible
conductive parts and th¢ means of connection for the PROTECTIVE EARTHING CONDUCTOR until an upstream
protective device remopes power from the part. The upstream protective device considered for this
requirement shall have the characteristics required by the.installation manual according to 6.3.7.
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su0600

NOTE The dashed line of AC
present.

2 applies if only a single DVC A circuit is present; the solid line@pplies if more than one DVC A circuit is

Figure 7

Voltage limits under fault conditions

For testing, see 5.2.3.9
4.3.5.4 PROTECTIVE EARTHING CONDUCTOR

A PROTECTIVE EARTHIN[G CONDUCTOR shall“be connected at all times when power is supplied to the
PDS/CDM/BDM, unless th¢ PDS/CDM/BDM complies with the requirements of PROTECTIVE CLASS Il (see 4.3.5.6).

Unless local wiring regylations state otherwise, the PROTECTIVE EARTHING CONDUCTOR cross-sectional area
shall be determined fromn Table 5%r-by calculation according to 543.1 of IEC 60364-5-54.

If the PROTECTIVE EARTHING,)CONDUCTOR is routed through a plug and socket, or similar means of
disconnection, it shall not.be possible to disconnect it unless power is simultaneously removed from the

part to be protected.

Table 5 .
PROTECTIVE EARTHING CONDUCTOR cross-section

Cross-sectional area of phase conductors of the
PDS/CDM/BDM S

Minimum cross-sectional area of the corresponding
PROTECTIVE EARTHING CONDUCTOR S,

(mm?) (mm?)
S<16 S
16<S<35 16

Table 5 Continued on Next Page
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Table 5 Continued

Cross-sectional area of phase conductors of the Minimum cross-sectional area of the corresponding
PDS/CDM/BDM S PROTECTIVE EARTHING CONDUCTOR S,
(mm?) (mm?)
35<8 S/2

The values in Table 5 are vali

conductors. If this is not so, the cross-sectional area of the PROTECTIVE EARTHING CONDUCTOR shall be determined in a
manner which produces a conductance equivalent to that which results from the application of Table 5.

d only if the PROTECTIVE EARTHING CONDUCTOR is made of the same metal as the phase

The cross-sectional argaof every PROTECTIVE EARTHING CONDUCTTOR Wwhithdoes Totformm partof the——

supply cable or cable enclosure shall, in any case, be not less than:

« 2,5 mm? if mechanical

or

protection is provided,

+ 4 mm? if mechanical pflotection is not provided. For cord-connected equipment, provisions shall be made

so that the PROTECTIVE
mechanism, be the last

For special system top
EARTHING CONDUCTOR crf

4.3.5.4DV.1 DR

The PROTECTIVE
250.122 of the

EARTHING CONDUCTOR in the cord shall, in the case of failure_of the strain-relief
conductor to be interrupted.

blogies, such as 6-phase motors, the PDsS designer-shall verify the PROTECTIVE
bss-section required.

Modification to add the following:

EARTHING CONDUCTOR shall be sized as specified in Article 250.122 and Table
National Electrical Code, ANSI/NFPA70.

4.3.5.4DV.2 D2 Modification:

For cord conr

ected equipment, it shall not be possible to disconnect the PROTECTIVE

EARTHING CONDYCTOR before power'is removed.

4.3.5.4DV.3 D2 Modification:

For the interna

grotinding and bonding conductor color, see 4.3.8.3DV.

4.3.5.5 Means of connection for the PROTECTIVE EARTHING CONDUCTOR

4.3.5.5DV DR Modification to add the following:

4.3.5.5DV.1 Means for grounding shall be provided as follows:

a) Fixed

equipment shall be provided with a means of attachment of a terminal or the

equivalent for connecting an equipment grounding conductor. The terminal shall be

sized to
250.122

receive a grounding conductor as specified in Section 250.122 and Table
of the National Electrical Code, ANSI/NFPA 70;


https://ulnorm.com/api/?name=UL 61800-5-1 2022.pdf

JUNE 24, 2022 UL 61800-5-1 51

b) Portable equipment shall be provided with a power-supply cord with a grounding
conductor. The grounding conductor shall be connected to the grounding blade of a
grounding attachment plug and shall be connected to the frame or enclosure of the
equipment. The surface of the insulation on the grounding conductor shall be green
with or without one or more yellow stripes.

4.3.5.5DV.2 A wire binding screw intended for the connection of a field-installed equipment
grounding conductor shall have a green colored head that is hexagonal, slotted, or both.

4.3.5.5DV.3 A pressure wire connector intended for connection of a field-installed
equipment grqouhding-condts 3 plaindy- ifi s i 3
“GR,” “GRD,” [‘Ground,” “Grounding,” or similar designation, or with the grounding
symbol (IEC Ppblication 417, Symbol 5019).

4.3.5.5DV.4 A terminal for an equipment grounding conductor shall have no other function.

4.3.5.5DV.5 Grpunding means provided in the form of a kit meets the requirementiof
4.3.5.5DV.1(a).|When the grounding means is not provided on the equipment’as shipped,
the equipmen{ shall be marked in accordance with 6.3.6.4DV.1.12.

4.3.5.5.1 General

Every PDS or PDs element (motor, converter, transformer) requiring connection to earth by PROTECTIVE
BONDING shall have a means of connection for the PROTECTIVE EARTHING CONDUCTOR, located near the

terminals for the respegtive live conductors. The means of connegtion shall be corrosion-resistant and
shall be suitable for thg connection of cables according to Table 5 and of cables in accordance with the

wiring rules applicablel at the INSTALLATION. The means ofieonnection for the PROTECTIVE EARTHING
CONDUCTOR shall not be used as a part of the mechani¢al assembly of the equipment or for other

connections. A separate means of connection shall be provided for each PROTECTIVE EARTHING
CONDUCTOR.

For HIGH-VOLTAGE PDS, protective shields of highvoltage cables shall have provision for connection to earth
by PROTECTIVE BONDING in accordance with IEC 60204-11 and IEC 61800-4. The PROTECTIVE BONDING
concept shall be by agfeement between the 'supplier and user and consistent with local requirements in
the area of INSTALLATION.

Connection and bonding points shall'be designed so that their current-carrying capacity is not impaired by
mechanical, chemical, pr electrochemical influences. Where enclosures and/or conductors of aluminium
or aluminium alloys are|useds-particular attention should be given to the problems of electrolytic corrosion.

See 6.3.6.6 for marking'regtirements:
4.3.5.5.2 TOUCH CURRENT in case of failure of PROTECTIVE EARTHING CONDUCTOR

The requirements of this subclause shall be satisfied to maintain safety in case of damage to or
disconnection of the PROTECTIVE EARTHING CONDUCTOR.

For plug-connected single phase PDS/CDM/BDM, not using an industrial connector according to IEC 60309,
the TOUCH CURRENT (measured in accordance with 5.2.3.5) shall not exceed 3,5 mA a.c. or 10 mA d.c.

For all other PDS/CDM/BDM, one or more of the following measures shall be applied, unless the TOUCH
CURRENT (measured in accordance with 5.2.3.5) can be shown to be less than 3,5 mA a.c. or 10 mA d.c.
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a) A fixed connection an

* a cross-section

or

d:

of the PROTECTIVE EARTHING CONDUCTOR of at least 10 mm? Cu or 16 mm? Al,

+ automatic disconnection of the supply in case of discontinuity of the PROTECTIVE EARTHING

CONDUCTOR,;
or

* provision of a
cross-sectional

b) connection with an i
CONDUCTOR cross-sectiqg

be provided.
For marking requiremen
4.3.5.5.2DV D2

For all cord-co

dustrial connector according to IEC 60309 and a minimum PROTECTIVE EARTHING
n of 2,5 mm? as part of a multi-conductor power cable. Adequate strain relief shall

S, see 6.3.6.7.
odification by replacing 4.3.5.5.2 with the following:

hnected portable and stationary equipment, rated for a nominal 120-, 208, or

240-V supply, émploying a standard grounded, 3-wire attachment plug rated 20 A or less,

the maximum
5.2.3.5DV.

permitted LEAKAGE CURRENT is 3,5 mA, measured in accordance with

4.3.5.6 Special featurps in equipment for PROTECTIVE CLASSII

If equipment is designe
surfaces in accordance
following also apply.

* Equipment designed
EARTHING CONDUCTOR.

through the equipment
EARTHING CONDUCTOR 4

accessible surface of th
voltage, PROTECTIVE IMP
shall correspond to the r

d to use DOUBLE or REINFORCED INSULATION between LIVE PARTS and accessible
with 4.3.3.2, then the design_is considered to meet PROTECTIVE CLASS II, if the

0 PROTECTIVE CLASSHI shall not have means of connection for the PROTECTIVE
However this dogs not apply if a PROTECTIVE EARTHING CONDUCTOR is passed

to equipment (series-connected beyond it. In the latter event, the PROTECTIVE
nd its means, for connection shall be insulated with BASIC INSULATION from the

e equipment and from circuits which employ PROTECTIVE SEPARATION, extra-low
EDANCE and limited discharging energy, according to 4.3.4. This BASIC INSULATION
ated voltage of the series-connected equipment.

» Metal-encased equipmn
of an equipotential bond

ing conductor.

» Equipment of PROTECTIVE CLASS Il may have provision for the connection of an earthing conductor for
functional reasons or for the damping of overvoltages; it shall, however, be insulated as though it is a LIVE

PART.

» Equipment of PROTECTIVE CLASS Il shall be marked according to 6.3.6.6.

4.3.5.6DV DR Deletion:

The use of cla

ss Il methods are not applicable. (National Electrical Code, ANSI/NFPA 70

Article 250.112).

r | . : | ot :
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4.3.6 Insulation
4.3.6.1 General
4.3.6.1.1 Influencing factors

This subclause gives minimum requirements for insulation, based on the principles of IEC 60664 and
IEC 60071.

Manufacturing tolerances shall be taken into account during design and installation of the PDs.

For INTEGRATED PDS tHe motor insulation system shall meet the requirements of the relevant part of
IEC 60034. The com/BDM shall comply with the requirements of 4.3.6.

Insulation shall be selegted after consideration of the following influences:
* pollution degree;
* overvoltage category;

* supply earthing systen

=

* insulation voltage;
* location of insulation;
* type of insulation;

Verification of insulation| shall be made according to 5.2,211, 5.2.3.1, 5.2.3.2, and 5.2.3.3.

4.3.6.1.1DV D2 Modification:

The motor ingsulation system shall meet the requirements of the UL 1004 series of
standards.

4.3.6.1.2 Pollution degree

Insulation, especially when prowded by clearances and creepage distances, is affected by poIIutlon which
occurs during the EXPE .
applied according to Table 6 6

Table 6
Definitions of pollution degrees
Pollution degree Description
1 No pollution or only dry, non-conductive pollution occurs. The pollution has no influence.
2 Normally, only non-conductive pollution occurs. Occasionally, however, a temporary conductivity
caused by condensation is to be expected, when the PDS is out of operation.

Table 6 Continued on Next Page
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Table 6 Continued

Pollution degree

Description

3 Conductive pollution or dry non-conductive pollution occurs, which becomes conductive due to
condensation, which is to be expected.
4 The pollution generates persistent conductivity caused, for example by conductive dust or rain or

Snow.

In accordance with IEC

61800-1, IEC 61800-2 and IEC 61800-4, a standard PDS shall be designed for

pollution degree 2. For safety, pollution degree 3 shall be assumed in determining the insulation. Thereby

the PDS is usable for pol
The insulation may be d

a) instructions are pro
environment,

or
b) the specific installatio
or

c) the PDS enclosure o
adequate protection ag
condensation).

If operation in pollutior
enclosure.

4.3.6.1.2DV.1 D

Item b) is not a

4.3.6.1.2DV.2D

tiormrdegree 1, 2anmd-SEnvironments:
btermined according to pollution degree 2 if one of the following applies:

ided with the PDs indicating that it shall be installed in a pollution degree 2

h application of the PDS is known to be a pollution degree 2€nvironment,

I coatings applied within the PDS according, t0:4.3.6.8.4.2 or 4.3.6.8.6 provide
ainst what is expected in pollution degree 3."and 4 (conductive pollution and

degree 4 is required, protection. @hall be provided by means of a suitable

2 Modification:

pplicable.

P Modification to add the following:

Pollution degr¢e 1 is.obtainable by the encapsulation or hermetic sealing of the product.

Typical constry

ctions that meet this requirement are:

a) The use of conformal coating on printed wiring board foil traces that complies
with the requirements for Conformal Coatings in the Standard for Polymeric
Materials — Electrical Equipment Evaluations, UL 746C;

b) The u

se of any potting material or encapsulation, such as epoxy;

c) The use of silicone rubber at a thickness of at least 1/32 in (0,8 mm);

d) The u

se of a case or enclosure that is hermetically sealed against the entrance of

an external atmosphere by means of fusion — such as from soldering, brazing,
welding, or the fusion of glass to metal.
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4.3.6.1.2DV.3 D2 Modification to add the following:

Pollution degree 2 is obtainable by reducing possibilities of conductive pollution and
reducing possibilities of condensation or high humidity at the creepage distances:

a) Typical constructions that reduce the possibility of conductive pollution are:
1) The use of an un-ventilated enclosure; or

2) The use of a ventilated enclosure when all ventilation openings are filtered.

b) Typi¢al constructions that reduce the effects of condensation or high humidity
are:

1) The use of a ventilated enclosure;
2) The continuous application of heat through the use of heaters;

3) The application of heat through continuous energization of the’equipment,
with interruptions such that cooling to the point of condensation does not
gccur; or

4) The use of any coatings, such as solder masking, on printed wiring board
foil traces.

4.3.6.1.3 Overvoltage category

The concept of overvoltage categories (based on IEC 60364-4-44 and IEC 60664-1) is used for equipment
energized from the supply mains. Four categories are considered:

» category IV applies td equipment permanently connécted at the origin of an INSTALLATION (upstream of
the main distribution bgard). Examples are electricity meters, primary overcurrent protection equipment
and other equipment cgnnected directly to outd@oropen lines;

« category lll applies t¢ equipment permanently connected in fixed INSTALLATIONS (downstream of, and

including, the main digtribution board): Examples are switchgear and other equipment in an industrial
INSTALLATION;

« category |l applies td equipment not permanently connected to the fixed INSTALLATION. Examples are
appliances, portable toqls and-ether plug-connected equipment;

» category | applies to-equipment—connected—to—a—circtit-wheremeastireshavebeen—takentoreduce—

transient overvoltages to a low level.

Annex B shows examples of overvoltage category considerations for insulation requirements.

NOTE For PDS not intended to be powered from the supply mains, the appropriate overvoltage category should be determined as
required by the application.

4.3.6.1.3DV D2 D2 Modification to add the following:

PDs shall be evaluated at least as Overvoltage Category lll.
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4.3.6.1.4 Supply earthing systems

IEC 60364-1 describes t

he three following basic types of earthing system.

* TN system: has one point directly earthed, the accessible conductive parts of the INSTALLATION being
connected to that point by protective conductors. Three types of TN system, TN-C, TN-S and TN-C-S, are

defined according to the

arrangement of the neutral and protective conductors. A corner-earthed system is

a TN system with one phase earthed.

» TT system: has one point directly earthed, the accessible conductive parts of the INSTALLATION being

connected to earth eleg
corner-earthed system i

* IT system: has all LIVE
the accessible conduct
earthing system.

In a PDS designed for o

« insulation betwsg

rtrodes—etectricatty imdependent of the—earthretectrodesof thepower system—A——

5 a TT system with one phase earthed.

PARTS isolated from earth or one point connected to earth through an impedance,
ve parts of the INSTALLATION being earthed independently or collectively-to the

beration on a corner-earthed system, the

pen phases of the mains supply, including the earthed phasej;may be designed for

functional insulatjon according to clause 4.3.6.3, and

« circuits within the pDs/cDM/BDM directly connected to any phase of-a.corner-earthed system shall

be separated fro
4.3.6.1.4DV DR
4.3.61.4DVAT

4.3.6.1.4DV.2p

earthed parts by at least basic insulation.
Modification:
he use of a TT system is not applicable.

ps/cDM/BDM intended for connection to TN corner earthed systems shall be

investigated fof a STRAIGHT VOLTAGE RATING-according to 6.2DV.2.1.5(a).

4.3.6.1.4DV.3 P
TN high-leg de

bs/CDM/BDM intended for-connection only to TN non-corner earthed systems,
ta earthed systems; or IT systems shall be investigated for a SLASH VOLTAGE

RATING according to 6.2DV.2.1.5(b):

4.3.6.1.5 Insulation v¢

Table 7 and Table 8 use

pltages

the 'SYSTEM VOLTAGE of the circuit under consideration and overvoltage category to

define the impulse voltage:The SYSTEM VOITAGE is also used to define the TEMPORARY QVERVOITAGE.
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Table 7
Insulation voltage for low voltage circuits

Column 1 2 3 | 4 | 5 6
SYSTEM VOLTAGE Impulse voltage OIIEEXKI%?#/?GYE
(4.3.6.2.1) V) (crest value /r.m.s.) ?
V) Overvoltage category (\))]
| 1l ]| \%
<50 330 500 800 1500 1770/1 250
100 560 860 +566 2-5660 +840+1366
150 800 1500 2500 4000 1910/1 350
300 1500 2500 4000 6 000 2120/ 1500
600 2500 4 000 6 000 8 000 2550/1 800
1000 4000 6 000 8 000 12 000 3110/2 200
Interpolation of SYSTEM VQLTAGE is not permitted when determining the impulse voltage for mains supply. Interpolation of
SYSTEM VOLTAGE is pernfitted when determining the TEMPORARY OVERVOLTAGE for mains supply.
NOTE The last row only apglies to single-phase systems, or to the phase-to-phase voltage in threephase systems:
SOURCE: IEC 62477-1:201p, Table 9
@ These values are derived ysing the formula (1 200 V + SYSTEM VOLTAGE) from IEC 60664-1.

Table 8
Insulation voltage for high voltage circuits
Column 1 2 | 3 | 4 | 5 6
SYSTEM VOLTAGE Impulse voltage TEMPORARY
(4.3.6.2.1) V) OVERVOLTAGE
(crest value /r.m.s.)
v) Overvoltage Category (V)
1 Il ] v
> 1000 4000 6 000 8 000 12 000 4250/ 3000
3600 90002 16 0002 20000° 40000 ° 14150/ 10 000 °
7200 17 500 2 29 000-3 40000° 60000 ° 28 300/20 000 °
12 000 D9 000 2 42500 2 60 000 ® 75000 ° 39600/28 000"
17 500 10 000 @ 550002 75000° 95000° 53 750/38 000"
24 000 52 000 @ 75000 @ 95000 ° 125000 ° 70 700/ 50 000 °
36 000 75 000 2 95000 @ 125000 ° 145000 ° 99 000/ 70 000 °
NOTE 1 Interpolation is permitted.
@ These values have been dprived or extrapolated from Tables 4 and 5 of IEC 62103: 2003.
® These values have been derived or extrapolated from Table 2 of IEC 6007 1-1:2006.
¢ This value has been taken from IEC 60146-1-1, Ed. 4 (in preparation).

4.3.6.2

4.3.6.21

General

Insulation to the surroundings

Insulation for BASIC, SUPPLEMENTARY, and REINFORCED INSULATION between a circuit and its surroundings
shall be designed according to:

» the impulse voltage,
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or

* the TEMPORARY OVERVOLTAGE,

or

« the WORKING VOLTAGE of the circuit.

NOTE 1 For creepag

e distances, the r.m.s. value of the WORKING VOLTAGE is used. For clearance distances and solid

insulation, the recurring peak value of the WORKING VOLTAGE is used, as described in 4.3.6.2.2104.3.6.2.4.

NOTE 2 Examples o
indirect voltage sour
power supply.

The impulse voltage an

WORKING VOLTAGE with the combination of a.c., d.c. and recurring peaks are on the d.c. link of an
Ce converter, or the damped oscillation of a thyristor snubber, or internal voltages of a switch-mode

] TEMPORARY OVERVOLTAGE depend on the SYSTEM VOLTAGE of the circuit,{and the

impulse voltage also depends on the overvoltage category, as shown in Table 7 (for LOW-VOLTAGEPDS) and

Table 8 (for HIGH-VOLTAG
The SYSTEM VOLTAGE in
*ForTable 7

—in TN and TT sy

NOTE A co
r.m.s. value

—in three-phase

E PDS).

olumn 1 of these tables is:

stems: the r.m.s. value of the rated voltage between a‘phase and earth;

ner-earthed system is a TN system with one phase earthed,*in which the SYSTEM VOLTAGE is the
of the rated voltage between a non-earthed phase and earth (i.e. the phase-phase voltage).

T systems:

« for deteqmination of impulse voltage, the r.m\s. value of the rated voltage between a phase

and an ar

NG

» for detd
between

—in single-phase
* For Table 8: the rrm.s.

NOTE 3 For both tables, wher

ificial neutral point (an imaginary_junction of equal impedances from each phase);

TE For most systems, this is equivalent to dividing the phase-to-phase voltage by V3.

prmination of TEMPORARY OVERVOLTAGE, the r.m.s. value of the rated voltage
pbhases;

IT systems: the.r’m.s. value of the rated voltage between phases.

alue of the rated voltage between phases.

the supply voltage is rectified a.c., the SYSTEM VOLTAGE is the r.m.s. value of the source a.c. before

rectification, taking into account the'supply earthing system.

NOTE 4 Voltages generated within the PDS by the secondaries of transformers providing galvanic isolation from the supply mains

are also considered to be SYS

TEM VOLTAGES for the determination of impulse voltages.

NOTE 5 For PDS having series-connected diode bridges (12-pulse, 18-pulse, etc.), the SYSTEM VOLTAGE is the sum of the a.c.

voltages at the diode bridges.

4.3.6.2.1DV D2

Modification:

4.3.6.2.1DV.1 For evaluating the clearances and creepage distances between uninsulated
LIVE PARTS and the surface on which the equipment is mounted, the mounting surface is

evaluated as part of an enclosure, unless any deformation of the enclosure will not reduce

the clearances
LIVE PART.

and creepage distances between the mounting surface and any uninsulated
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4.3.6.2.1DV.2 The system voltage for Table 7 and Table 8 shall be according to the higher
value given by the following:

a) Thela

and

b) The |

rgest RATED VOLTAGE for equipment rated in accordance with 6.2DV.2.1.5(a);

argest lower RATED VOLTAGE for equipment rated in accordance with

6.2DV.2

1.5(b).

4.3.6.2.1DV.3 For BDM/CDM/PDS intended to receive power partially or fully from photovoltaic
(PV) modules and panels, the system voltage of Table 7 shall be the larger of the mains

voltage or the
BCM/CDM/PD

E’V open-circuit line to ground voltage at the PV power input of the

4.3.6.2.2 Circuits connected directly to the supply mains

Insulation between the
designed according to
gives the most severe r

This insulation is norn
overvoltage category |
Overvoltage category

surroundings and circuits which are connected directly to the supply mains shall be
the impulse voltage, TEMPORARY OVERVOLTAGE, Or WORKING VOLTAGE, whichever
bquirement.

pally evaluated to withstand impulses of overvoltage category lll, except that
V shall be used when the PDS is connected at th&yorigin of the INSTALLATION.
I may be used for plug-in equipment connected/to a supply for non-industrial

purposes without special requirements with regard to reliability.

If measures are provid
values of category Il to
reduced values. If the
impulses, thus decreas
their status provided. R

and use of such device$.

The requirements for D
impulses are provided.

NOTE Circuits which are co
voltage limitation, according t

4.3.6.2.2DV D2

bd which reduce impulses of overvoltage Category IV to values of category lll, or
values of category Il, BASIC or SUPPLEMENTARY INSULATION may be designed for the
devices used for this purpose canZbe damaged by overvoltages or repeated
ing their ability to reduce impulses; they shall be monitored and an indication of
or low-voltage applications, IEC-61643-12 provides information on the selection

OUBLE or REINFORCED INSULATION shall not be reduced when measures to reduce

nected to the supply mains via PROTECTIVE IMPEDANCES, according to 4.3.4.3, or via means of
b 4.3.4.4, are_riotyegarded as connected directly to the supply mains.

Modification to add the following:

PDS shall be ey

4.3.6.2.3 Circuits not

Insulation between the
from the supply mains
transformer secondary

aluated at least as Overvoltage Category lll.

connected directly to the supply mains

surroundings and circuits supplied by a transformer providing galvanic isolation
shall be designed according to: a) the impulse voltage determined using the
voltage as the SYSTEM VOLTAGE; or b) the WORKING VOLTAGE, whichever gives the

more severe requirement.

This insulation is normally evaluated to withstand impulses of overvoltage category Il, except that

overvoltage category Il

shall be used when the PDS is connected at the origin of the INSTALLATION.


https://ulnorm.com/api/?name=UL 61800-5-1 2022.pdf

60 UL 61800-5-1 JUNE 24, 2022

If measures are provided which reduce impulses of overvoltage category Il to values of category I, or, for
LOW-VOLTAGE PDS only, values of category Il to values of category |, BASIC or SUPPLEMENTARY INSULATION

may be designed for the reduced value. If the devices used for this purpose can be damaged by
overvoltages or repeated impulses, thus decreasing their ability to reduce impulses, they shall be
monitored and an indication of their status provided. For low-voltage applications, IEC 61643-12 provides
information on the selection and use of such devices.

The requirements for DOUBLE or REINFORCED INSULATION shall not be reduced when measures to reduce
impulses are provided.

Insulation between the surroundings and circuits of Dvc A or B _supplied by a fransformer at a frequency

other than that of the gupply mains, or supplied by other means providing galvanic isolation from the
supply mains, shall be ejaluated according to the WORKING VOLTAGE (recurring peak) of the circuit.

4.3.6.2.4 Insulation between circuits

Insulation between twq circuits shall be designed according to the circuit having the .more severe
requirement.

4.3.6.2.4DV.1 DR Modification to add the following.

Conductors of different circuits must be separated, unless <all conductors have an
insulation rating equal to at least the maximum voltage of any)of the circuits. See also
DVC.1.1.3.

4.3.6.2.4DV.2 DR Modification to add the following:

4.3.6.2.4DV.2.1|Class 1, Class 2, and Class 3 remote-control, signaling, and power-limited
circuits

4.3.6.2.4DV.2.111 In the field-wiring area;provisions for wiring for Class 2 and Class 3
circuits must meet the requirements for separation from Class 1 circuits in accordance
with Section 725 of the National Electrical Code, ANSI/NFPA 70. See also DVC.1.1.3.

4.3.6.3 FUNCTIONAL INJULATION

For parts or circuits tha{ are net significantly affected by external transients, FUNCTIONAL INSULATION shall
be designed according tp . the WORKING VOLTAGE across the insulation.

For parts or circuits that are significantly affected by external transients, FUNCTIONAL INSULATION shall be
designed according to the impulse voltage of overvoltage category Il, except that overvoltage category Il
shall be used when the PDs is connected at the origin of the INSTALLATION.

Where measures are provided which reduce transient overvoltages within the circuit from category Ill to
values of category Il, or values of category Il to values of category |, FUNCTIONAL INSULATION may be
designed for the reduced values.

Where the circuit characteristics can be shown by testing (see 5.2.3.1) to reduce impulse voltages,
FUNCTIONAL INSULATION may be designed for the highest impulse voltage occurring in the circuit during the

tests.
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4.3.6.4

4.3.6.3DV DE Modification for clarification:

Where the circuit analysis required by 4.2 shows that failure of the FUNCTIONAL INSULATION
could result in a hazard, the FUNCTIONAL INSULATION shall meet the requirements and tests
for BASIC INSULATION. See 4.3.6.8.2.3 for additional information.

Clearance distances

4.3.6.4DV.1 D1 Modification to add the following:

4.3.6.4DV.1.1 Nleasurement considerations

4.3.6.4DV.1.1.1 Clearance distances at field wiring terminals shall comply with the
requirements [n Annex DVF, unless the design of the field wiring terminals precludesthe
possibility of neduced clearances due to stray strands or improper wiring INSTALLATION, in
which case th¢ requirements of the remainder of this clause are applicable.

4.3.6.4DV.1.1.2 The clearance distances at fuses and fuseholders are to be measured with
the fuses havihg maximum standard dimensions in place, and shall be at least the
spacings spedified for the clearance and creepage distances to comply with Table 9 and
Table 10.

4.3.6.4DV.1.1.3 For an enclosure without conduit openings or.knockouts, spacings not less

than the mininhum specified in Annex DVF shall be provided between uninsulated LIVE
PARTS and a clgnduit bushing installed at any location to’be used during INSTALLATION. A

permanent marking on the enclosure, a template, or a.full-scale drawing furnished with the
equipment is Usable to identify such locations.

4.3.6.4DV.1.1.4 For the spacing between an uninsulated LIVE PART and a bushing installed in
a knockout, it |s to be assumed that a bushing having the dimensions specified in Table
4.3.6.4DV.1 is in place, in conjunction with’' a single locknut installed on the outside of the
enclosure.

Table 4.3.6.4DV.1
Dimensions of Bushings

Trade size of Bushing dimensions, in (mm)
conduit, in Maximum overall diameter Height

1/2 1 (25,4) 3/8 (9,5)

3/4 1-15/64 (31,4) 27/64 (10,7)

1 1-19/32 (40,5) 33/64 (13,1)
1-1/4 1-15/16 (49,2) 9/16 (14,3)
1-1/2 2-13/64 (56,0) 19/32 (15,1)

2 2-45/64 (68,7) 5/8 (15,9)
2-1/2 3-7/32 (81,8) 3/4 (19,1)

3 3-7/8 (98,4) 13/16 (20,6)
3-1/2 4-7116 (113) 15/16 (23,8)

4 4-31/32 (126) 1 (25,4)

5 6-7/32 (158) 1-3/16 (30,2)

6 7-7/32 (183) 1-1/4 (31,8)
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