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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.
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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.



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

46

UL 61800-5-1 JUNE 24, 2022

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;
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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 :


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

JUNE 24, 2022 UL 61800-5-1 53

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.
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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)



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

62

UL 61800-5-1 JUNE 24, 2022

4.3.6.4DV.1.1.5
measured thro
with the test re
C.1DV.

4.3.6.4DV.2 D1

For Clamped insulating joints, clearance and creepage distances shall be
ugh cracks illustrated in Figure C.1DV.1 unless the clamped joint complies
quirements in 5.2.13DV and complies with the additional requirements in

Modification to add the following:

4.3.6.4DV.2.1 Feeder circuits

4.3.6.4DV.2.1.1 [Equipment rate
circuit, on the ljne side of branch circuit protective devices, shall comply with Table
4.3.6.4DV.2.
Table 4.3.6.4DV.2
Equipment Intended for INSTALLATION in a Feeder Circuit
Minimum clearances and creepage distances in inches (mm)
Voltage Between uninsulated parts of opposite Between uninsulated parts on line side and
betw:en polarity on line side any grourided dead metal
parts - -

involved Creepage distance Clearance Creepage distance Clearance

0-125 3/4 (19,1) 1/2 (12,7) 12 (12,7) 112 (12,7)

126 — 250 1-1/4 (31,8) 3/4 (19,1) 12 (12,7) 12 (12,7)

251 - 600 2 (50,8) 1 (25,4) 1 (25,4) 1 (25,4)

4.3.6.4.1 Determination

Table 9 defines the
SUPPLEMENTARY INSULAT

Clearances for use in al
according to Table A.2
atmospheric pressure a
2000 m above sea level

To determine clearanceq

 for LOW-VOLTAGE PDS,

minimum clearance distances required to provide FUNCTIONAL, BASIC, or
ON (see Annex C for examples of clearance distances).

itudes between 2 000 m and 20 000 m shall be calculated with a correction factor
of IEC 60664-1, which is reproduced as Clearances in air are a function of the
cording to Paschen's Law. Clearance distances provided in Table 9 are valid up to
Clearances above 2000 m must be multiplied by the factor provided in Table D.1.

for REINEORCED INSULATION from Table 9:

the value corresponding to the next higher impulse voltage, or 1,6 times the

TEMPORARY OVERVOLTAGE, or 1,b times the WORKING VOLTAGE shall be used (see [EC bUbb4-1:2007, 5.1.6

and IEC 62477-1: 2012,

e for HIGH-VOLTAGE PD

4.4.7.4.1);

S, the value corresponding to 1,6 times the impulse voltage, TEMPORARY

OVERVOLTAGE Or WORKING VOLTAGE shall be used.

Clearances for REINFORCED INSULATION between circuits connected directly to the supply mains and other

circuits shall not be redu

ced when measures to reduce transient overvoltages are provided.

The compliance of clearances shall be verified by visual inspection (see 5.2.2.1) and if necessary by
performing the impulse voltage test of 5.2.3.1 and the a.c. or d.c voltage test of 5.2.3.2.
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Figure E.1 and Table E.1 provide informative guidance for determination of clearances for frequencies

above 30 kHz.

Table 9
Clearance distances
Column 1 2 3 4 5 6
Impulse voltage TEMPORARY WORKING VOLTAGE Minimum clearance
(Table 7, Table 8, OVERVOLTAGE (recurring peak) mm
4.3.6.3) (crest val_uc_e) _ for dgtermmmg Pollution degree
for determining insulation between
insulation between surroundings and
surroundings and circuits
circuits
or
WORKING VOLTAGE
(recurring peak)
for determining
FUNCTIONAL
INSULATION
V) V) V) 1 2 3
N/A <110 <71 0,01 0,202 0,80
N/A 225 141 0,01 0,20 0,80
330 340 212 0,01 0,20 0,80
500 530 330 0,04 0,20 0,80
800 700 440 0,10 0,20 0,80
1500 960 600 0,50 0,50 0,80
2500 1600 1000 1,5
4000 2600 1600 3,0
6 000 3700 2300 55
8 000 4 800 3.000 8,0
12000 7 400 4600 14
20 000 12 000 7 600 25
40 000 26 000 16 000 60
60 000 37 000 23000 90
75000 48 000 30000 120
95 000 61 000 38 000 160
125000 80,000 50 000 220
145000 99/000 60 000 270
NOTE 1 Interpolation is perritted.
NOTE 2 Examples of clearahce.distances are given in Annex C.
NOTE 3 Clearances for TEMPORARY OVERVOLTAGE and WORKING VOLTAGE have been derived from Table A.1 of IEC
60664-1. In column 2, the voltage is approximately 80 % of the withstand voltage; in column 3, the voltage is approximately 50 %
of the withstand voltage.
20,1 mm on PWB

4.3.6.4.1DV.1 DE Modification to add the following informative note:

Use of Table 9 for determination of required clearances from mains connected circuits to
earth is as follows:

* Determine impulse voltage from Table 7 for the circuit based on the SYSTEM VOLTAGE
and appropriate overvoltage category


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

64

UL 61800-5-1 JUNE 24, 2022

* Enter Table 9 column 1 with the impulse voltage value determined above

* Verify that voltages in the circuit do not exceed the values indicated in columns 2
and 3

« If either of the values in columns 2 and 3 are exceeded then the appropriate row for
the higher value shall be used for determining the minimum clearance

¢ If the values in columns 2 and 3 are not exceeded then the row for the impulse
voltage shall be used for determining the minimum clearance based on the pollution

degree in columns 4, 5 and 6

For columns 2

Lnd 3, see the definition of WORKING VOLTAGE in 3.43.

4.3.6.4.1DV.2 DR Modification to add the following:

4.3.6.4.1DV.2.1

4.3.6.4.1DV.21

Special coatings

1 Spacings required to be greater than 1/32 in (0,8 mm) may.be reduced to

1/32 in (0,8 mm)) on a printed wiring board when the printed wiring board-spacings are:

a) Covered by a layer of silicone rubber at least a 1/32 in (0,8 mm) thick; or

b) Enca

sulated by epoxy or potting material, without.air bubbles. The silicone

rubber gnd the potting material, when used, shall comply with the Standard for Tests
for Flammability of Plastic Materials for Parts in Devices and Appliances, UL 94, or
the Standard for Polymeric Materials — Long Term Property Evaluations, UL 746B, or

the Sta
746C.

dard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL

4.3.6.4.2 Electric field homogeneity

The dimensions in Tablg 9 correspond to therequirements of an inhomogeneous electric field distribution

across the clearance,
electric field distribution

which are the conditions normally experienced in practice. If a homogeneous
s known to exist,)and the impulse voltage is equal to or greater than 6 000 V for a

circuit connected direcfly to the supply mains or 4 000 V within a circuit, the clearance for BASIC or
SUPPLEMENTARY INSULATION may<{be reduced to not less than that required by Table 2 Case B of

IEC 60664-1. In this ¢
clearance.

ase, hawever, the impulse voltage test of 5.2.3.1 shall be performed on the

Clearances for REINFORCED INSULATION shall not be reduced for homogeneous fields.

4.3.6.4.3 Clearance to conductive enclosures

The clearance between any non-insulated LIVE PART and the walls of a metal enclosure shall be in
accordance with 4.3.6.4.1 following the deformation tests of 5.2.2.5.

If the design clearance is at least 12,7 mm and the clearance required by 4.3.6.4.1 does not exceed 8 mm,
the deformation tests may be omitted.
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4.3.6.4.3DV.1 D2 Modification of 4.3.6.4.3:

When the deformation tests of 5.2.2.5 are required, only the deflection test according to

5.2.2.5.2isreq

uired.

4.3.6.5 Creepage distances

4.3.6.5DV.1 D1

Modification:

design of th

field wiring terminals precludes the possibility of reduced creepagé

Creepage dis}ances at field wiring terminals shall comply with Annex DVF, unless the

distances du
requirements

4.3.6.5DV.2 D1

to stray strands or improper wiring INSTALLATION, in which case (the
bf the remainder of this clause are applicable.

Modification:

Equipment rated 600 V or less and intended for INSTALLATION in a feeder circuit, on the line

side of branch

4.3.6.5DV.3 D2
4.3.6.5DV.3.1 S

Spacings of ¢
printed wiring

circuit protective devices, shall comply with Table 4.3.6.4DV.2.

Modification to add the following:
pecial coatings

nly 1/32 in (0,8 mm) on a printed.wiring board are acceptable when the
board spacings are:

a) Cov

b) Enc
rubber
for Fla
the Sta
the Sta
746C.

4.3.6.5.1 General

ed by a layer of silicone rubber at least a 1/32 in (0,8 mm) thick; or

sulated by epoxy or potting material, without air bubbles. The silicone

nd the potting material,'when used, shall comply with the Standard for Tests
mability of Plastic. Materials for Parts in Devices and Appliances, UL 94, or
dard for Polymeric Materials — Long Term Property Evaluations, UL 746B, or
dard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL

Creepage distances shall be large enough to prevent long-term degradation of the surface of solid

insulators, according to

Table 10.

For FUNCTIONAL, BASIC and SUPPLEMENTARY INSULATION, the values in Table 10 apply directly. For
REINFORCED INSULATION, the distances in Table 10 shall be doubled.

When the creepage distance determined from Table 10 is less than the clearance required by 4.3.6.4.1 or
the clearance determined by impulse testing (see 5.2.3.1), then it shall be increased to that clearance.

Creepage distances shall be verified by measurement or inspection (see 5.2.2.1) (see Annex C for
examples of creepage distances).


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

66

UL 61800-5-1 JUNE 24, 2022

Figure E.2 and Table E.2 provide informative guidance for determination of creepage distances for
frequencies above 30 kHz.

4.3.6.5.1DV DE

Modification to clarify:

The WORKING VOLTAGE in column 1 of Table 10 is the RMS value of the WORKING VOLTAGE
across the creepage distance.

4.3.6.5.2 Materials

Insulating materials are
when tested according t

* Insulating material grg
* Insulating material grg
* Insulating material grq

* Insulating material grq

Creepage distances or

classified into four groups corresponding to their comparative tracking index (CTI)
b 6.2 of IEC 60112:

CTI = 600;
600 > CTI =400;
400 > CTI 2175;
175> CT1 = 100.

up |
up Il
up llla
up llIb

printed wiring boards (PWBs) exposed to pollution” degree 3 environmental

conditions shall be deteimined based on Table 10 Pollution degree 3 under¥Other insulators”.

If the creepage distanc
applied using insulating
may be applied using in
high at least. The spacin

For inorganic insulating
may equal the associate

 is ribbed, then the creepage distance of insulating material of group | may be
material of group Il and the creepage distance of insulating material of group Il
sulating material of group Ill. Except at-pollution degree 1 the ribs shall be 2 mm
g of the ribs shall equal or exceed the{dimension ‘X in Table C.1.

materials, for example glass or ceramic, which do not track, the creepage distance
d clearance, as determined from Table 9

Table 10
Creepage distances (mm)
Column 1 2 B s~ s | e [ 7 ] 8 | 9 | 10 | 1 | 1
WORKING PWBs? Other insulators
VOLTAGE Pollution degree Pollution degree
(r.m.s.)
1 D 1 2 3
Insulating material group Insulating material group
V) b c b I I llia lib I I lla lib
<2 0,025 0,04 0,056 0,35 0,35 0,35 0,87 0,87 0,87
5 0,025 0,04 0,065 0,37 0,37 0,37 0,92 0,92 0,92
10 0,025 0,04 0,08 0,40 0,40 0,40 1,0 1,0 1,0
25 0,025 0,04 0,125 0,50 0,50 0,50 1,25 1,25 1,25
32 0,025 0,04 0,14 0,53 0,53 0,53 1,3 1,3 1,3
40 0,025 0,04 0,16 0,56 0,80 1,1 1,4 1,6 1,8
50 0,025 0,04 0,18 0,60 0,85 1,20 1,5 1,7 1,9

Table 10 Continued on Next Page
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Table 10 Continued

Column1 | 2 3 4 5 | e | 7 | 8 | 9 [ 10 1n | 12
WORKING PWBs? Other insulators
VOLTAGE Pollution degree Pollution degree
(r.m.s.)
1 2 1 2
Insulating material group Insulating material group
(V) b c b I I lla lib I I lla b
63 0,04 0,063 0,20 0,63 0,90 1,25 1,6 1,8 2,0
80 0,063 Q.10 022 067 095 13 17 19 21
100 0,10 q,16 0,25 0,71 1,0 1,4 1,8 2,0 2,2
125 0,16 a,25 0,28 0,75 1,05 1,5 1,9 21 2,4
160 0,25 q,40 0,32 0,80 1,1 1,6 2,0 2,2 2,5
200 0,40 d,63 0,42 1,0 1,4 2,0 25 2,8 3,2
250 0,56 ,0 0,56 1,25 1,8 2,5 3,2 3,6 4,0
320 0,75 ,6 0,75 1,6 2,2 3,2 4,0 4,5 5,0
400 1,0 .0 1,0 2,0 2,8 4,0 5,0 5,6 6,3
500 1,3 P.5 1,3 2,5 3,6 5,0 6,3 7,1 8,0
630 1,8 B,2 1,8 3,2 4,5 6,3 8,0 9,0 10,0
800 2,4 1,0 24 4,0 5,6 8,0 10,0 11 12,5 e
1000 3,2 b,0 3,2 5,0 71 10,0 12,5 14 16
1250 4,2 b,3 4,2 6,3 9 12,5 16 18 20
1600 f f 5,6 8,0 11 16 20 22 25
2000 7,5 10,0 14 20 25 28 32
2500 10,0 12,5 18 25 32 36 40
3200 12,5 16 22 32 40 45 50
4000 16 20 28 40 50 56 63
5000 20 25 36 50 63 71 80
6 300 25 32 45 63 80 90 100
8 000 32 40 56 81 100 110 125
10 000 40 50 7 100 125 140 160
12 500 50 63 90 125 d d d
16 000 63 80 110 150
20 000 80 100 140 200
25000 100 125 180 250
32000 125 160 220 320

NOTE Interpolation is permitfed.

tolerances.

b All material groups

¢ All material groups except Illb

2 These columns also apply to components and parts on PWBs,
and to other creepage distances with a comparable control of

9 Values for creepage distances are not determined for this

range.

¢ Insulating materials of group llib are not normally

recommended for pollution degree 3 above 630V.

fabove 1 250 V use the values from columns 4 to 11, as

appropriate.

4.3.6.6 Coating

A coating may be used to provide insulation, to protect a surface against pollution, and to allow a reduction
in creepage and clearance distances (see 4.3.6.8.4.2 and 4.3.6.8.6).
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4.3.6.7 PWB spacings for FUNCTIONAL INSULATION

Spacings for FUNCTIONAL INSULATION on a PWB which do not comply with 4.3.6.4 and 4.3.6.5 are permitted
when all the following are satisfied:

« the PWB has a flammability rating of V-0 (see IEC 60695-11-10);
» the PWB base material has a minimum CTI of 100;

« the equipment complies with the PWB short-circuit test (see 5.2.2.2).

On PWB creepage and flearance distances for FUNCTIONAL INSULATION at working voltages less than 80 \/
(rm.s.)or 110V (recurring peak) are permitted to be evaluated according to pollution degree 1 if the tracks
are covered with a suitable coating.

4.3.6.7DV D2 Modification:

The requirements in the second paragraph are not applicable. See 4.3.6.6.

4.3.6.8 Solid insulatign
4.3.6.8DV D2 Modification:
For solid insujation evaluation, impulse voltage test and partial discharge test are not
required.
4.3.6.8.1 General

Materials selected for dolid insulation shall be able-to withstand the stresses occurring. These include
mechanical, electrical, thermal and climatic stresses which are to be expected in normal use. Insulation
materials shall also be r¢sistant to ageing during the EXPECTED LIFETIME of the PDS.

Tests shall be performed on components jand subassemblies using solid insulation, in order to ensure that
the insulation performance has not been compromised by the design or manufacturing process.

Components that compgly with\a’relevant product standard which provides equivalent requirements to
those of this standard dp net require separate evaluation. Assemblies containing such components shall
be tested according to therequirements of this standard.

4.3.6.8.1DV D2 Modification:

Compliance with the applicable test requirements of this standard satisfies the ageing
requirement for insulation materials.

4.3.6.8.2 Requirements for electrical withstand capability

4.3.6.8.2.1 Basic or supplementary insulation:
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« Test with impulse withstand voltage according to 5.2.3.1, column 2 or column 4 of Table 19, or Table 20,
column 2 or 4, as appropriate;

and

» Test with a.c. or d.c.
appropriate.

voltage according to 5.2.3.2, column 2 of Table 21, Table 22, or Table 23, as

4.3.6.8.2.1DV D2 Modification:

For solid insulation evaluation, impulse voltage testis not required.

4.3.6.8.2.2 DOUBLE an

* Test with impulse wit
column 3 or 5 as appro

and

* test with a.c. or d.c.
appropriate;

and

* partial discharge test
greater than 750 Vand

1

d REINFORCED INSULATION:

stand voltage according to 5.2.3.1 Table 19, column 3 or column 5,cer-Table 20,
riate;

voltage according to 5.2.3.2, column 3 of Table 21,Table 22, or Table 23, as

according to 5.2.3.3, if the recurring peak‘working voltage across the insulation is
he voltage stress on the insulation is greater than 1 kV/mm.

NOTE The voltage sfress is the recurring peak voltage divided by.the distance between two parts of different potential.

The partial discharge te
In addition, a SAMPLE TH

st shall be performed as a TYPE TEST on all components, subassemblies and PWB.
ST shall be performed if the\insulation consists of a single layer of material.

DOUBLE INSULATION shdll be designed so.that failure of the BASIC INSULATION or of the SUPPLEMENTARY

INSULATION will not resu

4.3.6.8.2.3 Functional

FUNCTIONAL INSULATION

t in reduction of theyinsulation capability of the remaining part of the insulation.

insulation

shall comply with the requirements of 4.3.6.3. Testing is not required, except where

the circuit analysis req

ired by 4.2 shows that failure of the insulation could result in a hazard. In these

cases, the insulation shplhmeet the requirements and tests for BASIC INSULATION.

4.3.6.8.3 Thin sheet or tape material

4.3.6.8.3.1 General

Subclause 4.3.6.8.3 applies to the use of thin sheet or tape materials in assemblies such as wound
components and bus-bars.

4.3.6.8.3 also applies
standards.

to components providing insulation. See 4.3.6.8.1 for the use of component
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Insulation consisting of

thin (less than 0,75 mm) sheet or tape materials is permitted, provided that it is

protected from damage and is not subject to mechanical stress under normal use.

Where more than one layer of insulation is used, there is no requirement for all layers to be of the same

material.

NOTE 1 One layer of insulation tape wound with more than 50 % overlap is considered to constitute two layers.

NOTE 2 BASIC, SUPPLEMENTARY and DOUBLE INSULATION may be applied as a pre-assembled system of thin materials.

4.3.6.8.3.2 Material thi

cknass notlassthan 0 2 mm
H

* BASIC or SUPPLEMENTA
requirements of 4.3.6.8.

RY INSULATION shall consist of at least one layer of material, which will meet the
| and 4.3.6.8.2.1.

* DOUBLE INSULATION s
requirements of 4.3.6.8

hall consist of at least two layers of material, each of which willcmeet the
1, 4.3.6.8.2.1, and the partial discharge requirements of 4.3.6.8.2.2) and both

layers together will meef

* REINFORCED INSULATIO

4.3.6.8.1and 4.3.6.8.2.4.

the impulse and a.c. or d.c. voltage requirements of 4.3.6.8.2.2.

N shall consist of a single layer of material, which will meet the requirements of

NOTE The requirements of th
INSULATION is permitted to b

4.3.6.8.3.3 Material thi

* BASIC Or SUPPLEMENTA
requirements of 4.3.6.8.

is subclause indicate that DOUBLE INSULATION will be at least, 0)4 mm thick, while REINFORCED
b 0,2 mm thick.

ckness less than 0,2 mm

RY INSULATION shall consist of at leastwone layer of material, which will meet the
| and 4.3.6.8.2.1.

* DOUBLE INSULATION §
requirements of 4.3.6.8

hall consist of at least three “layers of material. Each layer shall meet the
1 and 4.3.6.8.2.1, and any_two layers together shall meet the requirements of

4.3.6.8.2.2.
* REINFORCED INSULATION
4.3.6.8.3.4 Complianc

Compliance is checked

consisting of a single layer of material is not permitted.

14

Dy the tests described in 5.2.3.1 10 5.2.3.3.

When a component or

sub-assembly makes use of thin _sheet insulating materials, it is permitted to

perform the tests on the

component rather than on the material.

4.3.6.8.4 Printed wiring boards (PWBs)

4.3.6.8.4.1 General

Insulation between conductor layers in double-sided single-layer PWBs, multi-layer PWBs and metal core

PWBs, shall meet the
INSULATION shall meet th

requirements of 4.3.6.8.1. BASIC, SUPPLEMENTARY, DOUBLE and REINFORCED
€ appropriate requirements of 4.3.6.8.2.1 or 4.3.6.8.2.2. FUNCTIONAL INSULATION in

PWBs shall meet the requirements of 4.3.6.8.2.3.

For the inner layers of multi-layer PWBs, the insulation between adjacent tracks on the same layer shall be

treated as either:
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* a creepage distance for pollution degree 1 and a clearance as in air (see Example C.14 of Annex C);

or

« solid insulation, in whi

ch case it shall meet the requirements 0f 4.3.6.8.1 and 4.3.6.8.2.

4.3.6.8.4.1DV.1 D2 Modification to add the following:

PWB shall conform with the Standard for Printed-Wiring Boards, UL 796 or the Standard for

Flexible Mate
identified as s|
V2.

4.3.6.8.4.1DV.2

It should be n
(when not tre
peak or rms r

rials Interconnect Constructions, UL 796F as appropriate, and shall be

DE Modification to clarify:

bted that the voltage used to evaluate the clearance and creepage distances
d as solid insulation) between adjacent tracks will be the WORKING VOLTAGE,

e
Ipectively, between those tracks.

4.3.6.8.4.2 Use of cogting materials

A coating material used to provide FUNCTIONAL, BASIC, SUPPLEMENTARY.and REINFORCED INSULATION shall

meet the requirement a

Type 1 protection (as
protection. The clearan
under the protection. B
together with all the spg

Type 2 protection is cor
solid insulation specifig]
Table 1 of IEC 60664-
apply. Between two co
spacing between them
material, the conductive

The coating material u
stresses anticipated t

5 specified below.

defined in IEC 60664-3) improves_the microenvironment of the parts under
ce and creepage distance of Table.9 and Table 10 for pollution degree 1 apply
btween two conductive parts, it is.a requirement that one or both conductive parts,
cing between them, are covered.by the protection.

sidered to be similar to §olid insulation. Under the protection, the requirements for
d in 4.3.6.8 are applicable and spacings shall not be less than those specified in
B. The requirements:for clearance and creepage in Table 9 and Table 10 do not
nductive parts/it-is a requirement that both conductive parts, together with the
are covered by the protection so that no airgap exists between the protective
parts andthe printed boards.

sed to provide Type 1 and Type 2 protection shall be designed to withstand the

oceur during the EXPECTED LIFETIME of the PDS/CDM/BDM. A TYPE TEST on
representative PWBs staﬂﬁ?mdmedmmgﬂo-ﬁﬁﬁeeﬁﬂﬁ-emse-ﬁ—mﬂewﬁﬁ?—

temperature of -25°C
+125°C.

shall be used, and for the Rapid change of temperature test (5.7.3): —25°C to

4.3.6.8.5 Wound components

Varnish or enamel insul
INSULATION.

ation of wires shall not be used for BASIC, SUPPLEMENTARY, DOUBLE or REINFORCED

Wound components shall meet the requirements of 4.3.6.8.1 and 4.3.6.8.2.

The component itself shall pass the requirements given in 4.3.6.8.1 and 4.3.6.8.2. If the component has

REINFORCED or DOUBLE |

NSULATION, the voltage test of 5.2.3.2 shall be performed as a ROUTINE TEST.

[iitable for direct suppoi[ of LIVE PARTS with a minimum IIamma5|I|Ey raflng of
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4.3.6.8.5DV DE

Wound compo

Modification to clarify:

nents shall also meet the requirements of 4.3.6.8.3. For example, this applies

to transformers, solenoids, contactor coils and the like.

4.3.6.8.6 Potting materials

A potting material may be used to provide solid insulation or to act as a coating to protect against pollution.
If used as solid insulation, it shall comply with the requirements of 4.3.6.8.1 and 4.3.6.8.2. If used to

protect against pollution

4.3.6.9 Insulation req

Where voltages acrog

considerations apply. Fg

Annex E contains flowA
circumstances. For infor]

4.3.7 Enclosures

the requirements for Type T protection in 4.3.6.8.4.2 apply.
uirements above 30 kHz

s insulation have fundamental frequencies greater than 30 kHz,Vfurther
r low-voltage circuits, guidance is provided in IEC 60664-4.

charts for the determination of clearance and creepage distances under these
mation, Tables 1 and 2 of IEC 60664-4 are also included in Anhex E.

4.3.7DV Modification to replace 4.3.7 with the following:

See Annex DVI

4.3.7.1 General

Metal enclosures shall
4.3.7.20r4.3.7.3.

Polymeric enclosures o
enclosure, shall comply

For INTEGRATED PDS th
enclosure shall meet the

Enclosures shall be sui

D for enclosure requirements.

comply with the deflection test of 5.2.2.5.2 or have a thickness as specified in

polymeric parts, reliedon to complete and maintain the integrity of an electrical
with the flammabilitysrequirements of 4.4.3 and the impact test in 5.2.2.5.3.

e CDM/BDMw.enclosure shall comply with the above requirements. The motor
requirements of the relevant parts of IEC 60034.

able_for use in their intended environments. The manufacturer shall specify the

intended environment (s

ee-6.3.3) and the IP rating of the enclosure (see 5.2.2.4 for test).

For INTEGRATED PDS the combination of motor and cbm/BDM shall be tested according to their intended
environment. For external fans and drain holes of the motor part the requirements of IEC 60034-5 apply.

4.3.7.2 Cast metal

Die-cast metal, except a

t threaded holes for conduit, where a minimum of 6,4 mm is required, shall be:

* not less than 2,0 mm thick for an area larger than 155 cm? or having any dimension larger than 150 mm;

+ not less than 1,2 mm thick for an area of 155 cm? or less and having no dimension larger than 150 mm.
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The area under evaluati

on may be bounded by reinforcing ribs subdividing a larger area.

Malleable iron or permanent-mould cast aluminium, brass, bronze, or zinc, except at threaded holes for
conduit, where a minimum of 6,4 mm is required, shall be:

« at least 2,4 mm thick for an area greater than 155 cm? or having any dimension more than 150 mm;

« at least 1,5 mm thick for an area of 155 cm? or less having no dimension more than 150 mm.

A sand-cast metal enclosure shall be a minimum of 3,0 mm thick except at locations for threaded holes for

conduit, where a minim
4.3.7.3 Sheet metal

The thickness of a shesg
less than 0,8 mm thick
ferrous metal.

Enclosure thickness at
that specified in Table 1

im Oof 0,4 mm IS required.

t-metal enclosure at points to which a wiring system is to be connected shalhbe not
for uncoated steel, 0,9 mm thick for zinc-coated steel, and 1,2 mm thick for non-

points other than where a wiring system is to be connected shall be not less than
1 or Table 12.

With reference to Tablg

11 and Table 12, a supporting frame is a structure-of<angle or channel or folded

section of sheet metal
surface, and which hasg
surface when it is defleq

A structure which is as
Constructions without s|

* a single sheet with sin
* a single sheet which is

* an enclosure surface |

which is attached to and has the same outsidé’dimensions as the enclosure
torsional rigidity to resist the bending moments-that are applied by the enclosure
ted.

rigid as one built with a frame of angles“or channels has equivalent reinforcing.
Lipporting frame include:

hle formed flanges — formed edges;
corrugated or ribbed;

posely attached to-aframe, for example, with spring clips; and

* an enclosure surface faving an unsupported edge.

Thickners of sheet metal for en(.:-la:)t;,lﬁr1e1s: carbon steel or stainless steel
Without supporting frame? With supporting frame?®
Maximum width Maximum length Maximum width Maximum length Minimum thickness
mmP mm°® mm°® mm°® mm
100 Not limited 160 Not limited 0,6¢
120 150 170 210
150 Not limited 240 Not limited 0,75¢
180 220 250 320
200 Not limited 310 Not limited 0,9
230 290 330 410

Table 11 Continued on Next Page
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Table 11 Continued

b The width is the smaller din
enclosure are able to have s

¢ “Not limited” applies only w
removed in use.

9 Sheet steel for an enclosurg

ension of a rectangular piece of sheet metal which is partof an enclosure. Adjacent surfaces of an
pports in common and be made of a single sheet.

en the edge of the surface is flanged at least 12,7 mm or fastened to adjacent surfaces not normally

Without supporting frame? With supporting frame? o ]
Maximum width Maximum length Maximum width Maximum length Minimum thickness
mmP mm°® mm°® mm°® mm
320 Not limited 500 Not limited 1,2
350 460 530 640
460 Not limited 690 Not limited 1,4
510 640 740 910
560 Not limited 840 Not limited 1 ’R
640 790 890 1090
640 Not limited 990 Not limited 1,8
740 910 1040 1300
840 Not limited 1300 Not limited 2,0
970 1200 1370 1680
1070 Not limited 1630 Not limited 2,5
1200 1500 1730 2130
1320 Not limited 2030 Not limited 2,8
1520 1880 2130 2620
1600 Not limited 2460 Not limited 3,0
1850 2290 2620 3230
2See 4.3.7.3.

intended for outdoor use shall be not less tha@’®,86 mm thick.

Table:12

Thickngss of sheet metal for enclosures: aluminium, copper or brass

Without support

ng frame?

With supporting frame®

Minimum thickness
Maximum width Maximum length Maximum width Maximum length
mm® mm® mm® mm® mm
75 Not limited 180 Not limited 0,6¢
90 100 220 240
100 Notlimited 250 Not limited 0,75
125 150 270 340
150 Not limited 360 Not limited 0,9
165 200 380 460
200 Not limited 480 Not limited 1,2
240 300 530 640
300 Not limited 710 Not limited 1,5
350 400 760 950
450 Not limited 1100 Not limited 2,0
510 640 1150 1400
640 Not limited 1500 Not limited 24

Table 12 Continued on Next Page
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Table 12 Continued

Without supporting frame? With supporting frame?
Minimum thickness
Maximum width Maximum length Maximum width Maximum length

mmP mm® mmP mm°® mm

740 1000 1600 2000

940 Not limited 2200 Not limited 3,0

1100 1350 2400 2900

1300 Not limited 3100 Not limited 3,9

1500 1900 3300 4100
@See4.3.7.3.
® The width is the smaller difension of a rectangular piece of sheet metal which is part of an enclosure. Adjacent surfaces of an
enclosure are able to have qupports in common and be made of a single sheet.
¢ “Not limited” applies only when the edge of the surface is flanged at least 12,7 mm or fastened to adjacent surfaces not normally
removed in use.
4 Sheet aluminium, copper dr brass for an enclosure intended for outdoor use shall be not less than 0,74 mm thick.

4.3.8 Wiring and corLections

4.3.8.1 General

The wiring and connecflions between parts of the equipment and within each part shall be protected from
mechanical damage during installation. The insulation, conductors .and routing of all wires of the
equipment shall be suifable for the electrical, mechanical, thermal andyenvironmental conditions of use.
Conductors which are [able to contact each other shall be provided with insulation rated for the Dvc

requirements of the reldvant circuits.

The compliance with 413.8.2 to 4.3.8.8 shall be checked by/visual inspection (see 5.2.1) of the overall

construction and datasheets if applicable.

NOTE Electrical reflections irf a motor cable fed from a pulse width'modulated (PWM) source can cause high voltages to appear on
the cable, which should be taken into consideration for PDS€omponent selection.

4.3.8.1DV.1 D2|Modification to add.the following:

4.3.8.1DV.1.1 ONTROL CIRCUIT Wiring

4.3.8.1DV.1.1.1 Other than as noted in 4.3.8.1DV.1.1.2 — 4.3.8.1DV.1.1.5, Primary and
secondary cirguit internal wiring shall be provided with additional protection that complies

with 4.3.8.1DV]|1.1:6'when it is:

a) Connected to the load side of the branch circuit short circuit protection (see

4.3.9DV.1);

b) Located in a circuit that incorporates the coil of an internal or external motor
control contactor (such as for bypass); and

c) Sized from 22 — 12 AWG (0,324 — 3,3 mm?).

4.3.8.1DV.1.1.2 Wiring located in a Class 1 power-limited or Class 3 remote-CONTROL CIRCUIT
or located in a Class 2 (see Annex DVC.1.4), Limited Voltage/Current (see Annex DVC.1.5),
Limited Energy (see Annex DVC.1.6) or Limiting Impedance (see Annex DVC.1.7)
secondary circuit is not required to be additionally protected.
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4.3.8.1DV.1.1.3 Any wiring measuring a maximum of 12 in (305 mm) long is not required to
be additionally protected.

4.3.8.1DV.1.1.4 Any wiring connected to a printed wiring board having no connections
external to the drive and having no more than casual contact with insulated or un-insulated
parts of opposite polarity or with grounded parts is not required to be additionally
protected.

4.3.8.1DV.1.1.5 When an instantaneous trip circuit breaker is used or intended for use as
the branch circuit short circuit protection (see 4.3.9DV.1) and its rating or trip setting is not
more than the appliea atuespecifiedinTts Athen-wiring-isn eetHre

be additionally|protected when the drive is marked in accordance with 6.3.7DV.2.

Table 4.3.8.1DV.1
Branch-Circuit Short-Circuit Protection

Maximum rating of branch-circuit-protective device, A
Cantrol-circuit wire size, Conductors within Conduictors outside
AWG (mm?) enclosure enclosure
22 (0,32) 12 3
20 (0,52) 20 5
18 (0,82) 25 7
16 (1,3) 40 10
14 (2,1) 100 45
12 (3,3) 120 60

4.3.8.1DV.1.1.6|Other than as noted in 4.3.8.1DV.1.4!7 and 4.3.8.1DV.1.1.8. The additional
wiring protectipn required by 4.3.8.1DV.1.1.1 shall:

a) Be lo¢ated within the drive;

b) Be rated in accordance with Table 4.3.8.1DV.2;

c) Be prpvided in each uhgrounded conductor;

d) Be lo¢ated no more than 12 in (305 mm) from the point where the wiring is
connected to its source of power;

e) Eithef be assupplementary or a branch circuit type fuse in accordance with the UL
248 serigs or7a branch circuit breaker in accordance with the Standard for Molded
Case Ciretti ; i 5 irett 5
489; and

f) Be provided with a marking in accordance with 6.3.7DV.4.1.2.

4.3.8.1DV.1.1.7 The additional protection noted in 4.3.8.1DV.1.1.6 is not required to be
included within the drive when it is shipped from the factory and meets the following:

a) The manufacturer makes available an accessory kit that complies with
4.3.8.1DV.1.1.6;

b) This accessory kit is evaluated for field INSTALLATION; and

c) The drive is marked in accordance with 6.3.7DV.4.1.3
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4.3.8.1DV.1.1.8 The additional protection noted in 4.3.8.1DV.1.1.6 is not required to be
shipped with the drive when the fuseholder is included within the drive and the unit is
marked in accordance with 6.3.7DV.4.1.4.

Table 4.3.8.1DV.2
Overcurrent Protection

Control-circuit wire size, Maximum protective device rating,

AWG (mm?) A
22 (0,32) 3
DO (0,52) 5
18 (0,82) 7
16 (1,3) 10
14 (2,1) 20
12 (3,3) 25

4.3.8.1DV.1.1.9 For drives with a short circuit current rating in excess of 10 000 A, the

additional wiring protection required by 4.3.8.1DV.1.1.1 shall comply with'4.3.8.1DV.1.1.6
and be rated gfreater than or equal to the marked short circuit currentirating of the drive.
When fuses are used for this protection, they shall be Class CC, CF, G, J, L, R, or Tand be
provided with pn appropriate branch circuit type fuseholder. These fuses are not required
to be factory installed.

4.3.8.1DV.2 D2|Modification to add the following:
4.3.8.1DV.2.1 Qther than CONTROL CIRCUIT wiring
4.3.8.1DV.2.1.1 Primary overcurrent protection (not power circuit)

4.3.8.1DV.2.1.1.1 All wiring including bus bars and interconnecting cables used in the
distribution of{primary electric energy within and between units of equipment and all
transformers 3dnd other loading-devices connected to the primary circuit shall be protected
against burnout and damageto-insulation resulting from any overload or short-circuit
condition that|occurs during-operation of the equipment. The protection shall be sized
based on the Igvels identified in Table 4.3.8.1DV.1 and Table 4.3.8.1DV.2.

4.3.8.1DV.2.1.1.2 The protection referenced in 4.3.8.1DV.2.1.1.1 shall be provided by
overcurrent devices included as integral parts of the control equipment or, when rated in

accordance with 4.3.8. .Z.1.1.4,from the protection associated with the branch circuit to
which the equipment is connected.

4.3.8.1DV.2.1.1.3 Overcurrent protective devices that are provided within the equipment
and are types that set the requirements for branch-circuit protection in accordance with the
National Electrical Code, ANSI/NFPA 70 — for example, circuit breakers or Class CC, CF, J,
T, G, H, K, L, RK1, or RK5 cartridge fuses or Type S fuses — comply with the requirement in
4.3.8.1DV.2.1.1.2. Other types of overcurrent protection devices are to be investigated to
determine their acceptability for the application.

4.3.8.1DV.2.1.1.4 The ratings of an overcurrent device in series with connecting wiring shall
not exceed the following:
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a) For motor loads alone — 300 percent of the motor full-load current observed
during the maximum normal operation of the system.

b) For resistive loads, and for combination resistive and reactive loads, with or
without motor loads — 250 percent of the full-load current of the circuit under
evaluation.

4.3.8.1DV.2.1.1.
intended for us

5 A device providing overcurrent protection shall be of a type that is
e when supplied directly by the branch circuit to which the equipment is

connected unless additional protection intended for the use is provided in the equipment.

4.3.8.1DV.2.11
ungrounded b

4.3.8.1DV.2.1.2

4.3.8.1DV.2.1.2
overload or sh

4.3.8.1DV.2.1.2
circuit wiring
insulation res
the equipment

4.3.8.1DV.2.1.2
is considered t|
protect the sec

4.3.8.1DV.2.1.2
National Electr

4.3.8.1DV.2.1.2
are not prohibi
available from

'|2 An overcurrent protective device shall be connected between the

nch-circuit supply conductor and the load.
Secondary overcurrent protection

1 Cables and wiring located in Class 2 circuits do not require any.additional
brt-circuit protection.

2 All external secondary-circuit interconnecting cables and-all secondary-
tween units shall be protected against burnout and damage to the
Iting from any overload or short-circuit condition that occurs during use of

3 The overcurrent protection provided in the ‘primary circuit of a transformer
p provide protection for the secondary circuit wiring, when it operates to
ondary circuit under all overload conditions including short circuit.

4 A conductor provided with overcurrent protection complying with the
cal Code, ANSI/NFPA 70, complies with 4.3.8.1DV.2.1.2.2.

5 Secondary circuits that.are derived from power supplies or other sources
led from being used wheh the output wiring carries the maximum current
the power supply without discoloration or softening of insulation, and when

the power sup

lies or other sources:

a) Are inherently limited; or

b) Includle sensing devices whose operation achieves the same result (prevention of
burnout{and damage to insulation resulting from overload) or de-energizes the
equipmeént.

4.3.8.2 Routing

A hole through which insulated wires pass in a sheet metal wall within the enclosure of the equipment shall
be provided with a smooth, well-rounded bushing or grommet or shall have smooth, well-rounded surfaces
upon which the wires bear to reduce the risk of abrasion of the insulation.

Wires shall be routed away from sharp edges, screw threads, burrs, fins, moving parts, drawers, and
similar parts, which abrade the wire insulation. The minimum bend radius specified by the wire
manufacturer shall not be violated.
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Clamps and guides, either metallic or non-metallic, used for routing stationary internal wiring shall be
provided with smooth, well-rounded edges. The clamping action and bearing surface shall be such that
abrasion or cold flow of the insulation does not occur. If a metal clamp is used for conductors having
thermoplastic insulation less than 0,8 mm thick, non-conducting mechanical protection shall be provided.

4.3.8.3 Colour coding

Insulated conductors, other than those which are integral to ribbon cable or multi-cord signal cable,

identified by the colour green with or without one or more yellow stripes shall not be used other than for
PROTECTIVE BONDING.

NOTE The choice of green orjgreen/yellow for the PROTECTIVE BONDING is covered by national regulations.
4.3.8.3DV D2 Modification to add the following:

Internal Groupding and Bonding Conductor Color Insulated grounding and. bonding
conductors smaller than 4 AWG shall be identified by the color green with or without one or
more yellow sitripes throughout the entire product. Insulated conductors sized 4 AWG or
larger shall bejidentified in this manner, or shall be identified at each termination point by a
green marking, such as green tape wrapped around the conductor. No other leads shall be
so identified. [This requirement does not apply to a green or green/yellow conductor
provided in a yiring harness, ribbon cable, or similar prefabricated wiring assembly, which
is not likely to|be mistaken for a grounding conductor.

4.3.8.4 Splices and connections

All splices and connectipns shall be mechanically secure and shall provide electrical continuity.

Electrical connections shall be soldered, welded, crimped, or otherwise securely connected. A soldered
joint, other than a comppnent on a PWB, shall additionalty be mechanically secured.

When stranded internal wiring is connected to‘a wire-binding screw, the construction shall be such that
loose strands of wire dq not contact:

« other uninsulated LIVE[PARTS not always)of the same potential as the wire;
+» de-energized metal pgrts.

When screw terminal gonnections are used, the resulting connections may require routine maintenance
(tightening). Appropriaté reference shall be made in the maintenance manual (see 6.5.1).

4.3.8.4DV.1 D2 Modification to add the following:

When stranded internal wiring is connected to a wire-binding screw, the construction shall
be such that loose strands of wire do not contact:

a) Other uninsulated LIVE PARTS not always of the same polarity as the wire; and

b) De-energized metal parts.

Means, that meet the intent of the requirement, include machine- or tool-applied pressure
terminal connectors, soldering lugs, crimped eyelets, or the soldering of all strands of the
wire together.
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4.3.8.4DV.2 D2 Modification to add the following:

4.3.8.4DV.21 A
involved.

splice shall be provided with insulation equivalent to that of the wires

4.3.8.4DV.2.2 In determining when splice insulation consisting of coated-fabric,

thermoplastic,

or other types of tubing is usable, electrical and mechanical properties

including dielectric voltage-withstand ability, heat resistance, and moisture resistance

shall be evalua
Thermoplastic

ted. For requirements of additional insulation, 4.3.8.4DV.2.3 applies.
tape shall not be wrapped over a sharp edge or connection

4.3.8.4DV.2.3 »;Fditional insulation, when used, shall be insulating sleeving, tubing, or a

wrapping of n
materials rated

less than two layers of insulating tape. The insulation shall be made of
for the temperature and voltage involved.

4.3.8.4DV.3 D2 Modification to add the following:

Bus bars using spring-loaded joints for connection shall be subjected to the heat cycling

test of 5.2.3.8
clamping force
joint or develo
the purpose of
loading and wa

DV.3. A spring-loaded joint shall be considered to be_one in which the
is developed by the deflection of a spring member in‘the assembly of the
ped by the elasticity of a metal clamp or clip in the‘assembly of the joint. For
this requirement, a dished washer shall not be'considered to exert spring
uld not be required to be evaluated using the:heat cycling test.

4.3.8.5 Accessible cgnnections

In addition to measure
polarity reversal of cor
maximum of bvc A. This
be plugged in without th
not apply to equipment i

If relevant, non-intercha
outlets shall be confirmg

5 given in 4.3.4.1 to 4.3.4.3 it shall*be ensured that neither insertion error nor
nectors can lead to a voltage.on an accessible connection higher than the
applies for example to plug-in-sub-assemblies or other plug-in devices which can
e use of a tool (key) or which are accessible without the use of a tool. This does
htended to be installed.in"€LOSED ELECTRICAL OPERATING AREAS.

hgeability and protection against polarity reversal of connectors, plugs and socket
d by inspectioniand trial insertion.

4.3.8.6 Interconnecti¢ons between parts of the PDS

In addition to complying
interconnection betwee

Cable assemblies and

) With” the reqwrements given |n 4.3.8.1 to 4.3.8. 5 the means provided for the

flexible cords provided for interconnection between sections of equipment or

between units of a system shall be suitable for the service or use involved. Cables shall be protected from
physical damage as they leave the enclosure and shall be provided with mechanical strain relief.

Misalignment of male

and female connectors, insertion of a multi-pin male connector in a female

connector other than the one intended to receive it, and other manipulations of parts which are accessible

to the operator shall not
to persons.

result in mechanical damage or a risk of thermal hazards, electric shock, or injury
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When external interconnecting cables terminate in a plug which mates with a receptacle on the external
surface of an enclosure, no risk of electric shock shall exist at accessible contacts of either the plug or
receptacle when disconnected.

NOTE An interlock circuit in the cable to de-energize the accessible contacts whenever an end of the cable is disconnected meets
the intent of these requirements.

4.3.8.6DV D2 Modification to add the following:

4.3.8.6DV.1 Flexing

4.3.8.6DV.1.1 Wiring that is subject to flexing during servicing, such as that from a

stationary par
provided with
cord or shall ¢

to a part mounted on a hinged door or other moveable part, shall be
nsulation not less than 1/32 in (0,8 mm) thick. The wiring shall be flexible
omply with 4.3.8.6DV.1.2 or 4.3.8.6DV.1.3.

4.3.8.6DV.1.2 Wiring other than flexible cord may be used when provided with additional

insulation at a
sleeving, tubir
shall be made

hy point where it is flexed. This additional insulation shall be insulating
g, or a wrapping of not less than two layers of insulating tape.) The insulation
of materials rated for the temperature and voltage involved:

4.3.8.6DV.1.3
when damage
test, 5.2.3.2a
wiring is mour
far as possibl¢
(restraints suc

o the wiring is not evident and the wiring withstands the A.C. or d.c. voltage
lied between conductors and between conductors and ground, after the

ted as intended and tested by opening the deor or other moveable part as
and then returning it to the original position for 500 cycles of operation

h as a chain are to remain in place).

:Ering other than flexible cord may be used withoutadditional insulation

4.3.8.7 Supply conngctions

A pDs intended for perfnanent connection to the. péwer supply shall have provision for connection to the
applicable wiring system in accordance with the_requirements where it is being installed. The connection
points provided shall b¢ of appropriate construction to preclude the possibility of loose strands reducing
the spacing between cagnductors when careful attention is paid to installation.

4.3.8.7DV DR Modification to-add the following:
4.3.8.7DV.1 The equipment shall be constructed so that the INSTALLATION can comply with

requirements as specified in Article 310 and Tables 310-16 or 310-17, as appropriate, of the
National Electrical Code, ANSI/NFPA 70.

4.3.8.7DV.2 Power conversion equipment intended for permanent connection to the power
supply shall have provision for connection of one of the applicable wiring systems in
accordance with the National Electrical Code, ANSI/NFPA 70, unless it is intended to be
drilled or punched in the field to accommodate a wiring system and is provided with
appropriate INSTALLATION instructions.

4.3.8.7DV.3 A tapped hole in a cast metal enclosure for the attachment of threaded rigid
conduit shall be provided with:

a) An integral bushing having a smooth, rounded inlet hole with a diameter the same
as the internal diameter of a standard bushing to provide protection for the
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conductors equivalent to that provided by such a bushing, or shall be located so
that a standard bushing is able to be attached to the end of the conduit; and

b) At least three full threads when tapped all the way through the wall of an
enclosure, or with at least 3-1/2 full threads when used with an integral bushing.

4.3.8.7DV.4 It is assumed that power conversion equipment having a current rating or a
horsepower rating with a full-load motor current as specified in Table DVE.1 or Table DVE.2

is intended to be connected with wire of a size determined in accordance with Table 310-16
of the National Electrical Code, ANSI/NFPA 70. Unless marked in accordance with
6.3.6.4DV.1.5 for use only with wire rated 75 °C (167 °F), the size is to be based upon wire

rated for a temperature 60 °C (140 °F) for equipment rated 100 A or less; and upon wire
rated for 75 °C for equipment rated greater than 100 A. The type of insulation is not

specified.

4.3.8.7DV.5 Cord-connected equipment

4.3.8.7DV.5.1 Ppwer conversion equipment intended to be cord connected to the’power
supply shall bg provided with a length, size, and type of hard-service or junior hard-service
flexible cord, such as Type S, SJ, or the equivalent, evaluated for the use.conditions, that is
terminated in a grounding type attachment plug and is rated for the temperature and

voltage involved.

4.3.8.7DV.5.2 Enuipment is able to be cord-connected to the power supply when the

equipment is:

a) Portable;

b) Freeltanding or stationary (not permanently connected to building wiring);

c) As described in 4.3.8.7DV.5.10.

4.3.8.7DV.5.3 The cord ampacity, as specified in Table 4.3.8.7DV.1, shall not be less than the

ampacity requifed for the equipment in 4.3.8.8.2DV.1.

Table 4.3.8.7DV.1
Ampacity of Flexible Cord
Conductof size, AWG Number of conductors

2 3?
18 10 7
16 13 10
14 18 15
12 25 20
10 30 25
8 40 35
6 55 45
4 70 60
2 95 80

these values for 31 — 40 conductors; and 35 percent of these values for 41 or more conductors.

2 Where more than three current-carrying conductors are provided, the ampacity of each of the conductors
shall be: 80 percent of these values for 4 — 6 conductors; 70 percent of these values for 7 — 9 conductors; 50
percent of these values for 10 — 20 conductors; 45 percent of these values for 21 — 30 conductors; 40 percent of
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4.3.8.7DV.5.4 Cord-connected equipment provided with a standard attachment plug whose
ampere rating exceeds the ampacity of the power supply cord shall be provided with an
integral overcurrent protective device rated not more than the ampacity of the conductors.
Cord-connected equipment provided with a multi-pin connector or without any attachment
plug or connector shall be:

a) Provided with integral overcurrent protection rated not more than the ampacity of
the conductors; or

b) Marked as in 6.3.7DV.4.1.1 to indicate the ratings of the overcurrent protection
required to be installed in the field.

4.3.8.7DV.5.5 Strain relief shall be provided on power supply or signal multicable cords.
The strain reli¢f shall be tested in accordance with 5.2.12DV.1.

4.3.8.7DV.5.6 At the point at which the cord passes through the enclosure wall, protection
shall be provided to prevent cord abrasion.

4.3.8.7DV.5.7 When a knot serves as strain relief in an attached flexible cord;-any surface
that the knot contacts shall be free from projections, sharp edges, burrs,fins and similar
irregularities, that abrade insulation on the conductors.

4.3.8.7DV.5.8 Nleans shall be provided to prevent the supply cord-from being pushed into
the enclosure pf the equipment through the cord entry hole when such displacement
results in:

a) Subjécting the supply cord to mechanical damage;
b) Expdsing the supply cord to a temperature higher than that for which it is rated;

c) Reducing spacings, such as to a metal'strain-relief clamp, below the minimum
requireg values; or

d) Damaging INTERNAL CONNECTIONS or components.

To determine ¢ompliance, the supply cord shall be tested in accordance with 5.2.12DV.1.2,
Push-Back Relief Test.

4.3.8.7DV.5.9 A power-supply or signaling connecting cord, used on equipment having a:

a) Type|3, 3R;-3S, 4, 4X, 6, or 6P enclosure shall be evaluated for outdoor use;

b) Type[6'or 6P enclosure shall be water resistant; and

c) Type 12, 12K, or 13 enclosure shall be oil resistant (such as SO, SJO, or STO).

4.3.8.7DV.5.10 For a device that is intended to provide a signaling function, an attachment
plug is not required.

4.3.8.7DV.5.11 A lead that is intended to be spliced in the field to a circuit conductor shall
not be smaller than 18 AWG (0,82 mm?) and the insulation, when of rubber or
thermoplastic, shall not be less than 1/32 in (0,8 mm) thick.
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4.3.8.8 Terminals
4.3.8.8.1 Construction requirements

All parts of terminals which maintain contact and carry current shall be of metal having adequate
mechanical strength.

Terminal connections shall be such that the conductors can be connected by means of screws, springs or
other equivalent means so as to ensure that the necessary contact pressure is maintained.

Terminals shall be so cqnsitructe
any significant damage gither to conductors or terminals.

Terminals shall not allpw the conductors to be displaced or be displaced themselves in a manner
detrimental to the operation of equipment and the insulation shall not be reduced below the rated valdes.

The requirements of this subclause are met by using terminals complying with IEC ©0947-7-1 or
IEC 60947-7-2, as apprapriate.

4.3.8.8.1DV D2 |Modification to add the following:

4.3.8.8.1DV.1 Terminals shall comply with the Standard for Electrical Quick-Connect
Terminals, UL 310, the Standard for Wire Connectors, UL 486A-486B, the Standard for
Equipment Wining Terminals for Use with Aluminum and/or Cepper Conductors, UL 486E or
the Standard fgr Terminal Blocks, UL 1059 as appropriate.<Terminals that will be wired in
the field shall Qe suitable for field wiring.

4.3.8.8.1DV.2 Ajpressure terminal connector, including one that is compression tool
applied, for field connection to line or load is notirequired to be provided for equipment
larger than 10 AWG (5,3 mm?).when the construction complies with the
tions:

a) Compgonent terminal connectors are available from the equipment manufacturer
and one|or more are specified for field INSTALLATION on the equipment.

b) A fastening device, Such as a stud, nut, bolt, spring or flat washer, or similar
device, that is required for INSTALLATION is:

1) Provided-as part of the component terminal assembly; or

2) Mounted on or separately packaged with the equipment.

c) The INSTALLATION of the terminal assembly does not involve the loosening or
disassembly of a part other than a cover or other part giving access to the terminal
location. The means for securing the terminal connectors shall be accessible for
tightening before and after INSTALLATION of the conductor.

d) When the pressure connector provided in a component terminal assembly
requires the use of a special tool for securing the conductor, instructions
referencing use of the tool shall be included with the component assembly or with
the equipment.

€) INSTALLATION of a pressure terminal connector in the intended manner shall result
in a product that complies with the requirements in this standard.

f) The equipment is marked in accordance with 6.3.6.4DV.1.12.
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4.3.8.8.1DV.3 A terminal to which field wiring greater than 10 AWG (5,3 mm?) is to be
connected shall be a soldering lug or pressure wire connector. A terminal to whicha 10
AWG (5,3 mm?) or smaller wiring connection is to be made shall consist of a clamp or

binding screw
in position, or

with a terminal plate having upturned lugs or the equivalent to hold the wire
shall be a soldering lug or pressure wire connector.

4.3.8.8.1DV.4 A wire-binding screw to which field-wiring connections of conductors larger
than 14 AWG (2,1 mm?) are made shall be No. 8 or larger.

4.3.8.8.1DV.5 A wire-binding screw intended only for field-wiring connection of a conductor
2

sized 14 AWG

4.3.8.8.1DV.6
than 0,030 in (
0,050 in (1,27
full threads in
threads do no

4.3.8.8.1DV.7
4.3.8.8.1DV.6 i
provide two fi

4.3.8.8.1DV.8

4.3.8.8.1DV.9
connection of

4.3.8.8.2 Connecting

Terminals shall be pr|

maintenance manuals
INSTALLATION. The term|

suitable for conductors
Table F.1.

Standard values of cros
approximate relationshi

4.3.8.8.2DV DR

r

terminal plate tapped for a wire-binding screw shall be of metal not less

,76 mm) thick for a 14 AWG (2,1 mm?) or smaller wire, and not less than

m) thick for a wire larger than 14 AWG (2,1 mm?). There shall be at least two
he plate unless fewer threads result in a secure connection in which-the
strip upon application of a 20 Ib-in (2.3 N-m) tightening torque.

terminal plate formed from stock having the required thickness specified in
able to have the metal extruded at the tapped hole for the\binding screw to
I threads.

wire-binding screw shall thread into metal.

field-wiring terminal made with an aluminumbody or intended for
luminum wire shall be rated AL7CU or AL9CU.

capacity

bvided which accommodatethe conductors specified in the installation and

(see 6.3.6.4) and cables:\in“accordance with the wiring rules applicable at the
nals shall meet the temperature rise test of 5.2.3.8. The terminals shall also be

of the same type at least two sizes smaller, as given in the appropriate column of

s-section of.round copper conductors are shown in Annex F, which also gives the
b betweendSO metric and AWG/MCM sizes.

Modification to add the following:

4.3.8.8.2DV.1 The terminals of power conversion equipment shall each be provided with
wiring terminals or leads for connection of conductors having an ampacity as follows:

a) For i

ne terminals, not less than 125 percent of maximum rated input current and

not less than 125 percent of full load motor current.

b) For motor load terminals, not less than 125 percent of the maximum marked
output current and not less than 125 percent of the full-load motor current specified
in Table DVE.1 or Table DVE.2 for output horsepower ratings.

c) For terminals of a DC bus circuit intended to supply one or more inverters, not
less than 125 percent of the maximum marked current for those terminals.
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d) For power terminals not addressed in (a), (b), (c) or (e), not less than 100 percent

of the maximum marked current for those terminals.

e) Unless marked in accordance with 6.3.6.4DV.1.13, for equipment controlling a
direct-current motor intended to be operated from a rectified single-phase power

supply.

1) One-hundred ninety percent of full load current when a half wave rectifier

is used.

2) One-hundred fifty percent of full load current when a full wave rectifier is

Usea:

Where field wiJing conductors will be larger than 10 AWG (5,3 mm?), the wiring terminals-or

leads may be

mitted in accordance with 4.3.8.8.1DV.2.

4.3.8.8.2DV.2 The conductor size shall be determined from the 60 °C or 75 °C column of

Table 4.3.8.8.2[DV.1 based on the value calculated in 4.3.8.8.2DV.1.

4.3.8.8.2DV.3 Unless marked otherwise, use the 60 °C wire for 100 A and less and 75 °C wire

above 100 A.

4.3.8.8.2DV.4 Fpr conductors in parallel, conductors shall not be.smaller than 1/0 AWG.

4.3.8.8.2DV.5 When a wiring terminal is able to receive the next larger size conductor than
that required in 4.3.8.8.2DV.2, the terminal shall comply with-secureness and pullout

requirements with that size conductor, unless the equipment is marked to restrict its use to

only the smallgr size conductor in accordance with 6.3:6.4DV.1.11.

Table 4.3:8.8.2DV.1

Ampacities of Insulated Conductors

Wire size AWG (mm?) 80°C (140°F) 75°C (167 °F)
Copper Aluminum Copper Aluminum
24 0,2) ) B 3 -
22 (0,3) 3 ~ ] ]
20 (0,5) 5 _ ] )
18 (©.8) 7 _ ] )
16 (1,3) 10 _ ] )
14 (2,1) 45 s
12 (3,3) 20 5 20 .
10 (5,3) 30 95 %0 ”
8 (8,4) 40 30 5 w0
6 (13,3) 55 40 o .
4 (21,2) 70 55 o5 o
3 (26,7) 85 o 100 .
2 (33,6) 95 -5 s o
1 (42,4) 110 85 130 100

Table 4.3.8.8.2DV.1 Continued on Next Page
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Table 4.3.8.8.2DV.1 Continued

Wire size AWG (mm?) 60°C (140 °F) 75°C (167 °F)
Copper Aluminum Copper Aluminum
110 (53,5) ~ B - 20
2/0 (67,4) _ B 17 -
3/0 (85,0) _ _ 200 o
40 (107,2) _ _ »30 -
kemil = — — _ _
250 (127) _ _ 255 205
300 (152) _ B . .
350 (77) _ _ 510 »so
400 (203) _ _ 535 ha
500 (253) _ _ 350 3 o
600 (304) _ _ 420 w0
700 (355) _ _ 460 irs
750 (380) _ _ o os
800 (405) _ _ 9 s
900 (456) _ _ 520 125
1000 (506) _ B cas e
1250 (633) _ _ 550 sas
1500 (760) _ N 625 w20
1750 (887) _ b 650 s
2000 (1013) _ _ 65 o
NOTES

1. For multiple-c
in Table 4.3.8.8.2
accommodates.

2. These values

conduit. When fq
installed in a con
number of wires

when 7 — 24 con
when 43 or mor

conductors sha}

DV.1 for that conductor multiplied-by the number of conductors that the terminal

conductors:

bnductors of the same size (1/0 AWG or larger) at a terminal, the ampacity is equal to the value

bf ampacity apply only when not more than three conductors are to be field-installed in the

ur or more conductors;-other than a neutral that carries the unbalanced current, are to be
duit (as occurs because of the number of conduit hubs provided in outdoor equipment, the
required in certain polyphase systems, or other reasons), the ampacity of each of the

be 80 percent of.these values when 4 — 6 conductors are involved, 70 percent of these values
uctors, 60percent of these values when 25 - 42 conductors, and 50 percent of these values

4.3.8.8.2DV.6 C

ontrol terminals

4.3.8.8.2DV.6.1 Terminals for control, signal, or sensor circuits shall accept 14 AWG (2,1
mm?) minimum, unless marked (on the product or INSTALLATION instructions) for the

connection of

4.3.8.8.3 Connection

18 AWG (0,82 mm?) and 16 AWG (1,3 mm?) conductor size(s).

Terminals for connection to external conductors shall be readily accessible during installation.

Clamping screws and nuts shall not serve to fix any other component although they may hold the terminals
in place or prevent them from turning.
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4.3.8.8.4 Wire bending space for wires 10 mm? and greater

For LOW-VOLTAGE PDS, the distance between a terminal for connection to the main supply, or between
maijor parts of the PDsS (for example, motor, transformer, cDM/BDM), and an obstruction toward which the
wire is directed upon leaving the terminal shall be at least that specified in Table 13.

Table 13
Wire bending space from terminals to enclosure
Size of wire Minimum bending space. terminal to enclosure
mm? mm
Wires per terminal

1 2 3

10-16 40 - -

25 50 - -

35 65 - =
50 125 125 180
70 150 150 190
95 180 180 205
120 205 205 230
150 255 255 280
185 305 305 330
240 305 305 380
300 355 405 455
350 355 405 510
400 455 485 560
450 455 485 610

For HIGH-VOLTAGE PDS, the minimum wire bending space-for conductors for interconnection between parts
of the PDs or to the main|supply shall be:

» eight times the overall giameter for non-shielded conductors,
or
« 12 times the overall digmeter for.shielded or lead-covered conductors.

4.3.8.8.4DV DR|Madification to replace 4.3.8.8.4 with the following:

4.3.8.8.4DV.1 Wire bending space for wires 8 AWG (8,4 mm?) and greater

4.3.8.8.4DV.1.1 The space between the end of the soldering lug or pressure wire connector
for the connection of field-installed wire and the wall of the enclosure toward which the
wire is directed upon leaving the lug or connector shall be at least that specified in Table
4.3.8.8.4DV.1.

4.3.8.8.4DV.1.2 The space specified in 4.3.8.8.4DV.1.1 is to be the length of a straight line
extending from the end of the soldering lug or pressure wire connector where the wire is
connected toward and perpendicular to the enclosure wall toward which the wire is initially
directed.
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4.3.8.8.4DV.1.3 When a wire is restricted by barriers or other means from being bent where
it leaves the connector, the distance required by 4.3.8.8.4DV.1.1 and Table 4.3.8.8.4DV.1 is
to be measured from the end of the barrier. A terminal lug or connector as described in
4.11DV.1.2 is to be repositioned anywhere within the limits to obtain the shortest distance
for measurement.

4.3.8.8.4DV.1.4 The wire size used to determine the wire bending space is based on 125
percent of the motor full-load current rating. See Table DVE.1 or Table DVE.2 for the full-
load current rating of horsepower rated motors.

Table 4.3.8.8.4DV.1
Wire Bending Space at the Terminals of Enclosed Power Conversion Equipment
Minimum bending space, Terminal to wall, in (mm)
Size of wire? Wires per terminal
AWG or kenjil (mm?) 1 2 3
14-10 (2,1-5,3) - - - - € -
8-6 (8,4-13,3) 11/2 (38) - - - -
4-3 21,2 - 26,7) 2 (51) - - - -
2 (33,6) 2-1/2 (64) - - - -
1 (42,4) 3 (76) - o - -
1/0 (53,5) 5 (127) 5 (127) 7 (178)
2/0 (67.4) 6 (152) 6 (152) 7-1/2 (191)
3/0 (85,0) 7 (178) 7 (178) 8 (203)
4/0 (107,2) 7 (178) 7 (178) 8-1/2 (216)
250 (127) 8 (203) 8 (203) 9 (229)
300 (152) 10 (254) 10 (254) 1 (279)
350 (77) 12 (305) 12 (305) 13 (330)
400 (203) 12 (305) 12 (305) 14 (356)
500 (253) 12 (309) 12 (309) 15 (381)
600 (304) 14 (356) 16 (406) 18 (457)
700 (355) 14 (356) 16 (406) 20 (508)
750 — 800 (380 - 405) 18 (457) 19 (483) 22 (559)
900 (456) 18 (457) 19 (483) 24 (610)
NOTE — Where pfovisionfor more than three conductors per terminals is provided, the bending space shall be
in accordance with the.appropriate tables for cabinets and boxes in Article 312 of the National Electrical Code,
ANSI/NFPA 70.
@ The wire size is to be based on 4.3.8.8.2DV.1.

4.3.9 Output short-circuit requirements

The PDs shall not present a thermal hazard, electric shock or energy hazard under short-circuit conditions
at any output that is capable of providing power. In some cases, short-circuit protection may be provided
by external measures, the characteristics of which shall be specified by the manufacturer.

The short-circuit evaluation of each power output of the cbm/BDM shall include short-circuits of both

* phase to phase, and
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» each phase to earth.

If the cDm/BDM provides

galvanic isolation between all power ports and a power output, then evaluation of

phase to earth short-circuits for that specific power output, and any additional power outputs with galvanic
isolation, is not necessary.

Compliance with the requirement of IEC 60364-4-41:2005/AMD1:— Clause 4113, and Annex D is shown by

» testing according to 5.2.3.6.5, or

* supplementary proted
415.2.

3 Under preparation. Stage at

The ELECTRONIC POWER
the short-circuit test in 5

NOTE IEC 60364-4-41:2005/A
circuit between hazardous LIV

Consideration shall be g
earthed) as the short-cir

NOTE Especially, the short-ci
output depending on system ¢

tive equipotential bonding In accordance with IEC bUso4-4-471:2009/AMDT.—,

he time of publication: IEC DEC 60364-4-41:2016.

SHORT-CIRCUIT PROTECTION CIRCUITRY relied on to demonstrate compliance with
2.3.6.3 shall also comply with the requirement of 5.2.9.

MD1:—, 411.3.2, provides more information about protection against indirect tontact in case of a short-
E PARTS and protective earth.

ven to compliance with different type of system earthing (e.g. TN, TT, IT or corner-
Cuit current to protective earth depends on the typelaf'system earthing.

rcuit fault current to earth is expected to be lower or equal to the rated output current of the power
prthing.

For information requirenpents, see 6.3.7.

For co-ordination with
PROSPECTIVE SHORT-CIR

protection devices with

NOTE The maximum PROSP
the PDS.

Short-circuit evaluation §

upstream protection devicesJthe manufacturer shall specify a maximum
CUIT CURRENT rating corresponding to each power output of the cbm/BDM. If

articular characteristics are.necessary, these shall also be specified.

FCTIVE SHORT-CIRCUIT.CURRENT rating refers to the capability of the power source which supplies

hall be performed according to 5.2.3.6 on all power outputs.

4.3.9DV.1 D2 Mpdification:

4.3.9DV.1.1 Thq humber, arrangement, and ratings or settings of protective devices

intended to provide motor branch-circuit short-circuit and ground-fault protection shall be

as required by

Part IV, Article 430 of the National Electrical Code, ANSI/NFPA 70.

4.3.9DV.1.2 The first sentence of the eighth paragraph is replaced by: For co-ordination

with upstream
SHORT-CIRCUIT C

protection devices, the manufacturer shall specify a maximum PROSPECTIVE
URRENT rating. The short-circuit current rating shall be no less than the

current specified in Table 4.3.9DV.1 based on the horsepower rating of the drive. For a drive
rated only in current and not in horsepower, the equivalent horsepower rating shall be as
specified in Table DVE.1 and Table DVE.2.

4.3.9DV.1.3 Testing shall be done in accordance with 5.2.3.6.5, the use of supplementary
protective equipotential bonding in accordance with IEC 60364-4-41:2005/AMD1:—, 415.2 is
not applicable in the United States.
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Note IEC 60364-4-41:2005/AMD1:—, 411.3.2 is not applicable in the United States.

4.3.9DV.2 D2 Modification to add the following:

4.3.9DV.2.1 Other than as noted in 4.3.9DV.2.2, a drive series shall comply with the Short
Circuit Test — High Fault Currents, 5.2.3.6.2.1DV.5, and the Short Circuit Test — Standard

Fault Currents, 5.2.3.6.1DV, when it is intended to be rated with:

a) A standard fault current value in accordance with Table 4.3.9DV.1; and

b) A hidh fault current value in excess of the standard fault current value.

4.3.9DV.2.2 A drive series is in compliance with the Short Circuit Test — High Fault Currents,
5.2.3.6.2.1DV.§, without additional testing when:

a) The drive series uses SOLID STATE SHORT CIRCUIT PROTECTION circuitry for
complignce with the standard fault current short circuit test; and

b) The §OLID STATE SHORT CIRCUIT PROTECTION circuitry is used in accordance with

4.3.9DV2.3.

Table 4.3.9DV 1

Short Circuit Test Current Values for Devices Rated600 V or Less

Ratings Test current
hp (kW) A

0[50 (0-37,3) 5000
51 (200 (39-149) 10 000
201|- 400 (150.5298) 18 000
401(- 600 (299 — 447) 30000
601|—900 (448 - 671) 42000
90111600 (672-1193) 85000

1 601 for more (1194 or more) 100 000

125 000

150 000 or 200 000

for a drive ser

3. . model is able to serve as the representative model from a series that uses
SOLID STATE SHQRT.CIRCUIT PROTECTION circuitry for compliance with this test. As an example,

the 25 hp model at 5 000 A represents the testing of any models at 10 000 A, 18 000 A, 30
000 A, or 42 000 A. In addition, short circuit testing may be conducted at 5 000 A to
represent higher short circuit test values when all of the following requirements are met:

a) The same solid state protection circuitry is used throughout the series;

b) Any revisions to the protection circuitry requires re-evaluation;

c) The protection circuitry turns off the output devices (Insulated Gate Bi-polar
Transistor (IGBT), bi-polar, and similar devices prior to the time in which the devices
are damaged by any increase in current. This is based on the manufacturer’s rating
of the output devices (typically 10 us for IGBTs, and 50 ps for bi-polars);
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d) Any increase in current experienced by the output devices is the result of the DC
bus capacitor bank discharging;

e) The output devices are turned off by the protection circuitry prior to any
significant increase in the input current;

f) In response to a higher standard fault current (for example 42 000 A vs. 5 000 A),
the protection circuitry shall react to the higher standard fault current (42 000 A) in
the same or shorter time as the lower standard fault current (5 000 A). This may be

verified through testing at the higher fault current value or through inspection of the
SOLID STATE SHORT CIRCUIT PROTECTION hardware and software circuitry; and

g) When relying on current sensing (as opposed to output device collector voltage
sensing) to actuate the protection circuitry, either the DC bus or all main motor
output lines shall be monitored.

comply with th

short circuit test power factor requirements in the Standard for,Low-

4.3.9DV.24 A dEve that does not rely solely on solid-state short circuit protectionshall also

Voltage Switch
Electromechan

ear and Controlgear — Part 4-1: Contactors and Motor-Starters.~
ical Contactors and Motor-Starters, UL 60947-4-1.

4.3.10 Residual currgnt-operated protective (RCD) or monitoring (RCM) device compatibility

RCD and RCM are use
INSTALLATIONS, additiond

An insulation fault or d
component to flow in thg

of type A or AC (see Il
INSTALLATION.

Annex G gives guideling
PDS shall satisfy one of {
a) A plug-connected sir

industrial connector acc

it does not reduce the 3
INSTALLATION.

b) For plug-connected ¥

d to provide protection against insulation faultssin‘'some domestic and industrial
| to that provided by the installed equipment.

irect contact with certain types of PDSxgircuits can cause current with a d.c.
PROTECTIVE EARTHING CONDUCTOR and:thus reduce the ability of an RCD or RCM
FC 60755 and IEC 62020) to provide’ this protection for other equipment in the

s to assist with the selection(of the RCD or RCM type.

he following conditions:

gle-phase pDsywith rated input current less than or equal to 16 A, not using an
brding to IEC160309, shall be designed so that, under normal and fault conditions,
bility of RCD-and RCM of type A to provide protection for other equipment in the

having a fixed connectie

PDS other than a) with an industrial connector accordlng to IEC 60309 and PDS

caution notice and the symbol ISO 7000 0434 (2004 01) shall be prowded in the user manual and the
symbol shall be placed on the PDs (see 6.3.6.7 and Annex H.

See 6.3.6.7 for information and marking requirements.

NOTE For design and constru

ction of electrical INSTALLATIONS, care should be taken with RCD or RCM of Type B. All the RCD or

RCM upstream from an RCD or RCM of Type B up to the supply transformer should be of Type B.

4.3.10DV D2 Deletion:

The requirements of 4.3.10 are not applicable.
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4.3.11 Capacitor discharge

Capacitors within a PDs shall be discharged to a voltage less than 60 V, or to a residual charge less than
50 uC, within 5 s after the removal of power from the PDS. If this requirement is not achievable for
functional or other reasons, the information and marking requirements of 6.5.2 apply. See 5.2.3.7 for test.

NOTE This requirement also applies to capacitors used for power factor correction, filtering, etc.

In the case of plugs or similar devices that can be disconnected without the use of a tool, the withdrawal of
which results in the exposure of conductors (e g pins), the discharge time shall not exceed 1s. Other\lee

1 s nor a protection of gt least IPXXB can be achieved, addltlonal dlsconnectmg devices or an appropriate
warning device shall belapplied.

4.3.11DV D1 Mpdification:

4.3.11DV.1 In modification of the first sentence, the discharge requirement is to achieve a
voltage less tHan 50 V within 1 min after the removal of power from the PDS/CDM/BDM.

4.3.11DV.2 In the case of plugs or similar devices that can be disconnected without the use
of a tool, the djscharge voltage requirement is to achieve a voltage less than 50 V within
1s.

4.3.12 Access conditions for HIGH-VOLTAGE PDS

The high voltage sectlons (transformer, converter, motor, etc.)-'shall be protected by an appropriate
housing enclosure accdrding to IEC 60204-11 with respect to-personnel safety.

a) Operating conditions

Interlocking dodrs shall prevent any access inside the enclosure of the high voltage converter

section when miain circuit breaker(s) providing the high voltage to the circuit are on, and if LIVE
PARTS have not been earthed (see b)):

b) Access for maintenapce — earthing instructions

The earthing operation~is\ performed after the normal discharge time stated by the converter
manufacturer. Cpre shallbe taken to ensure that this operation is safe even in case of failure of the
discharge circuif. Gareshall also be taken that on the input and output side the stray capacitance of

reqwrements of4.3.11 apply.

Earthing devices (earthing switches and/or earthing cables) shall be provided in sufficient quantity
to facilitate work being carried out in safety on the LIVE PARTS of the HV equipment of the PDs. The
earthing devices shall comply with the relevant requirements of IEC 62271-102 or IEC 61230. The
earthing contacts, or an indication that the contacts of the switches are closed, shall be visible by
the maintenance personnel before they access the equipment.

NOTE In particular cases, (for example, load-commutated inverters), two earthing devices (one line side, one load side) can
be required.

For parts which are not directly earthed by an earthing switch the component manufacturers shall provide
safe instructions to perform earthing (see 6.3.6.6).
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4.3.12DV D2 Deletion:

This clause is
this document.

not applicable because high-voltage products are outside of the scope of

4.3.13DV DR Addition:

4.3.13DV.1 CONTROL CIRCUIT transformer grounding

4.3.13DV.1.1 Where the secondary of a CONTROL CIRCUIT transformer is intended to supply
an external cir¢uit, the secondary shall be grounded under any of the following:

a) If the fransformer primary voltage exceeds 150 V to ground, and the secondary
voltage |s 50 V or less;

b) If the secondary voltage is 50 V to 1 000 V, and the secondary can be grounded
such that the maximum voltage to ground for the ungrounded conductors does not

exceed

43.14DVDRA

50 V.

dition:

4.3.14DV.1 Transformers protection

4.3.14DV.1.1 cq

4.3.14DV.1.1.1
supplies a circ

NTROL CIRCUIT transformer

Dther than as noted in 4.3.14DV.1.13;'a transformer whose secondary
Lit incorporating the coil of an internal or external motor control contactor

(such as for soft starting) shall be provided with additional protection that complies with

4.3.14DV.1.1.2.

4.3.14DV.1.1.2]
be a suppleme
UL 248 series ¢
and Circuit Bre

(a) or (b) below:

a) Forp

[he additional transformer protection required by 4.3.14DV.1.1.1 shall either
ntary or a branch circuit type fuse or circuit breaker in accordance with the

r the Standard for)Molded-Case Circuit Breakers, Molded-Case Switches
aker Enclosures, UL 489, respectively and shall be in accordance with either

otection proveded only in the primary, the protection shall be provided in

accordance with one of the following:

1

in accordance with Table 4.3.14DV.1; and either,

2) In the transformer primary and rated or set at a maximum of six times the
rated transformer primary current when the transformer has no more than 6
percent impedance and coordinated thermal overload protection is arranged
to interrupt the primary circuit; or,

3) In the transformer primary and rated or set at a maximum of four times the
rated transformer primary current when the transformer has more than 6
percent and less than 10 percent impedance and coordinated thermal
overload protection is arranged to interrupt the primary circuit;
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b) For protection provided in both the primary and secondary, the protection shall
be provided in accordance with one of the following:

1) In the transformer primary and rated or set at not more than 250 percent of
the rated transformer primary current and provided in the transformer
secondary and rated or set at not more than 125 percent of the rated
transformer secondary current; or

2) In the transformer primary and rated or set at not more than 250 percent of
the rated transformer primary current and provided in the transformer
secondary and rated or set in accordance with line 2 of Table 4.3.14DV.1 when

therated transformer secondary current is Z A or more.

4.3.14DV.1.1.3|A transformer is not required to be additionally protected when any of the
following conditions exist:

a) The

transformer secondary supplies a Class 1 power-limited or Class 3 remote-

CONTROL CIRCUIT or supplies a Class 2 (see DVC.1.4), Limited Voltage/Current (see
DVC.1.9), Limited Energy (see DVC.1.6) or Limiting Impedance (see DVC:1.7)

b) The

secondIry circuit;

ansformer secondary is rated less than 50 VA, is inherently protected and is

an integral part of the drive;

c) The

Rranch circuit protection provides the required additional protection; or,

d) The gdditional protection is provided by other means that comply with the
applicaple requirements in the National ElectricalbCode, NFPA 70.

Table 4.3.14DV.1
Maximum Rating of Overcurrent Device

Maximum rating of overcurrent protective device
expressed as a percent of transformer primary current
Rating primary current, A rating
Less than 2 500
2toless than9 167
9 or more 1252

2When 125 percent of the current does not correspond to a standard fuse or nonadjustable circuit breaker
rating, then the rjext higher-standard rating shall be used. See Section 240-6 of the National Electrical Code,

ANSI/NFPA 70.

4.3.14DV.1.2

CONTROL CIRCUIT wiring and transformer comhination

4.3.14DV.1.2.1 For a single phase transformer with only one 2-wire secondary, compliance
with the additional wiring and transformer protection requirements of 4.3.8.1DV.1.1 and
4.3.14DV.1.1.1 is obtainable by protective devices in any ungrounded primary conductor.
The protective devices shall:

a) Be

located in the primary of the transformer;

b) Have its maximum rating or setting limit calculated by using the appropriate
protective device value from Table 4.3.8.1DV.2 based on the AWG of the secondary
wiring and multiplying this value by the secondary-to-primary voltage ratio of the
transformer; and
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c) Have

its actual rating or setting be within this maximum limit and also be in

accordance with 4.3.14DV.1.1.2 (a) and (b).

4.3.14DV.1.3 Transformers

4.3.14DV.1.3.1 Other than as noted in 4.3.14DV.1.3.2, a transformer employed in
pPDs/cDM/BDM shall comply with the appropriate standard for transformers, unless the load is

part of the equipment, in which case the transformer shall comply with the Temperature
Test, 5.2.3.8, and the AC or DC Voltage Test, 5.2.3.2.

4.3.14DV.1.3.2
by the applicah
4.3.14DV.1.31
potential in acq

applies are tho

le UL transformer Standard are in compliance with the requirement of
hen they withstand, without breakdown, a dielectric voltage withstand
ordance with the AC or DC Voltage Test, 5.2.3.2, applied between the

e that rely upon magnet wire coating to provide isolation instead of

primary and s;ondary windings. An example of transformer constructions for which this

interwinding t

4.3.15DV D2 A(

pe.

Jdition:

4.3.15DV.1 Bloyer motors

4.3.15DV.1.10
Voltage/Curre

her than blower motors located in a Class 2 (see-DVC.1.4), Limited
(see DVC.1.5) or Limiting Impedance (see:DVC.1.7) secondary circuit, each

blower motor shall be provided with:

a) Lock

b) An en

4.3.15DV.1.2 TH

a) Comp
Protecti

b) Comg
Overhes

c) Involy
the prot

d rotor protection in accordance with\4.3.15DV.1.2; and,

closure in accordance with Enclosures, Annex DVD.

e locked rotor protection required by 4.3.15DV.1.2 shall:

ly with the thermal protection requirements in the Standard for Overheating
bn for Motors, UL 2111; or,

ly with the impedance protection requirements in the Standard for
ting Protection for Motors, UL 2111; or,

e an alternative protection means that is shown by test to be equivalent to
pction. specified in (a).

4.3.15DV.1.3 Regarding 4.3.15DV.1.2(c), an example of an alternative protection means is
the use of fusing to limit the locked rotor temperature of the blower motor windings in
accordance with the thermal protection requirements in the Standard for Overheating
Protection for Motors, UL 2111. The fusing in this example shall be branch circuit or
supplementary types in accordance with the UL 248 series.

4.3.16DV D2 Addition:

4.3.16DV.1 Fuseholders

4.3.16DV.1.1 Ot

her than as noted in 4.3.16DV.1.2 and 4.3.16DV.1.3, power conversion

equipment incorporating a disconnect switch and a fuseholder shall be so constructed that
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when the swit

ch contacts are open, the fuse may be replaced without touching any

energized part.

4.3.16DV.1.2 A control-circuit fuse arrangement is not required to comply with this
requirement when the fuse and control-circuit load — other than a fixed control-circuit load,
such as a pilot lamp — are within the same enclosure.

4.3.16DV.1.3 This requirement is not applicable to fuses that are non-accessible and are not
for renewal. Fuses are considered non-accessible when destruction or damage to the
enclosure or some portion of the assembly containing the fuseholder is required to contact

LIVE PARTS.

4.4 Protection again

4.41 Minimizing the

st thermal hazards

risk of ignition

The risk of ignition dug to high temperature shall be minimized by the appropriate selection and use of

components and by sui

able construction.

Electrical components ghall be used in such a way that their maximum working temperature under normal

load conditions is less

han that necessary to cause ignition of the surrounding materials with which they

are likely to come into cpntact. The limits in Table 15 shall not be exceeded-forthe surrounding material.

Where it is not practica

to protect components against overheating under fault conditions, all materials in

contact with such comppnents shall be of flammability class V-1, ac¢ording to IEC 60695-11-10, or better.

Compliance with 4.4.2
and, where necessary,

to 4.4.5 shall be confirmed by inspegtion of component and material data sheets
Dy test.

4.4.1DV D2 Maqdification:

4.4.1DV.1 There are no requirements for monitoring of temperature under fault conditions.

4.4.1DV.2 Whe

the temperature on the back of equipment exceeds 90 °C (194 °F) per Table

16, when operated under normal conditions, the construction shall be such that only the
points of support are in,contact with a plane mounting surface with the remainder of the
equipment spaced at least 1/4 in (6,4 mm) from the mounting surface. In addition, the

mounting su
test.

ce shall'not attain a temperature higher than 90 °C during the temperature

4.4.2 Insulating materials

4.4.21 General

A material which is use
requirements.

d for the direct support of an uninsulated LIVE PART shall comply with the following

NOTE A material is typically considered to be in direct support of an uninsulated LIVE PART when:

a) itis in direct physical

contact with the uninsulated LIVE PART, and
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b) it physically supports or maintains the relative position of the uninsulated LIVE PART.

The insulating material
temperature rise test of
additionally provides me

shall be suitable for the maximum temperature it attains as determined by the
5.2.3.8. Consideration shall be given as to whether or not the insulating material
chanical strength and whether or not the part can be subject to impact during use.

4.4.2.2 Material requirements

The insulating material shall have a CTl of 100 or greater.

No further evaluation is

equired when generic materials are used according to lable 14.

Generfic materials for the dir:gtbéi;:ort of uninsulated LIVE PARTS
Generic materid| Minimum thickness (mm) Maximum temperature (° C)
Any cold-moulded compositipn No limit No limit
Ceramic, porcelain No limit No limit
Diallyl phthalate 0,7 105
Epoxy 0,7 105
Melamine 0,7 130
Melamine-phenolic 0,7 130
Phenolic 0,7 150
Unfilled nylon 0,7 105
Unfilled polycarbonate 0,7 105
Urea formaldehyde 0,7 100

In other cases, the insu
temperature of 850 °C. 1

Where an insulating m
12,7 mm of the contacts

The manufacturer may
the above requirements

ating material shall comply with the glow-wire test described in 5.2.5.2 at a test
[he alternative hot wire ignition test of 5.2.5.3 may be used.

pterial is used in a\device that incorporates switching contacts, and is within
it shall comply with the high current arcing ignition test of 5.2.5.1.

provide datafrom the insulating material supplier to demonstrate compliance with
In this ease, no further testing is required.

4.4.2.2DV D2 Mlodification to replace 4.4.2.2 with the following:

4.4.2.2DV.1 Other than as noted in 4.4.2.2DV.2 — 4.4.2.2DV.8, a material that is used for the
direct support of an uninsulated LIVE PART shall comply with the Flammability, Relative
Thermal Index (RTI), Hot Wire Ignition (HWI), High-Current Arc Resistance to Ignition (HAI),
and Comparative Tracking Index (CTI) values indicated in Table 4.4.2.2DV.1. A material is in
direct support of an uninsulated LIVE PART when:

a) It is in direct physical contact with the uninsulated LIVE PART; and

b) It serves to physically support or maintain the relative position of the uninsulated
LIVE PART.

4.4.2.2DV.2 Materials without HWI Performance Level Category (PLC) values or with HWI
PLC values higher (worse) than those required by Table 4.4.2.2DV.1 must comply with the
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end-product Abnormal Overload Test in accordance with the Standard for Polymeric
Materials — Electrical Equipment Evaluations, UL 746C.

4.4.2.2DV.3 Materials without HAI Performance Level Category (PLC) values or with HAI
PLC values higher (worse) than those required by Table 4.4.2.2DV.1 must comply with the
end-product Arc Resistance Test in accordance with the Standard for Polymeric Materials —
Use in Electrical Equipment Evaluations, UL 746C.

4.4.2.2DV.4 Materials used in devices that do not incorporate contacts are not required to
comply with the HAI Performance Level Category PLC requirements.

4.4.2.2DV.5 Materials that are used in devices that incorporate contacts and are not used
within 1/2 in (12,7 mm) of the contacts are not required to comply with the HAI Performan¢e
Level Category PLC requirements.

4.4.2.2DV.6 Materials without CTI Performance Level Category PLC values or with CTI PLC
values higher [worse) than the CTl required by Table 4.4.2.2DV.1 must comply with the end-
product Arc Rrsistance Test in accordance with the Standard for Polymeric.Materials —
Electrical Equipment Evaluations, UL 746C.

4.4.2.2DV.7 Materials without CTl Performance Level Category PLC values or with CTI PLC
values higher [worse) than the CTl required by Table 4.4.2.2DV.1 comply with the intent of
CTI PLC requifement when:

a) They|have a High-Voltage-Arc Tracking (HVTR) PLC value of 1 or lower (better); or
b) The greepage distances between the uninsulated LIVE PARTS is 1/2 in (12,7 mm)

minimum.

Table 44.2.2DV.1
Minimun) material characteristics for, the direct support of uninsulated LIVE PARTS

UL 94 Flame Clgss RTI Elec HWIP HAIP cTIe %
HB a 2 1 3
V-2 a 2 2 3
V-1 a 3 2 3
V-0 a 4 3 3

2 The electrical RTI value of.amaterial is to be determined in accordance with the Standard for Polymeric
Materials — Long| Term Property Evaluations, UL 746B by test. This material characteristic is dependent upon
the minimum thigkness\at which the material is being used and shall not be exceeded during the Temperature
Test, 5.2.3.8.

accordance with the Standard for Polymeric Materials — Short Term Property Evaluations, UL 746A. This
material characteristic is dependent upon the minimum thickness at which the material is being used.

¢ The CTI PLC value of a material is to be determined by test in accordance with the Standard for Polymeric
Materials — Short Term Property Evaluations, UL 746A. This material characteristic is not dependent upon the
minimum thickness at which the material is being used. When the thickness of an insulating material is less
than the minimum specified thickness corresponding to a CTl value, the material is evaluated as having the
same CTI value found for the greater thickness. The CTI value applies to insulating materials used in pollution
degree 3 environments for voltages of 600 V or less. For equipment where pollution degree 1 or 2 is maintained,
an insulating material shall have a CTI PLC of 4 or less. For equipment rated 601 — 1500 volts, see footnote (e).

Table 4.4.2.2DV.1 Continued on Next Page

® The HAI and HWI-PeTformance tevel Category (PLC) vatue of a matertatis to-be determined by testim———————
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Table 4.4.2.2DV.1 Continued

UL 94 Flame Cla

ss RTI Elec HWIP | HAIP CTI®%°

4.4.2.2DV.1 shall
tracking index of

746C.

9 A material without a CTI PLC value or with a CTI PLC value greater (worse) than the value required by Table

Tracking Test specified in the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL

¢ For equipment having rated supply voltage 601 — 1500 volts, the insulating material shall not track beyond one
inch in less than 60 minutes using the time to track method of the Inclined Plane Tracking Test specified in the
Standard for Polymeric Materials — Short Term Property Evaluations, UL 746A. The voltage for the Inclined
Plane Tracking Test shall be not less than the RATED VOLTAGE of the equipment.

have a proof tracking index of 175 when used in pollution degree 3 environment or a proof
100 when used in pollution degree 1 or 2 environment as determined by the end-product Proof

4.4.2.2DV.8 No
parts when the
within its minin
Temperature R
4.4.2.2DV.9 For
used as direct
except for the (

4.4.2.2DV.10 Fd

dditional evaluation is required for the direct support of uninsulated live
generic materials used comply with Table 14. Each material shall be used
hum thickness and its RTI value shall not be exceeded during the
se Test, 5.2.3.8.

equipment having rated supply voltage 601 — 1 500 V, an insulating material
br indirect support of an uninsulated LIVE PART shall comply with 4.4.2.2DV.1,
LTl requirement specified in 4.4.2.2DV 1.

material used

r equipment having rated supply voltage 601 — 1 500 V;’an insulating
direct or indirect support of an uninsulated LIVE PART shall comply with

s
The IncIined-P]ane Tracking Test of the Standard for PolymericdMaterials — Electrical
I

Equipment Ev
voltage.
4.4.3 Flammability of
Materials used for enclo

Metals, ceramic materia
to comply without test.

Materials are considerg

uations, UL 746C. The test may be conducted at the application (rated)

enclosure materials
sures of PDS shall meet the test requirements of 5.2.5.4.

s, and glass which is heat*resistant tempered, wired or laminated, are considered

d to comply without test if, in the minimum thickness used, the material is of

flammability class 5VA, according tolEC 60695-11-20.

Components which fill gn opening in an enclosure, and which are intended to be mounted in this way,

need not be evaluated

forscompliance with the flammability requirements of 5.2.5.4, provided that the

components comply with the flammability aspects of the relevant IEC component standard.

NOTE Examples of these com

ponents are fuse-holders, switches, pilot lights, connectors and appliance inlets.

Compliance is checked by visual inspection and, where necessary, by test.

The manufacturer may provide data from the insulating material supplier to demonstrate compliance with

the above requirements.

In this case, no further testing is required.

4.4.3DV D2 Modification:

Compliance wi

th flammability class 5VA shall be evaluated in accordance with Tests for

Flammability of Plastic Materials for Parts in Devices and Appliances, UL 94.
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4.4.4 Temperature limits
4.4.4DV D2 Modification to add the following:

4.4.4DV.1 The environmental temperature addressed in the USA is 0 — 40 °C, ( 32 — 104 °F)
unless otherwise stated.

4.4.4DV.2 Equipment shall be rated for service in an AMBIENT TEMPERATURE of 40 °C (104 °F)
or at a higher or lower AMBIENT TEMPERATURE at an interval from 40 °C (104 °F) in a whole
number multiple of 5 °C (9 °F), such as 45, 50, 55, 60.

4.4.4DV.3 pps/¢DM/BDM tested under the conditions described in 5.2.3.8 shall not attain a
temperature af any point that will adversely affect any materials employed in the
equipment, and shall not exceed the values specified in Table 15DV and Table 16.

4.4.4.1 Internal parts|

Equipment and its component parts shall not attain temperatures in excess of those ,in Table 15 when
tested in accordance with the ratings of the equipment.

Maximunm measured temperatur(;rsa?clﬁ i1n5ternal materials and components
Thermometer Resistance method
Materials and components method (°C)
(°C)
1 Rubber- or thermoplastic-insulated conductors?® 75
2 USER TERMINALS
3 Copper bus bars anfl connecting straps
4 Insulation systems
Class A (105) 105 125
Class E (120) 120 135
Class B (130) 125 145
Class F (155) 135 155
Class H (180) 155 175
Class N (220) 195 215
5 Phenolic composition2 165
6 On bare resistor material 415
7 Capacitor e
8 Power switching semiconductors f
9 PWBs g
10 Liquid cooling medium h

@ The limitation on phenolic composition and on rubber and thermoplastic insulation does not apply to compounds which have
been investigated and found to meet the requirements for a higher temperature.

® The temperature on a wiring terminal or lug is measured at the point most at risk of being contacted by the insulation of a
conductor installed as in actual service.

Table 15 Continued on Next Page
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Table 15 Continued

Materials and components

Thermometer
method
(°C)

Resistance method
(°C)

¢ The maximum terminal temperature shall not exceed 15 °C more than the insulation temperature rating of the conductor or cable
specified by the manufacturer (see 6.3.6.4).

9 The maximum permitted temperature is determined by the temperature limit of support materials or insulation of connecting
wires or other components. A maximum temperature of 140 °C is recommended.

¢ For a capacitor, the maximum temperature specified by the manufacturer shall not be exceeded.
fThe maximum temperature on the case shall be the maximum case temperature for the applied power dissipation specified by

the semiconductor manufact
9 The maximum operating tel

P The maximum temperature
characteristics of the mediun

irer.

nperature of the PWB shall not be exceeded.

of the cooling medium, specified by the manufacturer of the medium or determined from the known
, shall not be exceeded.

The resistance method
of the temperature rise g

where:

* At is the temperature ri

5e;

At

= k1)~ (k1)
1

18

* 1, is the resistance at the end of the test (Q);

* ry is the resistance at the beginning of the test (Q);

* t; is the ambient tempe
* t, is the ambient tempe

* k is 234,5 for copper,
other conductors shall b

Table 15DV D2

e determined:

rature at the beginning of the'test (° C);

rature at the end of the test (° C);

Table 15DV

Modification to replace Table 15 with the following:

for temperature measurement as specified in Table 15 consists of the.calculation
f a winding using the equation:

225,0 for elecjrical conductor grade (EC) aluminium; values of the constant for

Maximum measured temperatures for internal materials and components

Materials and components Thermometer Resistance method
method °C
°C
1 Rubber- or thermoplastic-insulated conductors a
2 USER TERMINALS® c, i, j, k1
3 Copper bus bars and connecting straps d
4 Insulation systems
Class A (105) 105 125

Table 15DV Continued on Next Page
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Table 15DV Continued

Materials and components Thermometer Resistance method
method °C
°C
Class E (120) 120 135
Class B (130) 125 145
Class F (155) 135 155
Class H (180) 155 175
Class N (220) 195 215
5 Phenglic composition?® 165
6 On baye resistor material 415
7 Capadgitor e
8 Power switching semiconductors f
9 PWB g
10 Liquid cooling medium h

2 The limitation dn phenolic composition does not apply to compounds which have been investigated and
found to meet thp requirements for a higher temperature. For rubber- or thermoplastic-insulated conductors,
the temperature ghall not exceed the maximum operating temperature specified by thexconductor

manufacturer.
® The temperatu

insulation of a cgnductor installed as in actual service.
¢ Other than as npodified by footnote k, the maximum terminal temperature shal'not exceed 15 °C more than the

insulation temp

9 The maximum
of connecting wi

¢ For a capacitor,

f The maximum 4|
dissipation spec

9 The maximum

h The maximum femperature of the cooling medium|-specified by the manufacturer of the medium or

determined from
i See 6.3.6.4DV.1

i In equipment r:rrked for 60 °C (140 °F) supply wire, the terminal temperature shall not exceed 75 °C (167 °F).

kIn equipment
for connectors nj
90 °C (194 °F).

I Equipment mar|

on a wiring terminal or lug is measured at the point most at risk of-being contacted by the

rature rating of the conductor or cable specified by the manufacturer (see 6.3.6.4).

bermitted temperature is determined by the temperature-limit of support materials or insulation
Fes or other components. A maximum temperature ©f;140 °C is recommended.

the maximum temperature specified by the manufacturer shall not be exceeded.

pmperature on the case shall be the maximuin:case temperature for the applied power
fied by the semiconductor manufacturer.

bperating temperature of the PWB shall'not be exceeded.

the known characteristics of the.medium, shall not be exceeded.
5.

arked for 75 °C (167/°F) supply wire, the terminal temperature shall not exceed 75 °C (167 °F)
arked AL7CU andforconnectors marked AL9CU the terminal temperature shall not exceed

ked for 60/75°C supply wires shall comply with both notes j and k of this table.

4.4.4.2 External parts

5 of'cDM

The maximum temperature for accessible exterior parts of the cbm shall be in compliance with Table 16. It
is permitted that parts have temperatures exceeding these values, but they shall then be marked with a
warning statement as given in 6.4.3.4. Under no circumstances shall the temperature of accessible parts

exceed 150 °C.
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Table 16
Maximum measured temperatures for external parts of the cbm

Material
Part Metal Thermoplastic or glass
(°C) (°C)
User operated devices (knobs, handles, switches, displays, etc.). 55 65
Enclosure parts accessible to user by casual contact. 70 80
Enclosure parts where they contact building materials upon 90 90
installation.

4.4.5 Specific requirelments for liquid cooled PDs

NOTE Sealed heat-pipe coolifig systems, used to transfer heat from a hot component to a heat sink, are not considered to be\iquid
cooling systems in this interngtional standard. However, the possible failure of such components should be considered during the
circuit analysis of 4.2.

4.4.51 Coolant

The specified coolant (see 6.2) shall be suitable for the anticipated ambient temperatures. Coolant
temperature in operatior) shall not exceed the limit specified in Table 15.

4.4.5.1DV D2 Modification:
Unless the pPOs/BDM/cDM is rated and marked for a different temperature range, the
anticipated AMBIENT TEMPERATURE is 0 — 40 °C (32 — 104 °F).

4.4.5.2 Design requirements

4.45.21 Corrosion rgsistance

All cooling system complonents shall be suitable for use with the specified coolant. They shall be corrosion
resistant and shall not cprrode as a result of.electrolytic action or prolonged exposure to the coolant and/or
air.

4.4.5.2.2 Tubing, join{s and seals

Cooling system tubing,| joints“and seals shall be designed to prevent leakage during excursions of
pressure over the life pf the” equipment. The entire cooling system including tubing shall satisfy the

requirements of the Hyd ostatic presstretest of 527+
4.4.5.2.2DV D2 Modification to add the following:
Tubing used to connect refrigerant-containing components shall comply with the minimum

wall thickness requirements of Table 4.4.5.2.2DV.1 and with the Hydrostatic Pressure Test
requirements of 5.2.7.
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Table 4.4.5.2.2DV 1
Tubing Wall Thickness

Minimum wall thickness,? in (mm)
Outside diameter Copper
in (mm) Protected Unprotected Steel
3/16 (4,76) 0,0245 (0,62) 0,0265 (0,67) 0,025 (0,64)
1/4 (6,35) 0,0245 (0,62) 0,0265 (0,67) 0,025 (0,64)
5/16 (7,94) 0,0245 (0,62) 0,0285 (0,72) 0,025 (0,64)
3/8 9;53) 0,0245 (0;62) 0,0285 (0;72) 0,025 (0,64
1/2 (12,70) 0,0245 (0,62) 0,0285 (0,72) 0,025 (0,64)
5/8 (15,88) 0,0315 (0,80) 0,0315 (0,80) 0,032 (0,81)
3/4 (19,05) 0,0315 (0,80) 0.0385 (0,98) 0,032 (0,81)
7/8 (22,23) 0,0410 (1,04) 0,0410 (1,04) 0,046 (1,17)
1 (25,40) 0,0460 (1,17) 0,0460 (1,17) 0,046 (1,17)
1-1/8 (28,58) 0,0460 (1,17) 0,0460 (1,17) 0,046 (1,17)
1-1/4 (31,75) 0,0505 (1,28) 0,0505 (1,28) 0,046 (1,17)
1-3/8 (34,93) 0,0505 (1,28) 0,0505 (1,28) 0,046 (1,17)
112 (38,10) 0,0555 (1,41) 0,0555 (1,41) 0,062 (1,58)
1-5/8 (41,3) 0,0555 (1,410) 0,0555 (1:410) - -
2-1/8 (54,0) 0,0640 (1,626) 0,0640 (1,626) - -
2-5/8 (66,7) 0,0740 (1,880) 0,0740 (1,880) - -
2 Nominal wall thickness of tubing will have to be greater than the.thickness indicated to maintain the minimum
wall thickness.
Note: “Protected” implies that the tubing is shielded by the cabinet or assembly, to the extent that unintended
damage caused py objects such as tools falling on or otherwise striking the tubing during handling and after
INSTALLATION (f the unit is prevented. This protection-may be provided in the form of baffles, channels,
flanges, perforated metal, or equivalent means. If a cabinet is employed for the intended INSTALLATION of a
unit, the tubing is considered shielded. Tubing not'so shielded is considered to be unprotected.

4.4.5.2.3 Provision for condensation

Where internal condengation occurs during normal operation or maintenance, measures shall be taken to
prevent degradation of|insulation/in those areas where such condensation is expected, clearance and
creepage distances shall be evaluated at least for a pollution degree 3 environment (see Table 6), and
provision shall be madd to_prevent accumulation of water (for example by providing a drain).

4.4.5.2.4 Leakage of coolant

Measures shall be taken to prevent leakage of coolant onto LIVE PARTS as a result of normal operation,
servicing, or loosening of hoses or other cooling system parts during the EXPECTED LIFETIME. If a pressure
relief mechanism is provided, this shall be located so that there shall be no leakage of coolant onto live
components when it is activated.

4.4.5.2.4DV D2 Modification to add the following:
When provided, a pressure relief mechanism shall comply with the Hydrostatic Pressure

test (see 5.2.7). Coolant released as the result of operation of a pressure relief mechanism
shall not be released into any electrical compartment.
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4.4.5.2.5 Loss of coolant

Loss of coolant from the cooling system shall not result in thermal hazards, explosion, or shock hazard.

The requirements of the

Loss of coolant test of 5.2.4.5.4 shall be satisfied.

4.4.5.2.6 Conductivity of coolant

When the coolant is intentionally in contact with LIVE PARTS (for example non-earthed heatsinks), the
conductivity of the coolant shall be continuously monitored and controlled, in order to avoid hazardous

current flow through the

coolant.

4.4.5.2.7 Insulation rq

When the coolant is in
coolant hoses form a

requirements of 4.3.6 f
where relevant.

4.4.6 Motor overload
4.4.6.1 Means of prot
A motor of a PDS shall 4

one or more of the foll
manufacturer:

quirements for coolant hoses

fentionally in contact with LIVE PARTS (for example non-earthed heatsinks);. the
part of the insulation system. Depending on the location of the hoses, the
Dr FUNCTIONAL Or BASIC INSULATION or PROTECTIVE SEPARATION shall be” applied

and overtemperature protection
pction

e protected against overtemperature. Depending ©n ‘the application of the motor,
pbwing means of protection for each motor driven shall be selected by the PDs

a) thermal or electronic ¢verload relay that complies with the applicable requirements in IEC 60947-4-1;

b) a cbm/BDM with ELECT

i) THERMAL MEMO

ii) speed sensitiv

¢) a cbm/BDM with monit
sensor mounted in or on

d) an embedded motor t

RONIC MOTOR OVERLOAD PROTECTION*according to 4.4.6.2, which might include

RY RETENTION according to 4¢4:6.3, and/or

ty according to 4.4.6.4.

bring and automatic'reduction of motor current based upon a signal from a thermal
the motor according to 4.4.6.5;

hermal protection which disconnects the motor;

e) information in accordernce with 6.3.8.1.

NOTE 1 a) and d) are the only possible motor overload protections in the case that several motors in parallel are supplied from the

same CDM/BDM motor power

output.

For information requirements, see 6.3.8.

NOTE 2 In the United States, compliance with NFPA 70 overload protection according to NFPA 70:2014, 430.32 are achieved by a),
b), ¢), or d); compliance with NFPA 70 overtemperature according to NFPA 70:2014, 430.126 is achieved by b) i) and ii), c), or d).

4.4.6.1DV DR Modification:

4.4.6.1DV.1 The number, arrangement, and ratings or settings of protective devices
intended to provide motor and branch-circuit overload protection shall be as required by
Part lll, Article 430 of the National Electrical Code, ANSI/NFPA 70.
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4.4.6.2 cpm/BDM with ELECTRONIC MOTOR OVERLOAD PROTECTION

ELECTRONIC MOTOR OVERLOAD PROTECTION shall comply with 5.2.8.1 to 5.2.8.4 and is subjected to the
requirements in 5.2.9.

Adjustable ELECTRONIC MOTOR OVERLOAD PROTECTION shall not be adjustable in such a way that the limits
of Table 29 are exceeded.

a) For pPbs where motor and cbm/BDM are known, limits other than those in Table 29 can be specified and
tested in accordance with 5.2.8.1 t0 5.2.8.4.

b) For information requifements, see 6.3.8.2.
4.4.6.2DV DR Modification
way that the limnit of 1.2 times the current setting with a tripping time of 2 h of Table 29 is

exceeded, however 1.25 times the current setting with a tripping time of 2 h-shall not be
exceeded.

4.4.6.2DVA1 A}l‘;stable electronic motor overload protection may be adjustable inisuch a

4.4.6.2DV.2 Adjustable electronic motor overload protection may be adjustable such that
the maximum tripping times of 8 minutes and 20 seconds in Table29 are exceeded,
provided:

a) The glternate tripping times are associated with@ specific standard overload trip
class as defined in 5.2.8.4DV (e.g. Class 30), and

b) The ¢pm/BDM complies with the testing of 5.2.8.1 to 5.2.8.4 in accordance with
Table 29 when adjusted for a Class 20 trip curve, and

c) The gpm/BDM complies with the testing of 5.2.8.1 to 5.2.8.4 in accordance with
5.2.8.40V when adjusted for a higher-standard class trip curve (e.g. Class 30)

4.4.6.3 cbpm/BDM with [ELECTRONIC MOTOR:OVERLOAD PROTECTION with THERMAL MEMORY RETENTION

ELECTRONIC MOTOR OVHRLOAD PROTECT@ON with THERMAL MEMORY RETENTION shall comply with 5.2.8.1 to
5.2.8.6 and is subjecte( to the requirements in 5.2.9.

4.4.6.4 cDpM/BDM with [ELECTRONIC MOTOR OVERLOAD PROTECTION which is speed sensitive

ELECTRONIC MOTOR OVERLOADPRQ
is subjected to the requirements in

52.0.

4.4.6.5 cbpwm/BDM providing monitoring and automatic reduction of motor current by means of
thermal sensors

cbm/BDM intended to be used with motors that have thermal protection or thermal sensor in or on the
motors requiring signal interface shall be provided with means to connect to that protection.

Insulation requirements for the connection of the thermal protector or thermal sensor shall be taken into
account.
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4.4.6.5DV DE Modification

Automatic reduction of motor current includes TRIP.

4.5 Protection against energy hazards
4.5.1 Electrical energy hazards

Failure of any component within the PDS shall not release sufficient energy to lead to a hazard, for

example, expulsion of mlaterial into an area occupied by personnel.

Where appropriate, the| possibility should be considered of energy transfer from the PDS motor to the
cbm/BDM when the drivep equipment over-runs the cDM/BDM control.

NOTE There are no tests in this part of IEC 61800 for this requirement.
4.5.2 Mechanical enefgy hazards
4.5.21 General

Mechanical failure due|to critical speed considerations or torsional problems can create a hazard to
operating personnel. These considerations are applicable to all pDs, although they are increasingly
significant with increased equipment size, such as with HIGH-VOLTAGE PDS. As these subjects are
application-dependent, i is not possible to include specific requirements-in this standard.

4.5.2.2 Critical torsional speed

Where appropriate, cqgmmunication should be established between PDS/CDM/BDM supplier, driven
equipment supplier, irstaller, and user with respect’ to any anticipated critical torsional speed
considerations.

4.5.2.3 Transient torque analysis

Transient torque analygis is an important-design tool for PDS to check torsional stresses in the whole
mechanical string. For example, the fellowing operating conditions are areas of concern.

* start-up;

* single-phase or three-phase’short-circuit at the terminals of an a.c. motor;

« impact of possible commutation failure of an a.c. cDwm;
« impact of the harmonic components of an a.c. Cbwm;

« field supply loss in a d.c. CDM;

« short-circuit at the armature terminals of a d.c. motor.

Where appropriate, communication should be established with the driven equipment supplier and the
information required by 6.3.5.4 provided.
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4.5.2.3DV D2 Modification to add the following:

A DC drive shall not incorporate overcurrent protection in a motor field supply circuit
unless the drive incorporates a detector that senses loss of field current or voltage and
prevents over-speed upon field loss.

4.5.3 Acoustic noise emission

Under consideration. Requirements for acoustic noise emission are often present in local regulations. In
the absence of such redulations, 1t 1S recommended that the TTmits of [IEC 60034-9 should be applied.

4.6 Protection again$t environmental stresses

The pDs/cDM/BDM shalll not present any hazards as a result of specified environmental stresses. As a
minimum, the PDS/CDM|BDM shall satisfy the environmental endurance tests of 5.2.6. More-demanding
requirements may be specified by the manufacturer, in which case less demanding tests of’this standard
do not need to be perfofmed.

4.6DV D2 Modification:

The environméntal endurance tests of 5.2.6 are not applicable.

4.7DV D2 Addition:
4.7DV.1 Plenuin rated drives

4.7DV.1.1 Drivés intended for use in air handling ducts and plenums shall be of the
enclosed type|and shall comply with all other applicable requirements of this standard.

4.7DV.1.2 Drives with enclosures that.are either whole or in part non-metallic and intended
to be installed|in air-handling spaces shall additionally comply with the requirements in the
Standard for Fjire Test for Heat and Visible Smoke Release for Discrete Products and Their
Accessories Installed in Air-Handling Spaces, UL 2043.

4.7DV.1.3 The fequirements in 4.7DV.1.2 do not apply to the following:

a) Air filters, drive belts, wire insulation, paint applied for corrosion protection, or
tubing of material equivalent to one of the types of wire insulation permitted by this
Standard;

b) Gaskets forming air or water seals between metal parts;

c) Miscellaneous small parts such as refrigerant line bushings or insulating

bushings, resilient or vibration mounts, wire ties, clamps, labels, or drain line

fittings having a total exposed surface area not exceeding 25 square inches (161.29
2

cm?);

d) An adhesive that, when tested in combination with the specific insulating
material, complies with the requirement.

4.7DV.1.4 Metallic enclosure surfaces, including those which are ventilated, are suitable for
use in air handling ducts and plenums without further investigation.


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

110

UL 61800-5-1 JUNE 24, 2022

4.8DV DR Addition:

4.8DV.1 Positio

n of operating handles

4.8DV.1.1 When a circuit breaker or switch is mounted such that movement of the operating
handle, either vertically or rotationally, between the on and off positions results in one

position being

above the other position, the upper position shall be the on position. The

requirement does not apply to a circuit breaker or switch that is operated horizontally or
that is operated rotationally and the on and off positions are at the same level, nor to a
switching device having two on positions, such as a transfer switch or a double throw

switch.

4.8DV.1.2 All fIJ:or mounted equipment shall comply with 4.8DV.1.3 and 4.8DV.1.4. Wall

mounted equi
floor mounted

ment with enclosures taller than 79 inches (2,0 m) shall be considered to be
pquipment with respect to these requirements.

4.8DV.1.3 Extennal handles and push-buttons shall be located in accordance with.the

following:

a) Every
not mor

switch and circuit breaker handle shall be installed such'that the handle is
b than 79 inches (2,0 m) above the floor.

b) Operating handles requiring more than 50 Ibf (222 N) to-operate shall not be

higher t

4.8DV.1.4 In d¢

grip is not clea

nan 66 inches (1,7 m) in either the open or closed position.

termining compliance with 4.8DV.1.3, measurements shall be made to the

ly defined, it shall be considered to be at a point 3 inches (76 mm) in from

center of the hIndIe grip with the handle in the highestpossible position. Where the handle

the end of the

4.8DV.1.5 If the

andle.

mechanism of a switching deévice is such that automatic operation of a

switch, or operEtion of a remote or automatic tripping devices will permit sudden

movement of a
handle shall be

operating handle, the'motion of the handle shall be restricted or the
guarded to prevent injury to persons in the vicinity of the handle.

4.9DV D2 Addition:

4.9DV.1 Auxiliary units

4.9DV.11 AuinF

ary units such as portable programmers intended to be used only on a

temporary basis, to diagnose or program PDS/CDM/BDM shall comply with the requirements
in the Standard for Information Technology Equipment Safety — Part 1: General

Requirements,
PDS/CDM/BDM.

UL 60950-1. These units shall be evaluated as a subsystem of the

4.10DV D2 Addition:

4.10DV.1 Accessories

4.10DV.1.1 Equ

ipment having provision for the use of an accessory to be attached in the

field shall comply with the requirements in this standard with the accessory installed, and
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the accessory shall comply with the requirements for the equipment for which it is
intended. See Instructions and Marking Pertaining to Accessories, 6.3.6.8DV.

4.10DV.1.2 As part of the investigation, an accessory shall be tested and trial-installed. The

accessory shall be capable of being installed, and the instructions shall be detailed and
accurate. The INSTALLATION shall be capable of being accomplished using tools that are
readily available unless a special tool is provided with the accessory.

411DV D2 Addition:

4.11DV.1 Secu

4.11DV.1.1 Ot

rement of LIVE PARTS

r than as noted in 4.11DV.1.2, an uninsulated LIVE PART, including a terminal,

e
shall be secu%d to its supporting surface by a method other than friction between

surfaces so th
results in a red

t it is prevented from turning or shifting in position when such motion
uction of the required spacings.

411DV.1.2 A pJ'essure terminal connector is not required to be prevented from turning

when no spac
degrees towar
toward groundg

4.11DV.1.3 Ali
prevented fror
This is accom

ngs less than those required result when the terminals are'turned 30
d each other, or toward other uninsulated parts of opposite polarity, or
ed metal parts.

ve screwhead or nut on the underside of an insulating base shall be
h loosening and shall be insulated or spacéd.from the mounting surface.
blished by:

a) Coun
waterp

tersinking parts by at least 1/8 in (3,2mm) and covering them with a
oof, insulating sealing compound-that does not degrade at 15 °C (27 °F)

higher fhan its normal operating temperature and not less than 65 °C (149 °F); or

b) Sec
or the
this sta

ing such parts and insulating them from the mounting surface by a barrier,
uivalent, or by clearances and creepage distances specified elsewhere in
hdard.

4.12DV D2 Addition:

4.12DV.1 Pro

4.12DV.1.1 Pr

\Iions formounting

isions shall be made for securely mounting power conversion equipment to

a supporting surface. A bolt, screw, or other part used to mount a component of the
equipment shall not be used for securing the equipment to the supporting surface.

4.13DV D2 Addition:

4.13DV.1 Phase reversal protection

4.13DV.1.1 PDs

/cDM/BDM provided with phase reversal protection shall interrupt and

maintain the interruption of power in all of the motor circuit.
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4.14DV D2 Addition:
4.14DV.1 Capacitors

4.14DV.1.1 A bus capacitor shall be rated for the voltage and the temperature of the circuit
involved. This rating shall be based on the continuous WORKING VOLTAGE rating and the
overvoltage surge rating.

4.14DV.1.2 A capacitor bridging FUNCTIONAL INSULATION shall comply with 4.14DV.1.6 or
comply with the requirements of the Standard For Fixed Capacitors for Use in Electronic
Equipment - P : i ification—Fi i i
Interference Syppression and Connection to the Supply Mains, UL 60384-14, be used
within its voltage and temperature rating, and be of any Class X or Y which has a peak
impulse voltagp rating greater than or equal to the required impulse voltage according;to
4.3.6.1 — 4.3.6.3 for the circuit the capacitor is bridging. In the case of more than one
capacitor in sefies bridging FUNCTIONAL INSULATION, voltage division shall be considered for
both the working voltage and impulse voltage ratings.

Informational note| — capacitors commonly referred to as “across the line” or “phase to phase” typically bridge
FUNCTIONAL INSUYLATION.

4.14DV.1.3 Other than as noted in 4.14DV.1.4, a motor starting capacitor employing a liquid
dielectric medium more combustible than askarel shall comply with the protected oil filled
capacitor requirements, contained in the Standard for Capacitors; UL 810, including faulted
overcurrent conditions based on the short circuit rating of the Pbs/icom/BDM. A motor
starting capacitor and any associated solid state component shall be evaluated in
accordance with the Breakdown of Components Test 5:2:3.6.4.

4.14DV.1.4 When the available fault current is limited by other components in the circuit
such as a motgr-start winding, the capacitor is able to be tested using a fault current less
than the value gpecified in Table 5.2.3.6.2.1DV:1, and not less than the current established
by dividing the|rated circuit voltage by the\impedance of the other components.

4.14DV1.5A nILn-motor starting capacitor employing a liquid dielectric medium more
combustible thlan askarel, and any\associated solid-state component, is only required to be
evaluated in adcordance with.the'Breakdown of Components Test 5.2.3.6.4.

4.14DV.1.6 A c3pacitor bridging FUNCTIONAL INSULATION not in compliance with 4.14DV.1.2
shall be used within its voltage and temperature rating and be subjected to the analysis,
and when nec¢gssary-test, described in 4.2.

Standard For Fixed Capacitors for Use in Electronic Equipment — Part 14: Sectional
Specification: Fixed Capacitors for Electromagnetic Interference Suppression and
Connection to the Supply Mains, UL 60384-14, be used within its voltage and temperature
rating, and be any Class Y capacitor which has a peak impulse voltage rating greater than
or equal to the required impulse voltage according to 4.3.6.1 — 4.3.6.3. Alternately, the

capacitor may be a Class X capacitor, comply with the requirements of the Standard For
Fixed Capacitors for Use in Electronic Equipment — Part 14: Sectional Specification: Fixed
Capacitors for Electromagnetic Interference Suppression and Connection to the Supply
Mains, UL 60384-14, be used within its temperature rating, and be any Class X capacitor
which has a working voltage rating equal to 1.36 times the working voltage across the
capacitor and peak impulse voltage rating greater than or equal to the required impulse
voltage according to 4.3.6.1 — 4.3.6.3. In the case of both Y and X capacitors, if more than
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one capacitor is in series bridging BASIC INSULATION, voltage division shall be considered for
both the working voltage and impulse voltage ratings.

Informational note — capacitors commonly referred to as “line to earth” or “phase to earth” typically bridge BASIC
INSULATION.

4.14DV.1.8 Capacitors bridging functional and BASIC INSULATION in a center-connected
network, see Fiqure 4.14DV.1.

4.14DV.1.9 Capacitors designated C1 and C2 in Figure 4.14DV.1 shall be used within their
marked tempe i

4.14DV.1.10 C3pacitors designated C1 in Figure 4.14DV.1 shall be in compliance with one of
the following with regard to the rated working voltage:

a) Any Class X capacitor with a RATED VOLTAGE greater than or equal to 1.36 times the
phase tp earth working voltage; or

b) Any Class Y capacitor with a RATED VOLTAGE greater than or equal to.the phase to
earth wprking voltage; or

c) Any Class X capacitor with a RATED VOLTAGE greater than or equal to phase to earth
working voltage used with a C2 capacitor in compliance with 4.14DV.1.12 (a) or (b);
or

d) Any Class X capacitor with a RATED VOLTAGE greaterthan or equal to phase to
earth wprking voltage and subjected to the analysis of 4.2 with regard to a
component failure from phase to earth; or

e) Any ¢apacitor subjected to the analysis0f'4.2 with regard to a component failure
from phase to phase and used with a C2.capacitor in compliance with 4.14DV.1.12
(a) or (h); or

f) Any gapacitor subjected to the analysis of 4.2 with regard to a component failure
from phase to phase and phase.to earth.

Class X and [Class Y capacitors as referenced above are capacitors that shall be in
compliance With the requirements of the Standard For Fixed Capacitors for Use in
Electronic Equipment —\\Part 14: Sectional Specification: Fixed Capacitors for
Electromagnetic Interférence Suppression and Connection to the Supply Mains, UL 60384-
14.

4.14DV.1.11 Cgpacitors designated C1 in Figure 4.14DV.1 shall be in compliance with one of

the following with regard to the rated impulse voltage:

a) Any Class X or Y capacitor with a rated impulse voltage greater than or equal to
the larger of: 1/2 the required phase to phase impulse voltage, or the required phase
to earth impulse voltage times C2/(C1 + C2), where C1 and C2 are the capacitance of
capacitors C1 and C2 respectively; or

b) Any Class X or Y capacitor with a rated impulse voltage greater than or equal to
1/2 the required phase to phase impulse voltage and used with a C2 capacitor in
compliance with 4.14DV.1.13 (a) or (b); or

c) Class X or Y capacitor with a rated impulse voltage greater than or equal to 1/2 the
required phase to phase impulse voltage and subjected to the analysis of 4.2 with
regard to a component failure from phase to earth; or
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d) Any Class X or Y capacitor with a rated impulse voltage greater than or equal to
the required phase to earth impulse voltage times C2/(C1 + C2), where C1 and C2 are
the capacitance of capacitors C1 and C2 respectively, and subjected to the analysis
of 4.2 with regard to a component failure from phase to phase; or

e) Any capacitor subjected to the analysis of 4.2 with respect to a component failure
from phase to phase and used with a C2 capacitor in compliance with 4.14DV.1.13
(a) or (b); or

f) Any capacitor subjected to the analysis of 4.2 with respect to a component failure
from phase to phase and phase to earth.

Class X and Class Y capacitors as referenced above are capacitors that shall be in
compliance with the requirements of the Standard For Fixed Capacitors for Userin
Electronic Equipment - Part 14: Sectional Specification: Fixed Capacitorsh for
Electromagnetjc Interference Suppression and Connection to the Supply Mains, UL/60384-
14; and the required phase to phase and phase to earth impulse voltage is ac¢ording to
4.3.6.1-4.3.6.3.

4.14DV.1.12 Capacitors designated C2 in Figure 4.14DV.1 shall be in compliance with one of
the following with regard to the rated working voltage:

a) Any (lass Y capacitor with a RATED VOLTAGE greater than©r equal to the phase to
earth wgrking voltage when used with a C1 capacitor in.compliance with 4.14DV.1.10
(c) or (e); or

b) Any Glass X capacitor with a RATED VOLTAGE greater than or equal to 1.36 times the
phase tg earth working voltage when used with-@.C1 capacitor in compliance with
4.14DV.1.10 (c) or (e); or

c) Any
in comp

lass X or Y capacitor with any RATED VOLTAGE. when used with C1 capacitors
iance with 4.14DV.1.10 (a), (b),\(d), or (f); or

Class X and Class Y capacitors as—referenced above are capacitors that shall be in
compliance with the requirements of the Standard For Fixed Capacitors for Use in
Electronic Equipment — Part.\14: Sectional Specification: Fixed Capacitors for
Electromagnetjc Interference Suppression and Connection to the Supply Mains, UL 60384-
14.

4.14DV.1.13 Capacitors-designated C2 in Figure 4.14DV.1 shall be in compliance with one of
the following with regard to the rated impulse voltage:

a) Any (lass Y capacitor with a RATED VOLTAGE greater than or equal to the required

phase to earth impulse voltage when used with a C1 capacitor in compliance with
4.14DV.1.11 (c) or (e); or

b) Any Class X capacitor with a RATED VOLTAGE greater than or equal to the required
phase to earth impulse voltage; or

c) Any Class X or Y capacitor with a RATED VOLTAGE greater than or equal to the
required phase to earth impulse voltage multiplied by 3xC1/(3C1 + C2) when used
with C1 capacitors according to 4.14DV.1.11 (a), (c), (d), or (f); or

d) Any capacitor with any RATED VOLTAGE when used with C1 capacitors that are
Class X or Y with a rated impulse voltage greater than or equal to the required phase
to earth impulse voltage.


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

JUNE 24, 2022 UL 61800-5-1 115

Class X and Class Y capacitors as referenced above are capacitors that shall be in
compliance with the requirements of the Standard For Fixed Capacitors for Use in
Electronic Equipment — Part 14: Sectional Specification: Fixed Capacitors for
Electromagnetic Interference Suppression and Connection to the Supply Mains, UL 60384-
14; and the required phase to earth impulse voltage is according to 4.3.6.1 — 4.3.6.3.

4.14DV.1.14 A capacitor bridging two adjacent circuits shall comply with the requirements
of the Standard For Fixed Capacitors for Use in Electronic Equipment — Part 14: Sectional
Specification: Fixed Capacitors for Electromagnetic Interference Suppression and
Connection to the Supply Mains, UL 60384-14, be used within its temperature rating, and be
any Class X or, i i i lta the

required impu|se voltage according to 4.3.6.1 — 4.3.6.3. A Class Y capacitor shall be rated
for the working voltage it bridges, a Class X capacitor shall be equal to 1.36 x the working

voltage it bridges. Where two identical capacitors are connected in series, the RATED
VOLTAGE shall be greater than or equal to one-half the working voltage across the capacitor

series (or 1.36|times half the working voltage for X capacitors), and the rated impulse
voltage shall he greater than or equal to one-half the required impulse voltage according to
4.3.6.1 — 4.3.6.8 across the capacitor series.

Figure 4.14DV.1

Capacitors in a Center-Connected Network

L1

C1(x3)

IEC
su3279

4.15DV D2 Addition:
4.15DV.1 Isolation devices

4.15DV.1.1 Optical isolators that provide isolation between primary and secondary circuits
shall be constructed in accordance with the Standard for Optical Isolators, UL 1577, except
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as noted in 4.15DV.1.2. The rated isolation voltage of the optical isolator shall be at least
the minimum dielectric voltage withstand rating test voltage required by 5.2.3.2, A.C. or d.c.
voltage test, except as noted in 4.15DV.1.3.

4.15DV.1.2 An optical isolator is not required to be subjected to the requirements in the
Standard for Optical Isolators, UL 1577, when the internal insulation is of such a material
and at such a thickness that it complies with 4.15DV.1.7.3.

4.15DV.1.3 An optical isolator that is constructed in accordance with the requirements in
the Standard for Optlcal Isolators, UL 1577, and rated at a dlelectrlc potentlal less than that

4.15DV.1.5 A power switching semiconductor is not required to be subjected to the
requirements in UL 1557 when the internal insulation is of such material and at such a

4.15DV.1.6 A power switching semiconductor that is constructed in accordance with UL
1557 and rated|at a dielectric potential less than that required by the A.C. or d.c. voltage
test, 5.2.3.2, complies with 4.15DV.1.4 when the internal insulation is at such thickness that
it also complie$ with 4.15DV.1.7.3(b).

4.15DV.1.7 Insylating material used as a barrier inlieu of spacings

4.15DV.1.7.1 Insulating material is not prohibited from being used as a barrier in lieu of the
clearances and creepage distances requiréed in 4.3.6.4 and 4.3.6.5, respectively.

4.15DV.A1.7.2 Inxulating material usedas a barrier shall comply with the requirements in
4.15DV.1.7.3 when:

a) The nmaterial is in direct physical contact with an uninsulated LIVE PART;

b) The materialserves to physically support, or maintain the relative position of the
uninsulated EIVE PART; and

c) The
spacings.

4.15DV.1.7.3 Except as noted in 4.15DV.1.7.4 and 4.15DV.1.7.5, an insulating material used
as noted in 4.15DV.1.7.1 shall:

a) Comply with 4.4.2.2DV; and

b) Be at least 0,028 in (0,71 mm) thick.

4.15DV.1.7.4 A material that complies with 4.4.2.2DV and does not comply with the
thickness limit in (b) is able to alternatively be subjected to a 5 000 V ac Dielectric Voltage
Withstand Test in accordance with the Internal Barrier requirements in the Standard for
Polymeric Materials — Electrical Equipment Evaluations, UL 746C.
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4.15DV1.7.5A

material that complies with 4.4.2.2DV and is used in addition to not less than

one-half the required through air spacings is able to be less than 0,028 in (0,71 mm) thick,
and shall be at least 0,013 in (0,33 mm) thick. This material shall:

a) Have

the required mechanical strength when exposed or otherwise subjected to

mechanical damage;

b) Be held in place; and

c) Be located so that it is not adversely affected by operation of the equipment in
service.

415DV1.7.6 T
example, even
(0,71 mm) limi
equal to this 0
4.15DV.1.7.5.

4.15DVA1.7.7 A

he two requirements noted in 4.15DV.1.7.3 are independent of each other. For
when a material complies with 4.4.2.2DV at a thickness less than the 0,028,in
, then the material still is required to be provided at a thickness at least

028 in (0,71 mm) limit or at a thickness as specified by 4.15DV.1.7.4 or,

h insulating material shall also comply with the requirements-in'4.15DV.1.7.3

or 4.15DV.1.7.§ when:

a) Then

b) The
of that

c) The
spacing

4.15DVA1.78T
requirements

Tn

haterial is in direct physical contact with an uninsulated.LIVE PART;

aterial does not serve to physically support or maintain the relative position
insulated LIVE PART; and

naterial is used as a barrier in lieu of the required over surface, or through air
s.

he generic insulating materials in. Table 4.15DV.1 meet the intent of the
or this application without additional evaluation.

Table 4.15DV.1
Generic/Materials for Barriers

Generi¢ material Minimum thickness RTI, °C

Aramid Paper 0.010 inch 105
(0.25 mm)

Cambric 0.028 inch 105
(0.71 mm)

Electric Grade Paper 0.028 inch 105
(0.7 mm)

Epoxy 0.028 inch 105
(0.71 mm)

Mica 0.006 inch 105
(0.15 mm)

Mylar (PETP) 0.007 inch 105
(0.18 mm)

RTV 0.028 inch 105
(0.71 mm)

Table 4.15DV.1 Continued on Next Page
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Table 4.15DV.1 Continued

Generic material Minimum thickness RTI, °C
Silicone 0.028 inch 105
(0.71 mm)
Treated Cloth 0.028 inch 105
(0.71 mm)
Vulcanized Fiber 0.028 inch 105
(0.71 mm)

NOTE - Each ma

during the Temp

rature Rise Tests, 5.2.3.8.

4.15DV.1.7.9 EX
shall also com

a) The nf

cept as noted in 4.15DV.1.7.10 through 4.15DV.1.7.12, an insulating material
ply with the requirements in 4.15DV.1.7.3 when:

aterial is not in direct physical contact with an uninsulated LIVE PART;

b) The material does not serve to physically support, or maintain the'relative

position

c) The nf

4.15DV.1.7.10 1
requirements f

of that uninsulated LIVE PART; and

aterial is used as a barrier in lieu of the required through air spacings.

he generic insulating materials in Table 14 meet the intent of the
br this application without additional evaluation.

4.15DV.1.7.11 Materials that are located at least 1/32 in.(0;8 mm) from uninsulated LIVE PART

are not require
to Ignition (HA
requirements.

PART are not re

d to comply with the Hot Wire Ignition (HWI), High — Current Arc Resistance
) or Comparative Tracking Index (GTI) Performance Level Category (PLC)

uired to comply with the Hot Wire Ignition (HWI), High — Current Arc

4.15DV.1.7.12 I£aterials that are located at-least 1/2 inch (12,7 mm) from uninsulated LIVE

Resistance to |
Category (PLC
requirements.

nition (HAI) or Comparative Tracking Index (CTIl) Performance Level
requirements and also are not required to comply with the RTI

4.16DV D2 Addition:

4.16DV.1 BDM/C

DM/PDS supplied by photovoltaic (PV) modules

4.16DV.1.1 BDM/cDM/PDS intended to receive power from photovoltaic (PV) modules and

panels

4.16DV.1.1.1 Photovoltaic modules or panels used with BDM/CDM/PDS shall comply with UL

1703. If the photovoltaic modules or panels are not provided with the BDM/CDM/PDS, the

installation instructions shall specify that PV modules and panels shall comply with UL
.8DV.2.

1703. See 6.3.6

4.16DV.1.1.2 A power converter stage used with the BDM/cDM/PDS which receives power

from PV modul
1741.

es or panels and converts it for use by the BDM/cbm/PDs shall comply with UL
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5 Testrequirements

5.1 General

5.1.1 Test objectives and classification

Testing, as defined in this Clause 5, is required to demonstrate that PDs is fully in accordance with the
requirements of this part of IEC 61800. Testing may be waived if permitted by the relevant requirements

subclause of Clause 4.

The subclauses in this
are classified as:

* type tests;
* routine tests;

» sample tests.

[CTause 5 describe the procedures 10 be adopted for the testing of PDS. The tests

The manufacturer andl/or test house shall ensure that the specified maximum and/or minimum

environment (or test)
account.

alues are imposed, taking tolerances and measurement uncertainties fully into

Warning ! These tests| can result in hazardous situations. Suitable precautions shall be taken to avoid

injury.

5.1.2 Selection of tegt samples

When testing a range of series of similar products, it may, not be necessary to test all models in the range.

Each test should be pe

formed on a model or models having mechanical and electrical characteristics that

adequately represent the entire range for that particular test.

5.1.3 Sequence of te

Bts

In general, there is no nequirement fortests to be performed in a set sequence, nor is it required that they
are all performed on thhe same sample of equipment. However, the pass criteria for some of the tests

require that they are fol

5.1.4 Earthing condi

owed by gne or more further tests.

ions

The manufacturer shall state the acceptable earthing systems (see 4.3.6.1.4) for the PDS. Test
requirements shall be determined using the worst-case (most stressful) earthing system allowed by the

manufacturer. Earthing
* neutral to earth;

* line to earth;

* neutral to earth throug

« isolated (not earthed).

systems may include:

h high impedance;
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The unacceptable systems shall be indicated as

« forbidden;

+ with modification of values and/or safety levels which shall be quantified through TYPE TEST.
5.1.4DV D2 Modification to replace 5.1.4 with the following:
The manufacturer shall rate the PDs/cDM/BDM for its acceptable earthing systems according
to 4.3.6.1.4DV.2 and 4.3.6.1.4DV.3. Where the earthing system may be a factor in test

results, the individual test requirements will address the worst-case (most stressfu
earthing systein to be used for the test.

5.1.5 Compliance

Compliance with this part of IEC 61800 shall be verified by carrying out the appropriate tests)specified in
this Clause 5.

Compliance may only bg claimed if all relevant tests have been passed.

Compliance with constrliction requirements and information to be provided«y the manufacturer shall be
verified by suitable exanpination, visual inspection, and/or measurement.

Whenever design or component changes have potential impact upon compliance, new TYPE TESTING shall
be performed to confirfn compliance. It is desirable that the modified product should be identified, for
example by using a suitgble date code or serial number as described in 6.2.

5.1.5DV.1 D1 Mpdification to add the following:

Devices or systems that result in termination of a test shall be additionally evaluated to
determine their suitability for the application.

5.1.5DV.2 DC Modification to @dd the following:

5.1.5DV.2.1 A thermistorin-compliance with UL 873, UL 60730-1 and/or the applicable part 2
standard, or UL 1434.is.in compliance with 5.1.5DV.1. A thermistor complying with UL 1434
shall have been investigated for use in a safety circuit have a rated V,,¢ (insulation voltage)
and T,,,, (maximum operating AMBIENT TEMPERATURE) ratings for the intended conditions of

use.

5.1.5DV.2.2 A semiconductor device in compliance with UL 1557 which incorporates a
thermistor type device that operates to disable the drive output to complete a test that is
marked “Provides UL 1434 Thermistor Type Device” is in compliance with 5.1.5DV.1. The
thermistor shall have been investigated for use in a safety circuit and have a rated V;,¢
(insulation voltage) and T,,,, (mMaximum operating AMBIENT TEMPERATURE) ratings for the
intended conditions of use.
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5.1.6 Test overview

Table 17 provides an overview of the TYPE, ROUTINE and SAMPLE TESTING of electronic components,
devices and PDS/CDM/BDM.

5.1.6DV D1 Modification:

The tests in the Table 17DV are also required.

Table 17
Test overview
Test Type ROUTINE SAMPLE Requirement(s) Specification

Visual inspection X X X 521
Mechanical tests 5.22
Clearance and X 4.3.6.1,4.3.6.4, 522.1
creepage 4.3.6.5
distances
PWB short-circuit X
Non-accessibility X .3.3. 2.2.
Enclosure integrity X 4.377M 5.2.24
Deformation tests 4:3.6.4.3 5.2.2.5
Deflection X 4.3.7.1 5.2.2.5.2
Impact X 4.3.7.1 5.2.25.3
Electrical tests 4.3.4.1,4.3.6.8.2 5.2.3
Impulse voltage X X 4.3.3.2,4.3.4.3, 5.2.3.1

4.3.6.1,

4.3.6.8.2.1,

4.3.6.8.2.2,

4.3.6.8.3
a.c. or d.c. voltage X X 4.3.3.2,4.34.3, 5.2.3.2

4.3.6.1,

4.3.6.8.2.1,

4.3.6.8.2.2,

4.3.6.8.4.2
Partial discharge X X 4.3.6.1, 5.2.3.3

4.3.6.8.2.2,

4.3.6.8.3
PROTECTIVE X X 4.34.3 5.2.34
IMPEDANCE
TOUCH KX 43552 5235
CURRENT
measurement
Short-circuit tests X 4.3.9 5.2.3.6.3
Break down of X 4.2 5.2.3.6.4
components
Capacitor X 4.3.11 5.2.3.7
discharge
Temperature rise X 4.3.8.8.2,4.4.2.1
PROTECTIVE X X 4.3.5.3 2.3.
BONDING

Table 17 Continued on Next Page
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Table 17 Continued

Test Type ROUTINE SAMPLE Requirement(s) Specification
Abnormal 4.2 5.24
operation tests
ELECTRONIC X 5.2.8 4.46.2,44.6.3,
MOTOR 4464
OVERLOAD
PROTECTION test
Circuit functionality X X 5.2.9 4.39,44.6.2
evaluation
Loss of phase X 4.2 5.24.4
Inoperative blower X 4.2 5.24.5.2
Clogged filter X 4.2 52453
Loss of coolant X 4.4.5.2.5 52454
Material tests 5.25
High current arcing X 4422 5.2:61
ignition
Glow-wire X 4422 5:2.5.2
Hot wire ignition X 4422 5.253
Flammability X 4.4.3 5.2.54
Environmental 4.6 5.2.6
tests
Dry heat X 4.6 5.2.6.3.1
Damp heat X 4.6 5.2.6.3.2
Vibration test X 4.6 5.2.64
Hydrostatic X X 44522 5.2.7
pressure

Table 17DV D1

[Modification to add the following:

Table 17DV
Modification by adding the following:
Test Type Rou Sam Requirement(s) Specification
tine ple
Contactor overload X 4.2DV.2 5.2.4.5.5DV
Current limiting dontrol X 4.2DV.3 5.2.4.5.6DV
Clamped joint teqt X Cc.1bv 5.2.13DV
Secondary circuits test DVC.1.1.2 DvC.2
Limited voltage/current secondary test DVC.1.5 DVC.2.2
Limited energy secondary test DVC.1.6 DvC.2.3
Limiting impedance test DVC.1.7 DvC.24
Limited voltage secondary test DVC.1.8 DVC.2.5
Isolated power supply capacity test DVC.1.9 DVC.2.6



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

JUNE 24, 2022 UL 61800-5-1 123

5.2 Test specifications
5.2DV D2 Addition:

5.2DV.1 Tests are to be conducted at rated frequency and a test potential not less than 120,
208, 240, 277, 480, or 600 V as appropriate for the voltage ratings. See Table 5.2DV.1. The
Temperature Test shall be conducted at a potential between 90 — 110 percent of the
potential specified when the load current is adjusted to produce the maximum normal

heating.
Table 5.2DV.1
Values of Voltage for Tests
Voltage rating of equipment?®
110 - 120 220 — 240 254 - 277 380 - 415 440 — 480 560~600
120 240 277 415 480 600

2If the rating of tEe equipment does not fall within any of the indicated voltage ranges, it is to_be tested at its
RATED VOLTAGE.

5.2DV.2 Unless indicated otherwise, the tests are to be conducted at any AMBIENT
TEMPERATURE within the range of 10 — 40 °C (50 — 104 °F). The AMBIENT-TEMPERATURE is to be

determined usjing either thermometers or thermocouples placed adjacent to the equipment
being tested.

5.2DV.3 An OPEN TYPE device shall be mounted in an enclosure representative of the
intended use. The maximum enclosure dimensions are'to be determined by one of the
following methods:

a) An enclosure that is 150 percent of the\dimensions of the device (i.e., length,
width, gnd height);

b) An epclosure dimensioned to.meet the wire-bending space specified in

c) The ipntended enclosure;such as a standard outlet box; or

d) The intended enclosure, larger than indicated in (a) — (c) when the dimensions are
specifigd in the manufacturer’s INSTALLATION instructions.

5.2DV.4 OPEN TYPE power conversion equipment is not required to be tested in an enclosure
when marked Wwith @ SURROUNDING AIR TEMPERATURE RATING. See 6.3.3DV.1.

5.2DV.5 During the tests, equipment shall be mounted and wired so as to represent the
intended use. All field wiring terminal blocks or wire connectors shall be tightened to the
value of torque marked on the product.

5.2DV.6 Power conversion equipment intended to control a variable speed motor load is to
be tested controlling:

a) A load equivalent to that of a motor with voltage, frequency, and current ratings
corresponding to the marked rating;

b) A test motor capable of being loaded to the values specified; or
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c) A simulation of the test motor by a passive load consisting of resistive or
inductive loads.

5.2.1 Visual inspections (TYPE TEST, SAMPLE TEST and ROUTINE TEST)

Visual inspections shall be made:

* as ROUTINE TESTS, to check features such as adequacy of labelling, warnings and other safety aspects.

- as acceptance criterig of individual TYPE TESTS, SAMPLE TESTS or ROUTINE TESTS, to verify that the
requirements of this stanpdard have been met;

Routine inspections may be part of the production or assembly process.

Before TYPE TESTING, a ¢heck shall be made that the PDs delivered for the test is as expected with respect
to supply voltage, input and output ranges, etc.

5.2.2 Mechanical tests
5.2.2.1 Clearances ar|d creepage distances (TYPE TEST)

It shall be verified by mgasurement or visual inspection that the clearance afd creepage distances comply
with Table 9 and Table 10. See Annex C for measurement examples. \WWhere this verification is impossible
to perform, an impulse vpltage test (see 5.2.3.1) shall be performed between the considered circuits.

5.2.2.1DV D2 Modification to add the following:

5.2.2.1DV.1 The test voltage between phases,as required by 5.2DV.1, shall be the maximum
of (a) and (b):

a) The Igrgest RATED VOLTAGE fof equipment rated in accordance with 6.2DV.2.1.5(a);
and

b) The Iargest higher RATED VOLTAGE for equipment rated in accordance with
6.2DV.2./1.5(b).

5.2.2.1DV.2 Thg source used for test shall an earthing system according to the following:

a) For B:I)MIDCM/PDS intended for connection to systems according to 4.3.6.1.4DV.2,
the source-shall have a measured r.m.s working voltage from phase to earth equal to

or greater than the STRAIGHT VOLTAGE RATING, or the measured working voltage from
phase to earth may be lower than the STRAIGHT VOLTAGE RATING when all measured
working voltages, both rms and peak, from circuits isolated from earth to earth or a
circuit referenced to earth (i.e. PELV) are multiplied by the following factor:

(STRAIGHT VOLTAGE RATING) / (Phase to earth measured r.m.s working voltage)

b) For BDCM/CDM/PDS intended for connection only to systems according to
4.3.6.1.4DV.3, the source shall have a measured r.m.s. working voltage from phase
to earth equal to or greater than the rated phase to earth voltage.
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5.2.2.2 PWB short-circuit test (TYPE TEST)

On PWBs, FUNCTIONAL INSULATION provided by spacings which are less than those specified in Table 9 and

Table 10 (see 4.3.6.7) s

hall be TYPE TESTED as described below.

A sample of the equipment containing the PWB assembly shall be connected as intended to an electrical
supply circuit sized and protected to simulate end-use conditions. In the case of a PDS/CDM/BDM supplied
without an enclosure, a wire mesh cage which is 1,5 times the individual linear dimensions of the part
under study may be used to simulate the intended enclosure.

Surgical cotton shall be
of the enclosure, and
cooling.

The decreased spacing
circuit shall be maintain

As aresult of the PWB

» there shall be no emis
» the surgical cotton ind
» the earth connection s
» the door or cover shal

* during and after the t
time dependent voltage

* during and after the te
accessible.

The PDS/CDM/BDM is no

| bt Fsiitatocat | '|

he wire mesh cage (if used), in a manner which will not significantly affect the

s shall be short-circuited one at a time, on representative samples, and the’short-
ed until no further damage occurs.

bhort-circuit test, the PDs/cDM/BDM shall comply with the following:
sion of flame or molten metal;

cator shall not have ignited;

hall not have opened;

not have blown open;

bst, accessible SELV and PELV CIRCUITS shall not exhibit voltages greater than the
5 of Figure 7;

st, LIVE PARTS at voltages greater than DECISIVE VOLTAGE CLASS A shall not become

I required to be opérational after testing and it is possible that the enclosure can

become deformed. Ovércurrent protegtion’ integral to the PDS/CDM/BDM, or required to be used with the

PDS/CDM/BDM, is allowed

to open.

5.2.2.2DV D2 Modification to add the following:

5.2.2.2DV.1 The.PpDS/cbm/BDM, and the wire mesh cage (if used), shall be connected to earth.
The conductoﬁshaﬂﬁmmmathﬂmgthdﬂﬁ-ﬁ—}nﬂmkbefmdﬁmteﬁth—

4.3.5.4DV.1. For conductors sized 6 AWG (13,3 mm?) or smaller shall be solid wire.

5.2.2.2DV.2 The source used for test shall have an earthing system according to the

following:

a) Forp
the sou

Ds/cDM/BDM intended for connection to systems according to 4.3.6.1.4DV.2,
rce shall have a measured r.m.s working voltage from phase to earth equal to

or greater than the STRAIGHT VOLTAGE RATING, or the measured working voltage from
phase to earth may be lower than the STRAIGHT VOLTAGE RATING if the earth connection
of the PDs/cDM/BDM, and the wire mesh cage (if used), are connected to the supply
circuit pole least at risk of arcing to ground.
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b) For BDCM/cDM/PDS intended for connection only to systems according to
4.3.6.1.4

to earth

DV.3, the source shall have a measured r.m.s. working voltage from phase
equal to or greater than the rated phase to earth voltage.

5.2.2.3 Non-accessibility test (TYPE TEST)

This test is intended to show that LIVE PARTS, protected by means of enclosures and barriers in compliance
with 4.3.3.3, are not accessible.

This test shall be perfojmed as a TYPE TEST of the enclosure of a PDS as specified In IEC 60529 for the
enclosure classification

* the test probe for IP3X
direction + 5° only.

or protection against access to hazardous parts. Exception:

shall not penetrate the top surface of the enclosure when probed from the vertical

5.2.2.3DV D2 Modification to replace 5.2.2.3 with the following:

5.2.2.3DV.1 To

educe the risk of unintentional contact that may involve a‘risk of electric

shock or injury, the probe referenced in DVD.2.4.2.1 shall not contact an-uninsulated LIVE

PART or wire, el
any opening in

betrical energy — high current levels, or moving parts when inserted through
an enclosure.

5.2.2.3DV.2 The probe specified in 5.2.2.3DV.1 shall be applied in any possible

configuration;
the opening.

5.2.2.3DV.3 The

and, if necessary, the configuration shall be .changed after insertion through

probe specified in 5.2.2.3DV.1 is to:be applied with a force not to exceed 2,2

Ibf (10 N). The probe is to be used to determine the accessibility provided by an opening,

and notas ani

5.2.2.3DV.4 The

hstrument to determine the strength of a material.

probe specified in 5.2,2:3DV.1 is to be inserted as described in 5.2.2.3DV.2

into all openingLs, including those in the’bottom of the unit. For a floor-standing unit, the

probe is to be i
turning over, o
other than floo
the entire bottg

serted into all openings in the bottom that are accessible without tipping,

- otherwise moving'the unit from its intended installed position. For units

I standing units,the unit is to be moved in whatever way necessary to make
m accessible-for insertion of the probe.

5.2.2.4 Enclosure intTgrity test (TYPE TEST)

The claimed IP rating of the enclosure shall be verified. This test shall be performed as a TYPE TEST of the
enclosure of a PDs as specified in IEC 60529 for the enclosure classification.

5.2.2.4DV D2 Modification to replace 5.2.2.4 with the following:

See Annex DVD for enclosure requirements.
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5.2.2.5 Deformation tests

5.2.2.5DV D2 Modification:

Other than in 4.3.6.4.3DV.1, see Annex DVD is applicable for enclosure requirements.

5.2.2.5.1 General

The Deflection and Impact tests apply to PDS, and to enclosed cbM/BDM where they are intended for

operation without a fufther enclosure to which access is restricted to trained maintenance staff. After

completion of the Defle
for polymeric enclosur
inspected to check that

* LIVE PARTS have not be
* enclosures show no ¢
* clearances are not les
* barriers have not beer
* no moving parts which

The Deflection and Img
face(s) of the enclosure]

The PDS/CDM/BDM is ng
such an extent that its o

ction test (see 5.2.2.5.2) for metallic enclosures and the Impact test (see 5.2.2.5.3)
bs, the PDS/CDM/BDM shall pass the tests of 5.2.3.1 and 5.2.3.2 and shall"be

come accessible (see 4.3.3.3);
acks or openings which could cause a hazard;
5 than their minimum permitted values and other insulationtis uhdamaged;
damaged or loosened,;
could cause a hazard are exposed.

act tests shall be performed at the worst.case point on representative accessible

t required to be operational after testing and the enclosure may be deformed to
riginal IP classification is not.maintained.

5.2.2.5.2 Deflection tpst (TYPE TEST)

The enclosure shall be
for 5 s through the end

Damage to the finish,
electric shock or moistu

held firmly against avrigid support and subjected to a steady force of 250 N applied
bf a rod having@ 12,7 mm by 12,7 mm square, flat steel face.

small dents—and small chips which do not adversely affect the protection against
re, may'be ignored.

5.2.2.5.3 Impact test

(TYPE TEST)

A sample consisting of the enclosure or a portion thereof representing the largest non-reinforced area
shall be supported in its normal position. A solid smooth steel sphere, approximately 50 mm in diameter
and with a mass of 500 g + 25 g, shall be permitted to fall freely from rest through a vertical distance of
1 300 mm onto the sample. (Vertical surfaces are exempt from this test.)

In addition, the steel sphere shall be suspended by a cord and swung as a pendulum in order to apply a
horizontal impact, dropping through a vertical distance of 1 300 mm. (Horizontal surfaces are exempt from
this test.)

If the pendulum test is inconvenient, it is permitted to simulate horizontal impacts on vertical or sloping
surfaces by mounting the sample at 90° to its normal position and applying the vertical impact test instead
of the pendulum test.
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5.2.3 Electrical tests
5.2.3.1 Impulse voltage test (TYPE TEST and SAMPLE TEST)

The impulse voltage test is performed with a voltage having a 1,2/50 ys waveform (see Figure 6 of
IEC 60060-1) and is intended to simulate overvoltages of atmospheric origin. It also covers overvoltages
due to switching of equipment. See Table 18 for conditions of the impulse voltage test.

Tests on clearances smaller than required by Table 9 and on solid insulation are performed as TYPE TESTS
using appropriate voltages from Table 19 or Table 20.

Tests on components ar)d devices for PROTECTIVE SEPARATION are performed as a TYPE TEST and a SAMPLE
TEST before they are asgembled into the PDS, using the impulse withstand voltages listed in column 3.6r

column 5 of Table 19 or [lable 20, as appropriate.

To ensure that limiting devices (see 4.3.6.2.2, 4.3.6.2.3, 4.3.6.3) are able to reduce the overvoltage, the

values of column 2 or cplumn 4 in Table 19 or Table 20, as appropriate, are applied to the pDS)as a TYPE
TEST, and reduced valug¢s corresponding to the next lower voltage of the same column of\that Table are

verified.

If it is necessary to test p clearance that has been designed for altitudes between’2 000 m and 20 000 m
(using Table A.2 of IEQ 60664-1), the appropriate test voltage may be determined from the clearance
distance, using Table 9 in reverse.

Table 18
Impulse voltage test

Subject Test conditions
Test reference Clause 19, 20.1.1 and Figure6 of IEC 60060-1; 4.1.1.2.1 of IEC 60664-1
Requirement reference According t0 4.3.3.2,4.3'4.3 and 4.3.6
Preconditioning LIVE PARTS belenging to the same circuit shall be connected together.

PROTECTIVE(IMPEDANCES shall be disconnected unless required to be tested.
Impulse voltage to be applied: 1) between circuit under test and the surroundings; and
2) between eircuits to be tested. Power is not applied to circuits under test.

Initial measurement According to specification of PDS, component, or device

Test equipment Impulse generator 1,2/50 ys with an effective internal impedance not higher than: 2 Q
for testing clearances and limiting devices; and 500 Q for testing solid insulation and
components.

Measurement and verification a) b)
Clearances smaller than required by Solid REINFORCED INSULATION
Tabla-Q
Clearances reduced by overvoltage Clearances, components and devices for
limiting means or by circuit PROTECTIVE SEPARATION
characteristics
Solid BASIC or SUPPLEMENTARY
INSULATION

Three pulses 1,2/50 us of each polarity in 2 1 s interval, peak voltage (+ 5 %)
according to::

Test voltage column 2 or column 4 of Table 19, column 3 or column 5 of Table 19,
column 2 or column 4 of Table 20, as column 3 or column 5 of Table 20, as
appropriate appropriate

Table 18 Continued on Next Page


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

JUNE 24, 2022

UL 61800-5-1 129

Table 18 Continued

Subject

Test conditions

When the test is carried out on a clearance at an altitude less than 2 000 m, the test
voltage shall be increased according to Table 5 (and 4.1.1.2.1.2) of IEC 60664-1,
which is reproduced as Impulse tests performed below 2000 m altitude for the
purpose of verifying air clearances must use test voltages which have been corrected
for air pressure (altitude). Test voltages which have been corrected for three altitudes
are provided in Table D.2. Altitude correction of test voltage is not required for impulse
testing of solid insulation. The voltage values of Table D.2 apply for the verification of
clearances only.

Table D 2 in this international standard

The impulse voltage teq
of components and de

t is successfully passed if no puncture, flashover, or sparkover occurs. In the casé
ices which use solid insulation for PROTECTIVE SEPARATION, a subsequent partial

discharge test (see 5.2.3.3) shall also be passed.

Alternatively for HIGH-V(

a) three consecutive im

LTAGE PDS the impulse test is successfully passed if

bulses for each polarity have been applied and:

b) 15 consecutive impu

* no disruptive d
or

» one discharge|
have been appli

or

* the number of
series,

and

* no disruptive d

scharge occurs,

occurs in the self-restoring part of insulation, and then nine additional impulses
ed with no disruptive discharge occurring;

ses for each polarity have been applied and:

disruptive discharges on.self-restoring insulation does not exceed two for each

scharge on non-self-restoring insulation occurs.

Table 19
Impulse test voltage for LOW-VOLTAGE PDS

Column 1

2 | 3

2 | 5

SYSTEM VOLTAGE
(see 4.3.6.2.1)

Impulse withstand voltage for insulation
between circuits not connected directly to the
supply mains and their surroundings
according to overvoltage category Il

Impulse withstand voltage for insulation
between circuits connected directly to the
supply mains and their surroundings
according to overvoltage category Il

BASIC or BASIC or
SUPPLEMENTARY REINFORCED SUPPLEMENTARY REINFORCED
V) V) V) V) V)
<50 500 800 800 1500
100 800 1500 1500 2500
150 1500 2500 2500 4000

Table 19 Continued on Next Page


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

130 UL 61800-5-1 JUNE 24, 2022
Table 19 Continued
Column 1 2 | 3 4 5
SYSTEM VOLTAGE Impulse withstand voltage for insulation Impulse withstand voltage for insulation
(see 4.3.6.2.1) between circuits not connected directly to the between circuits connected directly to the
supply mains and their surroundings supply mains and their surroundings
according to overvoltage category Il according to overvoltage category Il
BASIC or BASIC or
SUPPLEMENTARY REINFORCED SUPPLEMENTARY REINFORCED
(V) V) V) (V) (V)
300 2500 4000 4000 6 000
600 4000 6 000 6 000 8 000
1000 6 000 8 000 8 000 12 000
- Interpolation is permitted Interpolation is not permitted
NOTE Test voltages for overvoltage categories | NOTE Test voltages for overvoltage categoriesH|
ar|d Il can be derived in a similar way from Table and IV can be derived in a similar way from Table
7 7.
Table 20
Impulse test voltage for HIGH-VOLTAGE PDS
Column 1 2 | 3 4 5
SYSTEM VOLTAGE Impulse w!thst.and voltaqe for insula.tion Impulse w!thst.and voltaqe for insula'tion
between circuits and their surroundings betweenCircuits and their surroundings
(see 4.3.6.2.1) . .
according to overvoltage category lll according to overvoltage category IV
BASIC or BASIC or
SBUPPLEMENTARY REINFORCED SUPPLEMENTARY REINFORCED
(V) (V) (V) (V) (V)
>1000 8 000 12 800 12 000 19 200
3600 20 000 32 000 40 000 64 000
7200 40 000 64 000 60 000 96 000
12 000 60 000 967000 75000 120 000
17 500 75000 120 000 95 000 152 000
24000 95 000 152 000 125000 200 000
36 000 125 000 200 000 145 000 232 000

Interpolation is permitted

NOTE Test voltages for overyoltage categories' ‘and Il can be derived in a similar way from Table 8.

5.2.3.2 A.C.ord.c. vdltageitest (TYPE TEST and ROUTINE TEST)

5.2.3.2DV D2

tiom:

ROUTINE TESTS are not required.

5.2.3.2.1 Purpose of test

The test is used to verify that the clearances and solid insulation of components and of assembled
PDS/CDM/BDM has adequate dielectric strength to resist overvoltage conditions.
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5.2.3.2.2 Value and type of test voltage

The values of the test

voltage are determined from column 2 or 3 of Table 21, Table 22, or Table 23,

depending upon whether the circuit under test is connected to low voltage mains, high voltage mains, or

not mains connected.

The test voltage from column 2 is used for testing circuits with BASIC INSULATION.

Between circuits with PROTECTIVE SEPARATION (DOUBLE or REINFORCED INSULATION), the test voltage of
column 3 shall be applied for TYPE TESTS. For ROUTINE TESTS between circuits with PROTECTIVE SEPARATION

the values from column

The values of column
test is performed betwe|

2-strattbeapptiedtoprevent danmage to thesotid-insutatiormr by partiatdischarge———

shall apply to PDS with protection against direct contact according to 4.3.3. Fhe
en circuits and accessible surfaces of PDS, which are non-conductive or conductive

but not connected to thg PROTECTIVE EARTHING CONDUCTOR.

The voltage test shall
capacitors the test may
a.c. voltage.

ROUTINE TESTS are perf
operations. Protective
4.3.6.2.2 and 4.3.6.2.3)
the test overvoltage fol
ensure that the test volt

5.2.3.2.2DV D1

The values of
applied to ev

be performed with a sinusoidal voltage at 50 Hz or 60 Hz. If the circuit contains
be performed with a d.c. voltage of a value equal to the peak valug of the specified

prmed to verify that clearances have not been reduced during the manufacturing
devices designed to reduce impulse voltages on the circuits under test (see
and circuits belonging to monitoring or protection circuits, not designed to sustain
the duration of the test, shall be disconnected.in‘order to avoid damage and to
hge can be applied without a false indication of faiture.

Modification:

test voltage are determined from Table 5.2.3.2.2DV.1. If the test voltage is
luate PROTECTIVE SEPARATION_then the value of the test voltage shall be in

accordance with column 3 of Table 21 or Table 23 as appropriate.

Table 5.2.3.2.2DV A1
Dielectric\Voltage Withstand Test Voltages

Vol{age rating, V (rms)or DC

Test voltage (rms)?

0-600%° 1000 V + (2 X nominal voltage rating) ®©

601.>~1 500 2000 V + (2,25 X nominal voltage ratings)

2 Alternating-cur

rent;.or1,414 times the values for direct-current.

b For equipment

rated not more than 250 V and intended for use in a pollution degree 2 location, the test voltage

may be reduced to 1 000 V. This reduced test voltage does not apply to any internal circuits, other than the DC
bus, that operate at more than 250 V.

° For isolated secondary circuits rated not more than 250 V and intended for use in a pollution degree 2
location, the test voltage may be reduced to 1 000 V.
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Table 21
A.C. or d.c. test voltage for circuits connected directly to low voltage mains
Column 1 2 3k
SYSTEM VOLTAGE Voltage for TYPE TESTING circuits with BASIC Voltage for TYPE TESTING circuits with
(see 4.3.6.2.1) INSULATION, and for all ROUTINE TESTING PROTECTIVE SEPARATION, and between

circuits and accessible surfaces (non-
conductive or conductive but not connected
to protective earth, PROTECTIVE CLASS Il
according to 4.3.5.6)

a.c.rm.s.? d.c. a.c.r.m.s. d.c.

(v) QA QA QL) ol
<50 1250 1770 2500 3540
100 1300 1840 2600 3680
150 1350 1910 2700 3820
300 1500 2120 3000 4240
600 1800 2550 3600 5.090
1000 2200 3110 4400 6,220

NOTE Interpolation is permitfed.
@ Corresponding to 1 200 V 4 SYSTEM VOLTAGE.
b A voltage source with a shart-circuit current of at least 0,1 A according to 5.2.2.2 of IEC 61180-1 is used for this test.

Table 22
A.C. or d.c|test voltage for circuits connected directly tochigh voltage mains
Column 1 2° 3k
Line to line Vgltage for TYPE TESTING circuits with BASIC Voltage for TYPE TESTING circuits with
SYSTEM VOLTAGE INSULATION, and for all ROUTINE TESTING PROTECTIVE SEPARATION, and between
(see 4.3.6.2.1) circuits and accessible surfaces (non-

conductive or conductive but not connected
to protective earth, PROTECTIVE CLASS Il
according to 4.3.5.6)

a.c.rm.s.? d.c. a.c.r.m.s. d.c.
(V) V) (V) (V) (V)
>1 000 3000 4250 4800 6 800
3600 10 000 14 150 16 000 22 650
7 200 20 000 28 300 32000 45 300
12000 28 000 39600 44 800 63 350
17 500 381000 53700 60 800 85900
24000 50 000 70700 80 000 113100
36 000 70000 99 000 112 000 158 400

NOTE Interpolation is permitted.

@ Values from Table 2 of IEC 60071-1
b A voltage source with a short-circuit current of at least 0,1 A according to 5.2.2.2 of IEC 61180-1 is used for this test.



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

JUNE 24, 2022 UL 61800-5-1 133

Table 23
A.C. or d.c. test voltage for circuits not connected directly to the mains

Column 1 22 32
WORKING VOLTAGE | Voltage for TYPE TESTING circuits with BASIC Voltage for TYPE TESTING circuits with
(recurring peak) INSULATION, and for all ROUTINE TESTING PROTECTIVE SEPARATION, and between
(see 4.3.6.2.1) circuits and accessible surfaces (non-
conductive or conductive but not connected
to protective earth, PROTECTIVE CLASS Il
according to 4.3.5.6)
a.c.r.m.s. d.c a.c.r.m.s. d.c.
(V) N 4 e e
<71 80 110 160 220
141 160 225 320 450
212 240 340 480 680
330 380 530 760 1100
440 500 700 1000 1.400
600 680 960 1400 17900
1000 1100 1600 2200 3200
1600 1800 2600 2900 4200
2300 2600 3700 4200 5900
3000 3400 4800 5400 7700
4600 5200 7400 8300 11 800
7 600 8 500 12 000 14 000 19 000
16 000 18 000 26 000 29 000 42 000
23 000 26 000 37 000 42000 59 000
30 000 34 000 48 000 54 000 77 000
38 000 43 000 61000 69 000 98 000
50 000 57 000 80 000 91000 130 000
60 000 70 000 99 000 109 000 154 000
NOTE 1 Interpolation is permitted.
NOTE 2 Test voltages in thiq table are based upon 80 % of/thewwithstand voltage for the corresponding clearance of Table 9 as
provided by Table A.1 of IEQ 60664-1.
3) A voltage source with a short-circuit current of at least0,1 A according to 5.2.2.2 of IEC 61180-1 is used for this test.
5.2.3.2.3 Performingjthe voltage test
The test shall be appliedl as follows, according to Figure 8.
a) Test (1) betwpen)accessible conductive part (connected to earth) and each circuit sequentially
(except Dvc A circuits). Test voltage according to, Table 22, or Table 23, column 2, corresponding

to voltage of considered circuit under test.

b) Test (2) between accessible surface (non conductive or conductive but not connected to earth)
and each circuit sequentially (except DVC A circuits). Test voltage according to Table 21, Table 22,
or Table 23, column 3 (for type test) or column 2 (for routine test), corresponding to voltage of
considered circuit under test.

c) Test between each considered circuit sequentially and the other ADJACENT CIRCUITS connected
together. Test voltage according to Table 21, Table 22, or Table 23, column 2, corresponding to
voltage of considered circuit under test.

d) Test between DvC A circuit and each ADJACENT CIRCUIT sequentially. Test voltage according to
Table 21, Table 22, or Table 23, column 3 (for TYPE TEST) or column 2 (for ROUTINE TEST),
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corresponding to the circuit with the higher voltage. Either the ADJACENT CIRCUIT or the DVC A circuit

may be earthed for this test. It is necessary to test BASIC INSULATION between PELV and SELV
CIRCUITS, but it is not necessary to test FUNCTIONAL INSULATION between ADJACENT PELV or ADJACENT
SELV CIRCUITS.

Because PELV / SELV CIRCUITS and circuits of bvc C and D are typically separated from chassis (earth) by
BASIC INSULATION, it is typically impossible to test DOUBLE or REINFORCED INSULATION separating low-voltage

circuits from high-voltage circuits in a fully-assembled PDsS without overstressing the BASIC INSULATION.

Because of this, it may be necessary to disassemble the PDS, or it may not be possible to perform TYPE
TESTS of protective insulation at voltages according to column 3 of Table 21 to Table 23. In these cases the
TYPE TEST of insulation used for PROTECTIVE SEPARATION shall be performed at voltages according to

column 2 of the appropriatetable

Adjacent circuit Adjacent circuit —
Adjacent circuit Adjacent circuit
Test
. voltage
Accessible surface

)

. d

Considered circuit Considered circuit ngjs;;ig;?d ,”

under test under test circuit under test \

Test
voltage Test
(1) voltage
Test
voltage PELV or SELV
DVC A circuit /
under test \\
Exposed conductive part
N N N
a) b) <)
IEC 120/07
su0070a
Figure 8

Voltage test procedures
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The tests shall be performed with the doors of the enclosure closed.

When the circuit is electrically connected to accessible conductive parts, the voltage test is not relevant,
and may be omitted.

To create a continuous circuit for the voltage test on the PDS, terminals, open contacts on switches and
semiconductor switching devices, etc. shall be bridged where necessary. Before testing, semiconductors
and other vulnerable components within a circuit may be disconnected and/or their terminals bridged to
avoid damage occurring to them during the test.

Wherever practicable, i
interference suppressign capacitors, should not be disconnected or bridged before the test.
is recommended to use|the d.c. test voltage according to 5.2.3.2.2.

In this case, it

Where the PDS is covered totally or partly by a non-conductive accessible surface, a conductive/foil to
which the test voltage|is applied shall be wrapped around this surface for testing. In this~case, the

insulation test between| a circuit and non-conductive accessible surface may be performegd, as a SAMPLE
TEST instead of a ROUTIINE TEST.

ROUTINE TESTING of the

* ROUTINE TESTING of all

and

hssembled PDS is not required if:

subassemblies related to the insulation system of the RDS'is performed;

+ it can be demonstrated that final assembly will not compromise theginsulation system;

and

* TYPE TESTING of the fu

PROTECTIVE IMPEDANCES
protectively separated
shall be carefully restor
screens according to 4.]

In the case of HIGH-VOLT,
HIGH-VOLTAGE PDS, if the

of the original test volta

y-assembled PDS was performed successfully.

according to 4.3.4.3 shall.either be included in the testing or the connection to the
part of the circuit shall be_opened before testing. In the latter case, the connection
ed after the voltage test in order to avoid any damage to the insulation. Protective
3.2 shall remain connected to accessible conductive parts during the voltage test.

IAGE PDS, the voltage shall be applied using a ramp of up to 5 s in duration. Also, for
test is required or requested to be repeated, the voltage shall be de-rated to 80 %

je.

5.2.3.2.3DVA1 L

E Modification to correct:

The test voltage in item (a) shall be according to Table 21, Table 22, or Table 23, column 2,
corresponding to voltage of considered circuit under test.

5.2.3.2.3DV.2 D2 Modification:

5.2.3.2.3DV.2.1
the door close

Since it is not possible to conduct a ROUTINE TEST on an enclosed device with
d, the test may be conducted with the door open.

5.2.3.2.3DV.2.2 The test method in item (b) does not apply to circuits that are bvc A circuits.
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5.2.3.2.3DVv.2.3
test shall empl

Other than as noted in 5.2.3.2.3DV.2.4, the equipment used to conduct this
oy a 500 VA or larger capacity transformer, the output voltage of which is

sinusoidal and is able to be varied. The applied potential is to be increased from zero to the

required value

at a substantially uniform rate and as rapidly as is consistent with its value

being correctly indicated by a voltmeter.

5.2.3.2.3DV.2.4
transformer is
potential.

5.2.3.2.4 Duration of

The duration of the test

A 500 VA or larger capacity transformer is not required to be used when the
provided with a voltmeter that directly measures the applied output

the a.c. or d.c. voltage test

bhall be at least 5 s for the TYPE TESTand 1 s for the ROUTINE TEST. The test voltage

may be applied with incifeasing and/or decreasing ramp voltage but the full voltage shall be maintained for

5 s and 1 s respectively
5.2.3.2.4DV D2

The test durati

5.2.3.2.5 Verification
The test is successfully
5.2.3.3 Partial discha

The partial discharge t

components and subass

free within the specified

This test shall be perfor

which are not degraded

The partial discharge in

and moisture), equipme

significant under certain

for TYPE and ROUTINE TESTS.
IModification:

bn for a TYPE TEST shall be 60 s.

pf the a.c. or d.c. voltage test
passed if no ELECTRICAL BREAKDOWN occurs during the test.
Fge test (TYPE TEST, SAMPLE TEST)

pst (see Table 24) shall confirm. that the solid insulation (see 4.3.6.8) used in
emblies for PROTECTIVE SEPARATION of electrical circuits remains partial-discharge-
voltage range (see Table 24):

Med as a TYPE TEST and a SAMPLE TEST. It may be deleted for insulating materials
by partial dischargée;.for example ceramics.

Ception and_éxtinction voltage are influenced by climatic factors (e.g. temperature
nt self heating, and manufacturing tolerance. These influencing variables can be
conditions ‘and shall therefore be taken into account during TYPE TESTING.

5.2.3.3DV D2 M|odiﬁcation to replace 5.2.3.3 with the following:

Partial Discharge testing is not required.
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Table 24

Partial discharge test

Subject Test conditions
Test reference 4.1.2.4 of IEC 60664-1
Requirement reference 4.36.8
Preconditioning Samples shall be pre-conditioned according to method b) of 4.1.2.1. of IEC 60664-1

Live parts belonging to the same circuit shall be connected together

TT1S recommended that the partal discharge 1est IS performed aiter the impulse

voltage test (see 5.2.3.1) in order that any damage caused by the impulse voltage
test may be apparent

It is advisable that the partial discharge test is performed before inserting the
components or devices into the equipment because partial discharge testing is not
normally possible when the equipment is assembled

Initial measurement According to specification of component or device

Test equipment Calibrated charge measuring device or radio interference meter without weighting filters
Test circuit Clause C.1 of IEC 60664-1

Test voltage The peak value of a.c. 50 Hz or 60 Hz

Test method 4.1.2.4 of [EC 60664-1: F1 =1,2; F2 ,F3=1,25. Test procedure-4.1.2.4.2 of IEC 60664-1
Calibration of test equipmen| Clause C.4 of IEC 60664-1

Measurement Starting from a value below the rated discharge voltage Upp?, the voltage shall be

linearly increased to 1,875 times Upp and held fora maximum of 5 s

The voltage shall then be linearly decreasedto™1,5 times Upp (£ 5 %) and held for
a maximum time of 15 s, during which the partial discharge is measured

Verification The test shall be considered to havelBeen successfully passed if the partial
discharge is less than 10 pC during the measurement period

1,875 Upp

1,5Upp

&—<5s—> <15s

IEC 263/03

a The rated discharge voltage is the sum of the recurring peak voltages in each of the circuits separated by the
insulation.

su0593
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5.2.3.4 Protective impedance (type test and routine test)

A TYPE TEST shall be pe

rformed to verify that the current through a PROTECTIVE IMPEDANCE under normal

operating conditions does not exceed the values given in 4.3.4.3. The test shall be performed using the
circuit of IEC 60990, Figure 4.

NOTE IEC 60990 states that the use of a single network for the measurement of a.c. combined with d.c. has not been investigated,
but no suggestion is made for measurement in such cases.

The value of the PROTEC

TIVE IMPEDANCE shall be verified as a ROUTINE TEST.

5.2.3.4DV D2 IV‘odification:

5.2.3.4DV.1 As
replaced by a ¢

pn alternative test method for the TYPE TEST, the circuit of IEC 60990 may, be

irect short to earth and measurement of the current through the short,.

5.2.3.4DV.2 Th¢ value of the PROTECTIVE IMPEDANCE need not be verified as a ROUTINE TEST.

5.2.3.5 TOUCH CURREN

The touch current shall
4.3.5.5.2). The test may
motor may be unloaded
be used.

The pDs shall be set up

I measurement (TYPE TEST)

be measured to determine if the measures of protection need not be taken (see
be used for a BDM, but in that case the BDM shall'be/connected to a motor. The
but the length and the type of the motor cable indicated by the manufacturer shall

in an insulated state without any connection to the earth and shall be operated at

rated voltage. Under these conditions, the touch current shall be measured between the means of

connection for the PROT
the measuring network ¢

» For a PDS to be conne
directly connected to the

* For a PDSs to be conne
through a resistance of
input phase in turn. The

ECTIVE EARTHING CONDUCTOR and thé PROTECTIVE EARTHING CONDUCTOR itself with
f Figure 4 of IEC 60990.

cted to an earthed neutral'system, the neutral of the mains of the test site shall be
PROTECTIVE EARTHING CONDUCTOR.

cted to an isolatéd)system or impedance system, the neutral shall be connected
1 kQ to the PROQTECTIVE EARTHING CONDUCTOR which shall be connected to each
highest value'will be taken as the definitive result.

» For a PDS to be conngcted.to.a corner earthed system, the PROTECTIVE EARTHING CONDUCTOR shall be

connected to each input

phase'in turn. The highest value will be taken as the definitive result.

* For a PDs with a particular earthing system, this system shall operate as intended during the test.

* If a PDS is intended to

networks (or the worst-

measurement.

be connected to more than one system network, each of these different system
case, if that can be determined) shall be used to make the TOUCH CURRENT

This is performed as a TYPE TEST.

5.2.3.5DV D2 Modification:

5.2.3.5DV.1 In accordance with 4.3.5.5.2DV, the following test method shall be used to
determine the LEAKAGE CURRENT.


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

JUNE 24, 2022 UL 61800-5-1 139

5.2.3.5DV.2 All exposed conductive surfaces are to be tested for LEAKAGE CURRENTS.
LEAKAGE CURRENTS from these surfaces are to be measured to the grounded supply

conductor individually as well as collectively if simultaneously accessible, and from one
surface to another if simultaneously accessible. Parts are considered to be exposed
surfaces unless they are guarded by an enclosure considered acceptable for protection
against the risk of electric shock. Surfaces are considered to be simultaneously accessible
if they can be readily contacted by one or both hands of a person at the same time. These
measurements do not apply to terminals operating at voltages that are not considered to
involve a risk of electric shock. If all accessible surfaces are bonded together and
connected to the grounding conductor of the power-supply cord, the LEAKAGE CURRENT can
be measured between the grounding conductor and the grounded supply conductor. If

exposed dead|metal parts of the equipment are connected to the neutral supply conductor,
this connectioh is to be open during the test.

5.2.3.5DV.3 If § conductive surface other than metal is used for the enclosure or part of'the
enclosure, the|LEAKAGE CURRENT is to be measured using a metal foil with an area of'4)by 8
inches (10 by 20 cm) in contact with the surface. If the surface is less than 4 by 8.inches (10
by 20 cm), the|metal foil is to be the same size as the surface. The metal foil is@ot to remain
in place long gnough to affect the temperature of the equipment.

5.2.3.5DV.4 Thp measurement circuit for LEAKAGE CURRENT for single phase equipment is to
be as illustratgd in Figure 5.2.3.5DV.1. For 3-phase equipment, the LEAKAGE CURRENT shall be
the sum of mepsurements from each phase to neutral. The measurement instrument is
defined in (a) + (c). The meter that is actually used for a measurement need only indicate
the same numerical value for a particular measurement as would the defined instrument; it
need not have|all the attributes of the defined instrument:

a) The meter is to have an input impedance of*1.500 Q resistive shunted by a
capacitance of 0,15 pF.

b) The meter is to indicate 1,11 times the average of the full-wave rectified
composite waveform of voltage across'the resistor or current through the resistor.

c) Overla frequency range of 0~100 kHz, the measurement circuitry is to have a
frequenrlcy response — ratio of indicated to actual value of current — that is equal to
the ratiop of the impedance.of a 1 500-Q resistor shunted by a 0,15-uF capacitor to 1
500 Q. At an indication of 3,5 mA, the measurement is to have an error of not more
than 5 gercent at 60 Hz.
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Figure 5.2.3.5DV.1

Leakage-Current Measurement Circuits

PRODUCT METER

OR
St % INSULATING
TABLE

120V

V4
GROUNDED SUPPLY CONDUCTOR B\\

Fquipment intended for connection to a 120 V power supply, as illustrated above.

- 52 PRODUCT METER
T 120V [ l_‘
240V <—— 3 @:
‘ 120V L
= R
St % INSULATING
L TABLE
7
GROUNDED SUPPLY CONDUCTOR B N\

Equipment intended| for connection to a 3—wire, grounded neutral power.'Supply, as illustrated above.

o —— S2
To | (e

240v120v S1 L I
* 120V L,L?J

Rl (D008

L—

GR
/ PRODUCT METER

% INSULATING
L TABLE

|

S
GROUNDED-SUPPLY CONDUCTOR B

Equipment intended| for, connection to a 3—wire, grounded neutral power supply, as in the 240 V example illustrated above.

A — Probe with shielded lead.

B — Separated and used as clip when measuring currents from one part of equipment to another.

LC100K
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5.2.3.6

5.2.3.5DV.5 Unless the meter is being used to measure leakage from one part of the
equipment to another, the meter is to be connected between the accessible parts and the
grounded supply conductor.

5.2.3.5DV.6 A sample of the equipment is to be tested for LEAKAGE CURRENT starting with the
as-received condition — as-received being without prior energization except as may occur
as part of the production-line testing. The grounding conductor, if any, is to be open at the
attachment plug. The supply voltage is to be in accordance with Table 5.2DV.1. The test
sequence, with reference to the measuring circuit, Figure 5.2.3.5DV.1, is to be as follows:

a) With switch S1 open, the equipment is to be connected to the measuring circuit.
LEAKAGE CURRENT is to be measured using both positions of switch $2, and with the

equipment switching devices in all their normal operating positions.

b) Swit¢h S1 is then to be closed energizing the appliance and within 5 s the
LEAKAGE CURRENT is to be measured using both positions of switch $2, and with the

equipment switching devices in all their normal operating positions.

c) The JEAKAGE CURRENT is to be monitored until thermal stabilization. Both positions
of switgh S2 are to be used in determining this measurement. Thermal stabilization
is cons|dered to be obtained by operation as in the normal temperature test.

5.2.3.5DV.7 Normally a sample will be carried through the complete leakage-current-test
programs desgribed in 5.2.3.5DV.6, without interruption for othertests. With the
concurrence df those concerned, the Leakage Current Tests may be interrupted for the
purpose of conducting other nondestructive tests.

Short-circuit fest and Breakdown of components tést (TYPE TESTS)
5.2.3.6DV D2 Modification to add the following:
5.2.3.6DV.1 GRPUP INSTALLATION (Optional)
5.2.3.6DV.1.1 General

5.2.3.6DV.1.1.1 A drive that is intended to be marked as suitable for GROUP INSTALLATION per
6.3.7DV.3.2 shall be tested.in‘accordance with 5.2.3.6DV.1.2, 5.2.3.6DV.1.3 and 5.2.3.6DV.1.5,
Breakdown of|Components Test — GROUP INSTALLATION for Standard Fault Currents. Drives
intended for GROUP INSTALLATION at high fault currents shall be tested in accordance with
5.2.3.6DV.1.2 {5.2.3:6DV.1.6, Breakdown of Components Test — GROUP INSTALLATION for High
Fault Currents,. Wiring terminals of drives intended for GROUP INSTALLATION shall comply
with 5.2.3.6DV.1.1.5. Drives intended for GROUP INSTALLATION according to 5.2.3.6DV.1.1.2

shall be marked in accordance with 6.3.7DV.3.2, Branch circuit short circuit protection for
GROUP INSTALLATION, and 6.3.6.4DV.1.14.

5.2.3.6DV.1.1.2 The requirements in this section cover drives:

a) For use on circuits having available short circuit currents at standard fault levels
or at high fault levels; and

b) Protected by an inverse-time circuit breaker or non-semiconductor fuse(s)
intended to provide branch-circuit protection for two or more motors, or one or
more motors and other loads. The protective device(s) shall be selected in
accordance with 5.2.3.6DV.1.1.3; and
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c) Connected to branch-circuit conductors that have an ampacity not limited to 125
percent of rated full-load input controller current or 125 percent of rated fullload
output motor current. The main input and output power conductors shall be sized
according to 5.2.3.6DV.1.1.4; and

d) That incorporates solid state overload protection that is subjected to the

requirements in 5.2.9DV and that complies with the ELECTRONIC MOTOR OVERLOAD
PROTECTION test (TYPE TEST), 5.2.8.

5.2.3.6DV.1.1.3 The branch-circuit protective devices shall be selected in accordance with
5.2.3.6.2DV.4.1, with the following modifications:

a) The I?}anch-circuit protective devices shall be either inverse time circuit breakers
or non-§emiconductor fuses.

b) The current rating of the protective device is permitted to be greater than the
values T:‘ecified in 5.2.3.6.2DV.4.1.6 (a),(b) and 5.2.3.6.2DV.4.1.8 (a),(b). The.

maximupm size of the branch circuit protective device shall not exceed thé ampere
rating calculated from the following formula:

Amperes = 9,6 - (maximum wire size)| — [2,2 - (minimum motor FLA)]

in which:

aximum wire size is the ampacity from Table*4.3.8.1DV.1 of the largest
cpbnductor size for which the device terminals have been evaluated; and

inimum motor FLA is the smallest rated FLA (or equivalent FLA from
hprsepower rating per Table DVE.1)marked on the device.

5.2.3.6DV.1.1.4|The input and output wiring shall be in accordance with 5.2.3.6.2DV.5.1.2,
with the following modifications:

a) The main input power conductors are permitted to be larger than those specified
in 5.2.3.6.2DV.5.1.2(a).

b) The rrLain output power conductors are permitted to be larger than those specified
in 5.2.3.6.2DV.5.1.2(c):

5.2.3.6DV.1.1.5|A wiring-terminal shall comply with secureness and pullout requirements
with the maximum size conductor permitted by the marking specified in 6.3.6.4DV.1.14.

5.2.3.6DV.1.2 Sample selection

5.2.3.6DV.1.2.1 A sample drive that complies in all other respects with requirements in this
standard shall be subjected to the tests specified in 5.2.3.6DV.1.1.1. The drive is to be
connected in series with:

a) A non-semiconductor fuse(s) or an inverse-time circuit breaker of the maximum
standard rating with which the drive is intended to be used; and

b) The maximum size of main input and output power conductors with which the
equipment is intended to be used.

5.2.3.6DV.1.3 Short circuit test — GROUP INSTALLATION for standard fault currents
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5.2.3.6DV.1.3.1 A drive having short circuit ratings at levels specified in Table 4.3.9DV.1

shall comply with the requirements of 5.2.3.6.1DV, Short Circuit Test — Standard Fault
Currents, with the following modifications:

a)In 5.2.3.6.2.1DV.2.1, a drive controller that does not rely solely on solid-state short
circuit protection shall be tested on a circuit that complies with the power factor
specified in Table 5.2.3.6DV.1.3.1.1. The circuit shall be calibrated as described in
the Calibration of Test Circuits, 5.2.3.6.2.1DV.3.

b) In 5.2.3.6.2DV.5.1.2, the input and output wiring shall be according to
5.2.3.6DV.1.1.4.

c)In 5.2.3.6.2DV.4.1.1 — 5.2.3.6.2DV.4.1.9, the current rating and type of branch-
circuitJrotective device(s) shall be selected according to 5.2.3.6DV.1.1.3.

d) In 5.4.3.6.2DV.4.1.10 and 6.3.7DV.1.1, the branch-circuit short-circuit protection
shall b1 marked in accordance with 6.3.7DV.3.2, Branch circuit short circuit
protection for GROUP INSTALLATION

Table 5.2.3.6DV.1.3.1.1
Power Factor of Test Circuits for Devices Rated 600 V or-Less

Test current, amperes? Power factor®
10 000 amperes or less 0,70 - 0,80
10001 —-20 000 0,25-0,30
Greater than 20 000 0,15-0,20
2 Symmetrical rmps amperes
P Lower power f4ctor circuits than specified may be used.

5.2.3.6DV.1.4 Short circuit test — GROUP INSTALLATION for high fault currents

5.2.3.6DV.1.4.1 A drive having short circuit ratings in excess of the levels specified in Table
4.3.9DV.1 shal| comply with the requirements of 5.2.3.6.2.1DV.5, Short Circuit Test — High
Fault Currents, with the following modifications:

a) The §.2.3.6.2 reference in 5.2.3.6.2.1DV.5.5 is amended by 5.2.3.6DV.1.3; and

b) The maximum current rating of the branch-circuit protective device(s) shall be
selectefl according to 5.2.3.6DV.1.1.3. The type of the branch-circuit protective
device(r) shall comply with 5.2.3.6DV.1.1.3.

5.2.3.6DV.1.5 Breakdown of components test — GROUP INSTALLATION for standard fault
currents

5.2.3.6DV.1.5.1 A drive having short circuit ratings at the standard available levels specified
in Table 4.3.9DV.1 shall be tested in accordance with 5.2.3.6.4, Breakdown of Components
Test, with the following additional requirements:

b) The drive shall be connected in series with branch-circuit protective devices
selected according to 5.2.3.6DV.1.1.3.

c) The drive shall be tested with 4 feet (1,2 m) of wire, or less, attached to each input
terminal and output terminal (if required). For enclosed drives, the input wiring and
output wiring (if required) is then to be routed through 10 — 12 inch (250 — 305 mm)
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lengths of conduit installed on the enclosure with the ends of the conduit plugged
with surgical cotton. For an open type drive controller, a wire mesh cage that is 1,5
times the size of the controller is usable to simulate the intended enclosure. The
wire mesh cage must be grounded per (a).

d) The input and output wiring shall be according to 5.2.3.6DV.1.1.4.

e) The drive shall be tested on a circuit that is calibrated as described in
5.2.3.6.2

test circ

.1DV.3, Calibration of Test Circuits. The available short circuit current of the
uit shall be the standard fault current value according to Table 4.3.9DV.1.

5.2.3.6DV.1.6 Breakdown of components test — GROUP INSTALLATION for high fault currents

5.2.3.6DV.1.6.1

4.3.9DV.1 shall
INSTALLATION fo

5.2.3.6DV.1.6.2
4.3.9DV.1 shall

drive having short circuit ratings in excess of the levels specified in Tablé

comply with 5.2.3.6DV.1.5, Breakdown of Components Test — GROUP
I Standard Fault Currents.

A drive having short circuit ratings in excess of the levels specified in Table
additionally be tested in accordance with 5.2.3.6.4, Breakdown of

Components T
a)Ther

b) The
-(9)-

c) Thed
5.2.3.6.
test circ
current
same v

5.2.3.6.1 General

Protection against risk o
of a component for a cD

st, with the following modifications:
quirements of 5.2.3.6.4 are amended by (a) — (d) of 5.2:3.6DV.1.5.1.

anch-circuit protective device(s) shall also comply with 5.2.3.6.2.1DV.5.5 (a)

ive shall be tested on a circuit that is calibrated as described in

.1DV.3, Calibration of Test Circuits. Theavailable short circuit current of the
it shall be the maximum value for which the drive is rated. The high fault
alues for which a drive is able to.be tested are not required to be one of the

lues detailed in Table 4.3.9DV.1.

f thermal, electric.sheck and energy hazards in case of short circuit or breakdown
\/BDM or for a PPS-in combination with its INSTALLATION shall be evaluated by:

5.3 and 52.3.6.4,

a) tests defined in 5.2.3.
or

b) calculation or simulat

on based on tests as defined in 5.2.3.6.3 and 5.2.3.6.4 on a representative model

of PDS/CDM/BDM, where no damage other than opening of fuses or tripping of circuit breakers has occurred

to the test sample,

NOTE A representative model means a PDS/CDM/BDM with similar power elements (for example, power semiconductors, fuses,
circuit breakers, capacitors, short circuit detection and output inductances) and circuit topologies as the PDS/CDM/BDM under

consideration.

or

c) for HIGH-VOLTAGE PDS: calculation or simulation based on tests of elements that adequately represent
those used in the PDS. The elements, tests and test conditions shall be selected so that there is sufficient
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confidence in the test results for them to be transferred (for example, by scaling from lower to higher
power) to the PDS/CDM/BDM under consideration,

or

d) for custom PDS: risk and hazard analysis of the intended application, and analysis of the construction
characteristics. See 6.3.9 for commissioning information requirements.

NOTE Custom PDS rely on the construction characteristics of the installation to provide protection.

5.2.3.6.1DV.1 Tlhe normative text of items b), ¢c) and d) does not apply. The informative note
in item b) may|be useful.

5.2.3.6.1DV.2 Hor the method in item a) with respect to only the short circuit test in'5.2.3.6.3,

any model is able to serve as the representative model from a series that uses’SOLID STATE
SHORT CIRCUIT RROTECTION circuitry for compliance with this test. As an example,for a drive

series with mqgdels rated from 25 hp to 700 hp (18,64 — 521,99 kW), the testing of the 25 hp
model at 5 000 A represents the testing of any models at 10 000 A, 18 000,A, 30 000 A, or
42 000 A. In addition, short circuit testing may be conducted at 5 000 A to represent higher
short circuit tgst values when all of the following requirements are, met

a) The §ame solid state protection circuitry is used threughout the series;
b) Any fevisions to the protection circuitry require‘re-evaluation;

c) The grotection circuitry turns off the output‘devices (Insulated Gate Bi-polar
Transistor (IGBT), bi-polar, and similar devices prior to the time in which the devices
are danmjaged by any increase in current. This is based on the manufacturer’s rating
of the output devices (typically 10 ys for IGBTs, and 50 ps for bi-polars);

d) Any increase in current experienced by the output devices is the result of the DC
bus capacitor bank discharging;

e) The qutput devices areiturned off by the protection circuitry prior to any
significhnt increase in-the input current;

f) In response to athigher standard fault current (for example 42 000 A vs. 5 000 A),
the protection circuitry shall react to the higher standard fault current (42 000 A) in
the sanje or shorter time as the lower standard fault current (5 000 A). This may be

verified|through testing at the higher fault current value or through inspection of the
SOLID STATE)SHORT CIRCUIT PROTECTION hardware and software circuitry; and

d) When relying on current sensing (as opposed to output device collector voltage
sensing) to actuate the protection circuitry, either the DC bus or all main motor
output lines shall be monitored.

5.2.3.6.1DV.3 The criteria for samples to test for a drive series that uses fuses or circuit
breakers for compliance with this test is based on comparing the fuse or circuit breaker
ratings to the Silicon Controlled Rectifier (SCR) or transistor output device ratings for each
model within the series (specific ratings to evaluate are the I’t and I, values).
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5.2.3.6.2 Test configuration

In the case of a PDs/CDM/BDM supplied without an enclosure, a wire mesh cage which is 1,5 times the
individual linear dimensions of the PDS/CDM/BDM part under study shall be used to simulate the intended
enclosure.

The pDs/cbm/BDM, and the wire mesh cage (if used), shall be earthed according to the requirements of
4.3.5.3.2.

Surgical cotton shall be placed at all openings, handles, flanges, joints, and similar locations on the

outside of the enclosurepraroundthewire meshrcage tif used):

Where the PDS under t¢st is specified in its installation manual to require external means of protection
against faults, these spgcific means shall be provided for the test.

The voltages of accessilple SELV and PELV CIRCUITS of DVC A shall be monitored.
5.2.3.6.2DV.1 DR Modification to add the following:
5.2.3.6.2DV.1.1|Enclosures
5.2.3.6.2DV.1.1]1 Enclosed type drives shall be tested within the intended enclosure.

5.2.3.6.2DV.1.1]2 OPEN TYPE drives shall be tested within one-of the following:

a) An urjventilated solid outer enclosure 1-1/2 times the size of the drive;

b) A wir¢ mesh outer enclosure 1-1/2 times the size of the drive; or

c) An outer enclosure of such size and-with such ventilation as described in the
INSTALLATION instructions provided with-the drive.

5.2.3.6.2DV.2 DR Modification to add the following:
5.2.3.6.2DV.2.1 [Earthing

5.2.3.6.2DV.2.1J1 The pbS/cDM/BDM, and the wire mesh cage (if used), shall be connected to
earth. The condluctor.shall have a maximum length of 4 ft (1,2 m) and be sized in
accordance with 4.3.5.4DV.1. For conductors sized 6 AWG (13,3 mm?) or smaller shall be
solid wire.

5.2.3.6.2DV.2.1.2 The source used for test shall have an earthing system according to the
following:

a) For pps/cbm/BDM intended for connection to systems according to 4.3.6.1.4DV.2,
the source shall have a measured r.m.s working voltage from phase to earth equal to
or greater than the STRAIGHT VOLTAGE RATING, or the measured working voltage from
phase to earth may be lower than the STRAIGHT VOLTAGE RATING if the earth connection
of the PDs/cDM/BDM, and the wire mesh cage (if used), are connected to the supply
circuit pole least at risk of arcing to ground.

b) For BDCM/CDM/PDS intended for connection only to systems according to
4.3.6.1.4DV.3, the source shall have a measured r.m.s. working voltage from phase
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to earth equal to or greater than the rated phase to earth voltage. If the source is a
three phase, four wire, center earthed system (TN), the test circuit shall also be able
to deliver not less than 90 % of the rated high fault current into a single-phase short
circuit between each phase and “S”. The single-phase power factor shall comply
with 5.2.3.6.2DV.3.

5.2.3.6.2DV.3 D2 Modification to add the following:

5.2.3.6.2DV.3.1 Mounting

5.2.3.6.2DV.3.1.1 Each drive shall be mounted as described in the manufacturer’s
INSTALLATION injstructions.

5.2.3.6.2DV.4 D2 Modification to add the following:
5.2.3.6.2DV.4.1 Branch circuit short circuit protection

5.2.3.6.2DV.4.1.1 Drives shall always be tested with fuses, circuit breakers, and Type E
combination motor controllers unless the drive is marked to identifythat branch circuit
short circuit protection shall be provided in compliance with one.of the following:

a) Brangh circuit short circuit protection shall be provided by fuses only (either
semicohductor or non-semiconductor types), then.testing with circuit breakers and
Type E combination motor controllers is not required.

b) Brangh circuit short circuit protection shall be provided by fuses (either
semicohductor or non-semiconductor types) or circuit breakers only, then testing
with Type E combination motor controllers is not required.

c) Brang¢h circuit short circuit protection shall be provided by fuses (either
semicohductor or non-semiconductor types) or Type E combination motor
controllers only, then testing with circuit breakers is not required.

d) Brangh circuit short circuit protection shall be provided by circuit breakers only,
then tegting with fuse's and Type E combination motor controllers is not required.

5.2.3.6.2DV.4.1.2 The overcurrent protective device used for this test shall be suitable for
branch circuit|protection in accordance with the National Electrical Code, NFPA 70 (fuses
shall comply with the series of UL 248 standards, circuit breakers shall comply with the
Standard for Molded-Case Circuit Breakers, Molded-Case Switches and Circuit-Breaker

Enclosures, UL 489, and Type E combination motor controllers shall comply with the
Standard for Industrial Control Equipment, UL 508) and shall be in accordance with the
marking of the drive specified in 6.3.7DV.1.1. When the drive is marked with a high fault
current rating, the overcurrent protective device shall also comply with 5.2.3.6.2.1DV.5.5
through 5.2.3.6.2.1DV.5.7.

5.2.3.6.2DV.4.1.3 Testing with non-semiconductor types fuses shall not be used in lieu of
testing with circuit breakers (either inverse-time or instantaneous trip types) or Type E
combination motor controllers unless it can be shown that the let-through energy (I*t) and
peak let-through current (1) of the required inverse-time current-limiting circuit breaker
and Type E combination motor controller will be less than that of the non-semiconductor
type fuses with which the drive has been tested; or if the equipment under test is provided
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with solid-state short circuit protection circuitry per 5.2.3.6.1DV and it can be shown by test
that this circuitry operates prior to the branch circuit protection operating.

5.2.3.6.2DV.4.1.4 Testing with semiconductor type fuses shall not be used in lieu of testing
with circuit breakers (either inverse-time or instantaneous trip types) or Type E
combination motor controllers.

5.2.3.6.2DV.4.1.5 Even though the operation of SOLID STATE SHORT CIRCUIT PROTECTION
circuitry may serve as the ultimate result to discontinue the short circuit test (see 5.2.3.6.5),
the presence of this circuitry shall not replace the requirement for the fuses, breakers or

Type E combin

5.2.3.6.2DV.4.1/6 Non-semiconductor fuse types are able to be rated any Class that is
evaluated for branch circuit protection and shall have a voltage rating at least equal to the
input voltage rating of the drive. These fuses shall have a current rating that is one of the
following standard values -1, 3, 6, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100;110,
125, 150, 175, 400, 225, 250, 300, 350, 400, 450, 500, 600, 601, 700, 800, 1 000, 1 200;1 600,
2000, 2 500, 3 000, 4 000, 5 000 or 6 000 A — and shall comply with one of the following:

a) For drives with rated full-load output motor currents of 600 A or.less, the current
rating of the fuses shall be four times the maximum full-load motor output current
rating;

b) For drives with rated full-load motor output currents.6f more than 600 A, the
current rating of the fuses shall be three times the maximum full-load motor output
current rating;

c) For a drive of any full-load motor output current rating, the current rating of the
fuse is gble to be less than that specified in (a) or (b) above when the drive is marked
in accordance with 6.3.7DV.1.1.

When the cal¢ulated value of the fuse. is “between two standard ratings, the nearest
standard rating less than the calculated value shall apply.

5.2.3.6.2DV.4.1)7 Semiconductor fuse'types shall have a voltage rating at least equal to the
input voltage rating of the drive'and are able to have any current rating. Drives using
semiconductor fuse types shall be marked in accordance with 6.3.7DV.1.1.

5.2.3.6.2DV.4.1.8 Inversé-time circuit breakers shall have a voltage rating at least equal to
the voltage rat;g of the’drive. These breakers shall have a current rating that is one of the

following standard values - 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 110, 125, 150,
175, 200, 225, 250,300, 350, 400, 450, 500, 600, 700, 800, 1 000, 1 200, 1 600, 2 000, 2 500,

3000,4 000, 5000 or 6 000 A — and that complies with one of the following:

a) For drives with rated full-load motor output currents of 100 A or less, the current
rating of the breaker shall be four times the maximum full-load motor output current
rating; or

b) For drives with rated full-load motor output currents of more than 100 A, the
current rating of the breaker shall be three times the maximum full-load motor
output current rating; or

c) For drives of any full-load motor output current rating, the current rating of the
breaker is not prohibited from being less than that specified in (a) or (b) above when
the drive is marked in accordance with 6.3.7DV.1.1.
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When the calculated value of the circuit breaker is between two standard ratings, the
nearest standard rating less than the calculated value shall apply. When the calculated
value of the breaker is less than 15 A, a breaker rated 15 A shall be used.

5.2.3.6.2DV.4.1.9 Instantaneous trip type circuit breakers shall have a voltage rating at least
equal to the input voltage rating of the drive, and are able to have any current rating, when
the drive is marked in accordance with 6.3.7DV.1.1.

5.2.3.6.2DV.4.1.10 A drive utilizing non-semiconductor type fuses or inverse-time type
circuit breakers sized, in accordance W|th 5.2. 3 6.2DV.4.1. 6(a) 5. 2 3. 6 2DVv.4.1. 6(b)

model numbe or ratlng of the fuse or breaker.

5.2.3.6.2DV.4.1.11 Type E combination motor controllers are rated in volts and horsepower.
To determine the current rating of the Type E combination motor controller, refer to Table
DVE.1 and rea the full load current rating at the intersection of the appropriate voltage and
phase columng and the applicable horsepower row. If the overload setting of the Type E
combination motor controller is adjustable, the full load current rating of the Type E
combination motor controller is defined as the maximum current setting to'which the
controller may be adjusted.

5.2.3.6.2DV.4.1.12 The full load current rating of the Type E combination motor controller
shall not be le$s than the rated input current of the drive controller.

5.2.3.6.2DV.4.1.13 When conducting the short circuit tests with a Type E combination motor
controller, the tests are to be conducted with the controller at its maximum settings.

5.2.3.6.2DV.4.1.14 The short circuit interrupting rating of the fuse, the inverse-time circuit
breaker or the|Type E combination motor contraller shall not be less than the short circuit
rating of the drive controller.

5.2.3.6.2DV.4.1.15 It is not required to monitor the voltages of accessible SELV and PELV
cIrcuITs if the PDs complies with the ac or dc voltage requirements in accordance with

5.2.3.2 at the conclusion of the test.
5.2.3.6.2DV.5 D2 Modification to add the following:

5.2.3.6.2DV.5.1 Input/output wiring connection

5.2.3.6.2DV.5.1.1\.Each drive is to be tested with 4 ft (1,2 m) of wire, or less, attached to each
input and output terminal. The input/output test wiring is not prohibited from exceeding 4 ft
(1,2 m) in length when the wiring is in the test circuit during its calibration.

5.2.3.6.2DV.5.1.2 The wire size of the input and output wiring shall be in accordance with
Table 4.3.8.8.2DV.1 with the required ampacity of the wiring being based on the marked
wire temperature rating (either 60 °C or 75 °C) and each of the following:

a) The main input power wiring shall be sized for 125 percent of the rated fullload
output motor current;

b) All other input wiring shall be sized for 100 percent of the maximum intended full-
load current;
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c) The main output power wiring shall be sized for 125 percent of the rated fullload
current or shall be sized for 125 percent of the full-load output motor current
specified in Table DVE.1 or Table DVE.2, based on the rated horsepower rating; and

d) All other output wiring shall be sized for 100 percent of the maximum intended

full-load

5.2.3.6.2DV.5.1.

current.

3 The type of wire insulation shall be T or TW for 60 °C wiring and shall be

THW or THWN for 75 °C wiring.

5.2.3.6.2DV.5.1
connections s
made with bus
are to be in the

5.2.3.6.2DV.5.1
mm) lengths of

all be in accordance with 5.2.3.6.2DV.5.1.1 — 5.2.3.6.2DV.5.1.3, or may be

bars equivalent in cross-sectional area to the required wiring. The bus bars
test circuit during its calibration.

5 Input and output wiring may then be routed through 10 — 12 in (250 ~305
conduit installed on the enclosure. If conduit is not used then thé wire shall

be routed throyigh a bushing appropriate for the size of the conductors.

5.2.3.6.2DV.5.1
bus bars are to

5.2.3.6.2.1 Supply volt

PDS rated for d.c. input
rated input frequency.

The open-circuit voltage
voltage may exceed 105

For the Short-circuit te
CIRCUIT CURRENT (see 4

lesser value may be use

For the Breakdown of @
CIRCUIT CURRENT of bet

required.

5.2.3.6.2.1DVA1

6 The ends of the conduit, the bushing opening, or the openings around the
be plugged with surgical cotton.

age and current

shall be tested using a d.c. source. PDS rated for a.c input shall be tested at their

of the supply shall be 100 % — 105:%’ of the rated input voltage. The open-circuit
% of the rated input voltage at the request of the manufacturer.

5t, the supply shall be capable of delivering the specified PROSPECTIVE SHORT-
.3.9) at the connection(to*the PDSs, unless circuit analysis demonstrates that a

d.

omponents test; the supply shall be capable of delivering a PROSPECTIVE SHORT-
veen 1 kA and-5 kA, unless the analysis of 4.2 shows that a different value is

D2 Modification to add the following — Test circuit voltage:

5.2.3.6.2.1DVA1

L5 Horat . sttt F56-60-H |

tested using a sinusoidal current source at a frequency in the range of 48-62 Hz.

5.2.3.6.2.1DV.2

D2 Modification to add the following — prospective short-circuit current:

5.2.3.6.2.1DV.2.1 The Breakdown of Components and Short-circuit tests shall be conducted
at the Standard Fault Current test values in accordance with Table 5.2.3.6.2.1DV.1. When
assigned a short-circuit rating higher than the Standard fault current test value, the drive
must also comply with 5.2.3.6.2.1DV.2.2 and 5.2.3.6.2.1DV.2.4. The circuit capability for all
of the tests shall be verified in accordance with the Calibration of Short Circuit Test Circuit,
5.2.3.6.2.1DV.3.
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Table 5.2.3.6.2.1DV.1

Standard Fault Current Test Values for Devices Rated 600 V or Less

Ratings Test current
hp* (kW) A
0-50 (0-37,3) 5000
51-200 (39 -149) 10 000
201 - 400 (150 - 298) 18 000
401 - 600 (299 - 447) 30000
601="900 {448—674) 42000
901+ 1 600 (672-1193) 85000
1 601jor more (1194 or more) 100 000
2 For drives rated only in current and not in horsepower or kilowatts, the equivalent horsepower rating shallbe
determined from| Table DVE.1 or Table DVE.2 as appropriate.

5.2.3.6.2.1DV.2.2 Other than as noted in 5.2.3.6.2.1DV.2.3, a drive series with aniassigned
short circuit rgting higher than the standard fault current test value shown inyTable

5.2.3.6.2.1DV.1 shall comply with the short-circuit test requirements of this.clause for the
Standard Fault Currents and the Short Circuit Test — High Fault Currents; 5.2.3.6.2.1DV.5.

5.2.3.6.2.1DV.2.3 A drive series is in compliance with the Short Circuit Test — High Fault
Currents, 5.2.3.6.2.1DV.5, without additional testing when:

a) The drive series uses SOLID STATE SHORT CIRCUIT PROTECTION circuitry for
complignce with the standard fault current short'circuit test; and

b) The §OLID STATE SHORT CIRCUIT PROTECTION-Gircuitry is used in accordance with

5.2.3.6.2.1DV.2.4 A drive series with an assignhed short circuit rating higher than the
standard fault|current test value shown:in'Table 5.2.3.6.2.1DV.1 shall comply with the
breakdown of components test requirements of this clause at the Standard Fault Current
and the Breakglown of Components Test — High Fault Currents, 5.2.3.6.2.1DV.5.

5.2.3.6.2.1DV.2.5 Where circuitianalysis demonstrates that the available short-circuit
energy (based|on the marked short-circuit rating) has no greater impact on the results of
the breakdown of components testing than a lower available short-circuit energy, the
breakdown of components test may be conducted at the lower energy level. The circuit
analysis shall

* Bursti
« Identification of fault current path in the equipment;
* Possibility and extent of cascading failures;

* Nature of failure with respect to physical location (e.g. proximity to other critical
components, barriers, clearances, creepage distances, vent openings);

« Identification of all energy sources (mains, capacitors, batteries, motor, etc.) in the
circuit;

* For main supply, consider power circuit configuration and grounding (wye, delta,
IT, etc.);
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* Enclosure (size, material, structure, openings, etc.);

* Types and ratings of OCPD specified to be used with the Pbs/com/BDM;

* Specified linearity of current limiting components (external & internal) with respect
to available fault current;

« Effect of multiple ratings of the PDS (relationship of power rating and voltage);

* Variation in components within family of drives;

* Maximum variation of mains impedance frequency voltage with respect to

specifiefl/published product applications (use of transformer, etc.);

* Testing
5.2.3.6.2.1DV.2
5.2.3.6.2.1DV.2

tested by conn
system with re

may be necessary to validate portions of the circuit analysis.
6 BDM/CDM/PDS supplied by photovoltaic (PV) modules

6.1 A BDM/cDM/PDS which receives power from PV modules or panels shall be
cting the equipment to a power source that is representative’of a PV power
jard to maximum power voltage and current levels.

5.2.3.6.2.1DV.2

6.2 Tests involving an input for connection to a PV _source shall use a

source which gomplies with one of the following:

a) When|the BDM/CDM/PDS requires the use of a source having specific V/I

charact
shall be
with V/i

b) If the
the prod

ristics (such as PV modules provided with integrated electronics), the test
conducted with the source intended for.use with the input, or with a source
characteristics as close as practicable to the intended source.

BDM/CDM/PDS is required to be used-with PV modules which are provided with
uct, or is marked only for use with specific models of PV modules where the

VIl characteristic curves are known,the test source shall be a PV simulator which
can proyide:

1

-

2

c) If the
NEC cl.

A minimum open circuit voltage greater than or equal to the PV module

ated operating voltage multiplied by 1.5.

A minimum available short circuit current greater than or equal to the PV

module nameplate short circuit current (lg.) multiplied by 1.5.

BDM/CDM/PDS is rated for general use with PV modules which comply with
6590:8 and 690.9, the test source shall be a PV input source (PV array or PV

simulatgr)which can provide:

1

) A minimum open circuit voltage greater than or equal to the products’

rated input operating voltage multiplied by 1.25.

2

) A minimum available short circuit current greater than or equal to the

products' rated input short circuit current multiplied by 1.25.

5.2.3.6.2.1DV.2

.6.3 If an input is rated for use with multiple source types, the source with

the most severe characteristic shall be used to characterize the test source.

5.2.3.6.2.1DV.2

.6.4 During testing using a PV simulator, V., l;., and the other controllable

quantities such as Irradiance, Vmp, Imp and FF (fill factor) shall be set at levels which
cause the product to operate at a V/l input level which provides the required voltage and
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current for the test being conducted, however V,. and I, shall be set no higher than the
products' maximum rated open circuit voltage and short circuit respectively.

5.2.3.6.2.1DV.2.6.5 During the temperature rise test, the PV source shall be set to operate at
the operating point which creates the highest PV output voltage and the operating point
which creates the highest DC current prior to a protective device or circuit operating. The
recorded temperatures shall be the highest of those between the highest voltage and
highest current operating points.

5.2.3.6.2.1DV.2.6.6 If the equipment is designed to utilize multiple types of sources which
can be conne j - j

simultaneously shall be utilized during the test, and a test source shall be provided in
accordance with the above description if a PV type, or with 5.2.3.6.2.1DV.2.1 or
5.2.3.6.2.1DV.2.2 as appropriate.

5.2.3.6.2.1 DV%.G.? The circuit capability for all of the tests shall be verified in accordance
with the Calibration of Short Circuit Test Circuit, 5.2.3.6.2.1DV.3. The equipment'shall be
marked in accprdance with 6.3.6.8DV.2.

5.2.3.6.2.1DV.3 D2 Modification to add the following — Calibration of short circuit test
circuits 10 009 A or less:

5.2.3.6.2.1DV.3.1 For an AC circuit intended to deliver 10 000-A'or less, the current is to be
determined injaccordance with one of the following:

a) For a|3-phase test circuit, the current is to be.determined by averaging the rms
values of the first complete cycle of current in each of the three phases;

b) For d single phase test circuit, the current is to be the rms value of the first
complete cycle (see Figure 5.2.3.6.2.1DV.1) when the circuit is closed to produce
symmetrical current waveform. The'direct current component is not to be added to
the valye obtained when measured as illustrated. In order to obtain the required
symmetrical waveform of a single phase circuit, controlled closing is most often
used although random clesing methods are not prohibited from being used; or

c) For glsingle or 3 phase test circuit, an analytical evaluation that suitably
demongtrates the available current is able to be used.
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Figure 5.2.3.6.2.1DV.1

Determination of current for circuits of 10 000 A and less

VOLTAGE

CURRENT

TIMING

S0740A

5.2.3.6.2.1DV.4
circuits more t

5.2.3.6.2.1DV.4
be determined

a) In acd

~—INITIATION OF{FAULT

D2 Modification to add the following= Calibration of short circuit test
han 10 000 A:

1 For an AC circuit intended to deliver more than 10 000 A, the current is to
in accordance with one ofthe following:

ordance with the requirements in 5.2.3.6.2.1DV.4.2 - 5.2.3.6.2.1DV.4.6.

Instrumentation used to measure these test circuits of more than 10 000 A is to

comply

with the requirements in 5.2.3.6.2.1DV.4.7 — 5.2.3.6.2.1DV.4.17; or

b) For asringle or 3'phase test circuit, an analytical evaluation that suitably

demon

5.2.3.6.2.1DV.4

rates the‘available current is able to be used.

2 The rms symmetrical current is to be determined, with the supply

terminals short

-Circuited by measuring the alternating-current component ofthe waveat

an instant 1/2 cycle — on the basis of the test frequency timing wave — after the initiation of
the short circuit. The current is to be calculated in accordance with Figure 7 in the
Standard Test Procedure for AC High-Voltage Circuit Breakers Rated on a Symmetrical

Current Basis,

ANSI/IEEE C37.09-1989.

5.2.3.6.2.1DV.4.3 For a 3-phase test circuit, the rms symmetrical current is to be the average

of the currents

in the three phases. The rms symmetrical current in any one phase is not to

be less than 90 percent of the required test current.

5.2.3.6.2.1DV4

.4 The test circuit and its transients are to be such that:
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a) 3 cycles after initiation of the short circuit, the symmetrical alternating component
of current is not less than 90 percent of the symmetrical alternating component of
current at the end of the first 1/2 cycle; or

b) The symmetrical alternating component of current at the time at which the
overcurrent protective device interrupts the test circuit is at least 100 percent of the
rating for which the controller is being tested. In 3-phase circuits, the symmetrical
alternating component of current of all three phases is to be averaged.

5.2.3.6.2.1DV.4.5 The recovery voltage is to be at least equal to the RATED VOLTAGE of the
controller. The peak value of the recovery voltage within the first complete half cycle after
clearing and for the next five successive peaks is to be at least equal to 1,414 times the rms
value of the RATED VOLTAGE of the controller. Each of the peaks is not to be displaced by
more than *10|electrical degrees from the peak values of the open-circuit recovery voltage
—that is, the d{splacement of the peak from its normal position on a sinusoidal wave. The
average of the|instantaneous values of recovery voltage each of the first six, half cycles
measured at the 45 degree and 135 degree points on the wave is to be not less than 85
percent of the rms value of the RATED VOLTAGE of the controller. The instantaneous value of
e measured at the 45 degree and 135 degree points of each©f the first six,
no case to be less than 75 percent of the rms value of the RATED VOLTAGE of

the controller.

5.2.3.6.2.1DV.4.6 When there is no attenuation or phase displacemeént of the first full cycle
of the recovery voltage wave when compared with the open-circuit secondary voltage wave
before current|flow in a circuit that employs secondary closing, the detailed measurement
of recovery volltage characteristics as indicated in 5.2.3.6:2.1DV.4.5 is not required.

5.2.3.6.2.1DV.4.7 The galvanometers in a magnetic oscillograph employed for recording
voltage and cyrrent during circuit calibration and-while testing are to be of a type having a
flat (¥5 percent) frequency response from 50 — 1,200 Hz. For fast acting fuses, current
limiters, or mator-short-circuit protectors, a. galvanometer is often required to have a flat
frequency response from 50 —9 000 Hz or.an oscilloscope is required to be used to obtain
accurate valugs of peak current, (lI;), and.energy let-through, (12¢).

5.2.3.6.2.1DV.4.8 Galvanometers. are to be calibrated as described in 5.2.3.6.2.1DV.4.9 —
5.2.3.6.2.1DV.4.12.

5.2.3.6.2.1DV.4.9 When a shunt is used to determine the circuit characteristics, a direct-
current calibrgting voltage is normally used. The voltage applied to the oscillograph
galvanometer gircuitis’to result in a deflection of the galvanometer equivalent to that
which is expe¢ted.when the same galvanometer circuit is connected to the shunt and the
nominal shorticircuit current is flowing. The voltage is to be applied so as to result in the
galvanometer deflecting in both directions. Additional calibrations are to be made using 50
percent and 150 percent of the voltage used to obtain the deflection indicated above,
except that when the anticipated maximum deflection is less than 150 percent, such as a
symmetrically closed single-phase circuit, any other usable calibration point is to be
chosen. The sensitivity of the galvanometer circuit in volts per inch (or millimeter) is to be
determined from the deflection measured in each case, and the results of the six trials
averaged. The peak amperes per inch (or millimeter) is obtained by dividing the sensitivity
by the resistance of the shunt. This multiplying factor is to be used for the determination of
the rms current as described in 5.2.3.6.2.1DV.4.2.

5.2.3.6.2.1DV.4.10 A 60 Hz sine-wave potential is able to be used for calibrating the
galvanometer circuit, using the same general method described in 5.2.3.6.2.1DV.4.9. The
resulting factor is to be multiplied by 1,414.
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5.2.3.6.2.1DV.4.11 When a current transformer is used to determine the circuit
characteristics, an alternating current is to be used to calibrate the galvanometer circuit.
The value of current applied to the galvanometer circuit is to result in a deflection of the
galvanometer equivalent to that which is expected when the same galvanometer is
connected to the secondary of the current transformer and nominal short circuit current is
flowing in the primary. Additional calibrations are to be made at 50 percent and 150 percent
of the current used to obtain the deflection indicated above except that when the
anticipated maximum deflection is less than 150 percent, such as in a symmetrically closed
single-phase circuit, any other usable calibration point is to be chosen. The sensitivity of
the galvanometer circuit in rms amperes per inch (or millimeter) is to be determined in each
case and the results averaged. The average sensitivity is to be multiplied by the current-
transformer rafio and by 1,414 to obtain peak amperes per inch. This constant is to be used
for the determipation of the rms current as described in 5.2.3.6.2.1DV.4.2.

5.2.3.6.2.1DV.4)12 All the galvanometer elements employed are to line-up properly in the
oscillograph, dr the displacement differences are to be noted and used as required.

5.2.3.6.2.1DV.4)13 The sensitivity of the galvanometers and the recording speed.-are to be
such that the vplues of voltage, current, and power factor are accurately determined. The
recording spedd is to be at least 60 in (1,5 m) per second.

5.2.3.6.2.1DV.4)14 With the test circuit adjusted to provide the spegified values of voltage
and current anf with a noninductive (coaxial) shunt that has been\found to provide the
intended functjon for use as a reference connected into the circuit, the tests described in
5.2.3.6.2.1DV.4{15 and 5.2.3.6.2.1DV.4.16 are to be conductedto verify the accuracy of the
manufacturer’s instrumentation.

5.2.3.6.2.1DV.4{15 With the secondary open-circuited, the transformer is to be energized
and the voltage at the test terminals observed to.see when rectification is occurring
making the cir¢uit unusable for test purposes because the voltage and current are not
sinusoidal. Sixirandom closings are to be made to demonstrate that residual flux in the
transformer core does not result in rectification. When testing is done by closing the
secondary circlit, this check is able to-be omitted when testing is not commenced before
the transformef has been energized for2 s, or longer and when an investigation of the test
equipment shows that a longer time is required.

5.2.3.6.2.1DV.4)16 With the test'terminals connected together by means of a copper bar, a
single-phase cjrcuit is to-be'closed as nearly as possible at the moment that produces a
current wave with maximum offset. The short circuit current and voltage are to be
recorded. The primary.voltage is to be recorded when primary closing is used. The current
measured by the reference shunt is to be within 5 percent of that measured using the
manufacturer’s i i i iation i
relationship between the traces of the same current. Controlled closing is not required for
polyphase circuits.

5.2.3.6.2.1DV.4.17 When the verification of the accuracy of the manufacturer’s
instrumentation is completed, the reference coaxial shunt is to be removed from the
circuit. The reference coaxial shunt is not to be used during the final calibration of the test
circuit nor during the testing of controllers.
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5.2.3.6.2.1DV.5 D2 Modification to add the following — Short circuit test and breakdown of
components test— high fault currents

5.2.3.6.2.1DV.5.1 When any models within a drive series are intended to be rated with high
fault current values in excess of the standard current values required by Table
5.2.3.6.2.1DV.1, then they shall comply with both (a) and (b) below, or shall comply with
5.2.3.6.2.1DV.5.2 - 5.2.3.6.2.1DV.5.10.

a) The drive series uses SOLID STATE SHORT CIRCUIT PROTECTION circuitry for
compliance with the Short Circuit Test, 5.2.3.6.3; and

b) The $OLID STATE SHORT CIRCUIT PROTECTION circuitry is used in accordance with
5.2.3.6.1DV.2.

5.2.3.6.2.1DV.5.2 One representative model from those intended to be rated with high fault
current values| shall be used for testing. This representative model shall be subjected to
only one high fault current short circuit test.

5.2.3.6.2.1DV.4.3 The criteria for samples to test for a drive series that uses(fuses for
compliance with this test is based on comparing the fuse ratings to the Silicon Controlled
Rectifier (SCR) or transistor output device ratings for each model within-the series (specific
ratings to evaluate are the It and I, values).

5.2.3.6.2.1DV.5.4 The high fault current values for which a drive’'is’able to be tested are not
required to be|one of the same values detailed in Table 5.2.3.6.2.1DV.1.

5.2.3.6.2.1DV.4.5 The requirements for conducting thehigh fault current short circuit test
shall be in accordance with 5.2.3.6.2 except for the following differences:

a) For drives rated over 10 000 A, the branch circuit short circuit protection fuses
shall bqg limited to high-interrupting capacity, current limiting types such as Class
CC,CF,|G, J,L,R, T, etc.

b) For crives rated 50 hp (37 kW) or less and tested at 10 000 A, the branch circuit
short circuit protection fuses are able to be Class H or K.

c) A driye that is intended'to be used with Class RK1 or RKS5 fuses shall be tested
with fuges having I’t.and I, characteristics for Class RKS5 fuses. All references to
Class Iifuses arejintended to mean fuses with energy let-through (I%t)
characteristics of*Class RK5 fuses.

d) For Honcombination controllers, the circuit breaker to be used is to be from

commetkcially available units of the molded-case type having the same

characteristics with respect to opening time and without current-limiting features.

e) For circuit breakers with current limiters provided as part of the controller, the
current limiter shall have a peak let-through current and a clearing I?t not less than
the maximum value established for the current limiter intended to be used with the
controller being tested, when tested on a single-phase circuit.

f) AClass CC, CF, G, J, L, R, or T fuse, or motor short-circuit protector shall have a
peak let-through current and clearing It not less than the maximum value
established for the fuse (see the UL 248 series of standards for fuses), or motor
short-circuit protector rating that is intended to be used with the controller being
tested, when tested on a single-phase circuit. For a fuse with I, and 1%t limits
established for several different short-circuit current levels, the test fuse is to have
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at least the maximum values of the current corresponding to the marked short-
circuit-withstand current of the controller.

g) A test limiter is not prohibited from being used in place of the fuses specified in
(a), (b), (c), and (f) above.

5.2.3.6.2.1DV.5.6 To obtain the required values specified in 5.2.3.6.2.1DV.5.5 (f) and (g), a
fuse, current limiter, or motor short-circuit protector larger than that specified for use with
the device being tested is able to be used; or a commercially available test fuse designed
and calibrated to exhibit I’t and I, characteristics at least equal to the maximum limits for
the fuse, current limiter, or motor short-circuit protector rating. The let-through

characteristics|are to be determined in accordance with 5.2.3.6.2.1DV.4.9 —
5.2.3.6.2.1DV.4/12.

5.2.3.6.2.1DV.5{7 Fuses, current limiters, or motor short-circuit protectors used for tests are
to be from a batch from which two samples have been tested. The value of the |, and It
determined for|the two samples is to be equal to or greater than the required values. These
determinationg are to be made in accordance with 5.2.3.6.2.1DV.5.8 — 5.2.3.6.2.1DV.5.10.

5.2.3.6.2.1DV.5/8 Figure 5.2.3.6.2.1DV.2 is typical of oscillograms obtained-during the test of
a fuse, current [limiter, or motor short-circuit protectors on an alternating=current circuit;
and representq a circuit that opened before the current reached its first major peak. The
peak let-through current | is to be determined as illustrated.

Figure 5.2.3.6.2.1DV.2
Peak Let-Through Current
1 1/

START TO |+
ARC—

,":V PEAK LET—THROUGH CURRENT
\
A}

CURRENT

@ - INIATION OF CURRENT
— INITIATION OF ARC
© - FINAL CLEARING

SB0660
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5.2.3.6.2.1DV.5.9 The let-through energy (I?t) is to be determined from an oscillogram
showing a current trace during the interruption of the circuit by the fuse, current limiter, or
motor short-circuit protectors. The determination is to be made by the application of
Simpson’s rule illustrated in Figure 5.2.3.6.2.1DV.3 or the use of an integrating planimeter.

Figure 5.2.3.6.2.1DV.3

Application of Simpson's Rule to Fuse Current Oscillogram to Obtain Let-Through 1%t

SB0662

5.2.3.6.2.1DV.5.10 The time base.in degrees-per-inch (degrees/cm) is to be determined by
averaging the distance, between zero-line crossover points of the voltage wave or a timing
wave, in whiclh) the fuse-current race is most nearly centered.

5.2.3.6.3 Short-circuit test

5.2.3.6.3.1 Load conditions

The short circuit test shall be performed with the cbm/BDM at full load or light load whichever creates the
more severe condition.

5.2.3.6.3.1DV D2 Modification to add the following:

As an alternate to providing a full load or light load, a remote circuit may be connected to
each drive such that the output devices are actuated independent of any loading.

5.2.3.6.3.2 Short-circuit between phase terminals of power outputs
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Power outputs shall be provided with conductors of a cross-section and material appropriate to the rated
current available at the power output. The length of the loop (forth and back) shall be approximately 2 m,
unless the size of the PDS requires a greater length, in which case the length shall be as short as practical
to perform the test.

All phase terminals of each power output tested shall be simultaneously connected together, using an
appropriate switching device.

NOTE Terminals connected to the d.c. link are, for the tests of 5.2.3.6.3.2 and 5.2.3.6.3.3, treated as phases.

5.2.3.6.3.3 Short-circuj

protective earth short-ci

It is permitted to operatg only one test per output if a symmetry per phase can be demonstrated-and if the
selected phase to be tegted represents the most severe case.
See Figure 11, Figure 12, and Figure 13 for examples.
Froimimimimimimmm s s =1
g - o
~ OCPD :E £ § ( Motor
& o £
o ; \
'_BD_M ______ L?_ ................... : Fault loop
TN system PE
Key
OCPD Over current protectije device
Figure 11
Example of short-cirncuit test between coM/BDM motor power output and protective earth (motor
separately earthed)
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Figure 12

Example of short-cifcuit test between coM/BDM motor power output and protective earth (motor
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earthed through com/BDM)
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Figure 13

Example of short-circuit testbetween com/BDM d.c. link power output and protective earth

5.2.3.6.3.3DV D2 Modification:

When OCPD is intended to be field installed in the BDM/CDM/PDS output (for example as in
Figure 13), the OCPD shall only be included in the fault loop if the OCPD is integral to
enclosed BDM/CDM/PDS or if the BDM/CDM is open type and the installation instructions shall
specify that the protective device be included in the same end use enclosure as the

BDM/CDM. See 6.3.7DV.1.1.

5.2.3.6.4 Breakdown of components test

5.2.3.6.4.1 Load conditions
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The breakdown of a component, identified as a result of the circuit analysis of 4.2, shall be tested with the
cbM/BDM at full load or light load whichever creates the more severe condition.

5.2.3.6.4.2 Application

of short-circuit or open-circuit

The short circuit or open circuit shall be applied with cable of a cross-section of minimum 2,5 mm? and an
appropriate switching device. The length of the loop shall be as short as practical to perform the test.

Each identified component shall be subjected to only one Breakdown of components test.

5.2.3.6.5 Test sequen,
The PDSs shall be powere
* For the Short-circuit te

¢ For the Breakdown of
whichever creates the wj

For the short-circuit tes
operated until one or mg

a) the operation of ELEC]
b) the opening of a short
c) a steady state tempen

For the short-circuit test
results are obtained:

i) an ELECTRONIC POWER
value that ensures the V
or120V d.c.orless. T
IEC 60364-4-41:2005/A

ce

d, with its output(s) operating.
t, a short-circuit shall be introduced at the output under test.

components test, identified components shall be short-circuited or open-circuited,
prse hazard, one at a time.

of 5.2.3.6.3.2 and breakdown of components test of 5.2:3.64, the PDS shall be
re of the following ultimate results are obtained:

RONIC POWER OUTPUT SHORT-CIRCUIT PROTECTION G[RCUITRY;
-circuit protection device, or
ature is attained after a minimum of 10 min.

of 5.2.3.6.3.3, the PDs shall be operated until one or more of the following ultimate

OUTPUT SHORT-CIRCUIT PROTECTION CIRCUITRY that reduces the fault current to a
oltage with respect to earth at the output phase under test is reduced to 50 V a.c.
ne voltage reduction-shall be accomplished within 40 ms or in a time as given in
MD1:—, 411.3.2:2,,411.3.2.3 or 411.3.2.4, as applicable; or

ii) a disconnection is ac

ieved by@.short circuit protective device specified by the manufacturer within the

time specified in IEC 60364-4-44:2005/AMD1:—, 411.3.2.

For pass criteria, also refer 10'5.2.3.6.6.

5.2.3.6.5DV D2

5.2.3.6.5DV.1 If

Modification:

the test is terminated by the operation of a SOLID STATE SHORT CIRCUIT

PROTECTION circuitry this circuitry shall be subjected to the requirements in 5.2.9. If the
SOLID STATE SHORT CIRCUIT PROTECTION circuitry is not subjected the requirements in 5.2.9,

that circuitry shall be defeated prior to the test.

5.2.3.6.5DV.2 If
device shall:

the test is terminated by the opening of a short circuit protection device this

a) Be a fuse that complies with the UL 248 series of standards for fuses;
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b) Be a circuit breaker that complies with the Standard for Molded-Case Circuit
Breakers, Molded-Case Switches, and Circuit-Breaker Enclosures, UL 489; or

c) Be a self-protected combination motor controller that complies with the Standard
for Low-Voltage Switchgear and Controlgear — Part 4-1: Contactors and Motor-

Starters — Electromechanical Contactors and Motor-Starters, UL 60947-4-1.

An open circuit failure of a semiconductor device is permitted for the termination of the

test.

5.2.3.6.5DV.3

" e

compliance with this section.

5.2.3.6.5DV.4 F

or the short-circuit test of 5.2.3.6.3.3, the PDS shall be operated until one or

more of the following ultimate results are obtained:

a) The g

b) The ¢

peration of electronic power output short-circuit protection circuitry;

bpening of a short-circuit protection device, or

c) A steady state temperature is attained after a minimum of 10 min:

5.2.3.6.6 Pass criteri

As a result of the Short
with the following:

» there shall be no emis
* the surgical cotton ind
» the earth connection s
» the door or cover shall

* during and after the t
time dependent voltage]

* during and after the te

Lcircuit test and the Breakdown of components.test, the PDS/cDM/BDM shall comply

5ion of flame or molten metal;
cator shall not have ignited;
hall not have opened;

not have blown opén;

est, accessijble SELV and PELV CIRCUITS shall not exhibit voltages greater than the
5 of Figure X7,

st, LIVE PARTS at voltages greater than DECISIVE VOLTAGE CLASS A shall not become

accessible.

The PDS/CDM/BDM is not required to be operational after testing and it is possible that the enclosure can

become deformed.

5.2.3.6.6DV.2 D2 Modification:

It is not required to monitor the voltages of accessible SELV and PELV CIRcUITS if the PDS
complies with the ac or dc voltage requirements in accordance with 5.2.3.2 at the
conclusion of the test.
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5.2.3.7 Capacitor discharge (TYPE TEST)

Verification of the capacitor discharge time as required by 4.3.11 may be done by a TYPE TEST and/or by

calculation.

5.2.3.7DV D2 Modification:

Verification shall only be done by TYPE TEST. The drive shall be connected to a supply at the
maximum RATED VOLTAGE until the capacitors under evaluation are fully charged. There
shall be no load connected and the drive shall be in the stopped condition. The voltage

across the ca
Timing shall s
have an input
value shall be

art upon removal of the supply power. The voltage monitoring device shall
mpedance of no less than 1 MQ. Time to discharge to the specified voltage
sed to determine whether marking in accordance with 6.5.2 is required.

5.2.3.8 Temperature tlise test (TYPE TEST)

The testis intended to e

hsure that parts and accessible surfaces of the PDS do not exceed the temperature

limits specified in 4.4 and that the manufacturer’s temperature limits of safety;relevant parts are not

exceeded.

Where possible, the PD
current. For INTEGRATED
test shall be conducte
specification.

If this is not possible, it i
demonstrated by tests a

The pPDs shall be tested

smallest size intended t
there is only provision

intended to be connectq
length.

The test shall be maintd
readings, taken at inter

S shall be tested at worst-case conditions of rated\power and cbDM/BDM output
PDS where the motor speed might affect the thetmal condition in the cbm/BDM the
d at worst case operating speed and load>according to the manufacturer’s

5 permitted to simulate the temperaturerise, if the validity of the simulation can be

I lower power levels.

vith at least 1,2 m of wire attached to each USER TERMINAL. The wire shall be of the
b be connected to the PDs \as specified by the manufacturer for installation. When
for the connection of .bus bars to the PDS, they shall be of the minimum size
d to the PDs as specified by the manufacturer, and they shall be at least 1,2 m in

ined until thermal stabilization has been reached. That is, when three successive
als of 10.percent of the previously elapsed duration of the test and not less than

10 minute intervals, ing
successive readings, wi

icate_no-“change in temperature, defined as + 1 °C between any of the three
h respect to the ambient temperature.

The maximum temperat

ure of electrical insulation (other than that of windings), the failure of which could

cause a hazard, is measured on the surface of the insulation at a point close to the heat source.

The maximum temperature attained shall be corrected to the rated ambient temperature of the PDs by
adding the difference between the ambient temperature during the test and the maximum rated ambient

temperature.

No corrected temperature shall exceed the rated temperature of the material or component measured.

During the test, thermal cutout, overload detection functions and devices shall not operate.
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5.2.3.8DV.1 D2 Modification to add the following:

5.2.3.8DV.1.1 At the completion of the temperature test, the sample shall comply with the
requirements of the a.c. or d.c. voltage test of 5.2.3.2.

5.2.3.8DV.1.2 Temperatures are to be measured with all parts operating simultaneously as
under normal conditions, as the heating of one part is able to affect the heating of another
part.

5.2.3.8DV.2 D2[Modification:

5.2.3.8DV.2.1 Qpen and enclosed type equipment shall be tested with an assumed
minimum envifonmental ambient of 40 °C (104 °F) unless the equipment is marked for/a
higher or lower end use ambient. When the equipment is tested in an ambient otherithan
the end use temperature rating, the maximum measured temperatures shall be linearly
extrapolated for the intended end use ambient (for example, in a 25 °C ambient}-15 °C
would be adddd to each temperature measurement where the maximum intended end use
ambient is 40 {C). To determine the ambient, several temperature sensors are to be placed
at different po|nts around the equipment at a distance of 3 to 6 ft (0,9 {o.1)8 m). The
temperature sensors are to be located in the path of the cooling air of the equipment, and
are to be protected from drafts and abnormal heat radiation. The AMBIENT TEMPERATURE is to

be the mean o
final quarter o

temperature t
thermal stabili

5.2.3.8DV.2.2 '!{) determine whether power conversion equipment complies with the

a) Forc

b) For i

F the readings of the temperatures taken at equaliintervals of time during the
the duration of the test.

st requirements, it is to be operated atithe voltage specified in 5.2DV.1 until
ation occurs under normal conditions as follows:

ontinuous operation, according to the continuous ratings;

ermittent operation, according to the rated duty cycle; or

[It
c) For short-time operation, for-the rated operating time.

5.2.3.8DV.2.3 T

he rated current for equipment rated only in horsepower and not in current

is to be as sp

ified in Table'DVE.1 and Table DVE.2. When the equipment is rated in

current and hgrsepower,and the current rating is not the same as specified in Table DVE.1
and Table DVH.2 for the tated horsepower, the load current shall be the greater of the two
current values|. No protective devices or circuitry shall trip during the test.

5.2.3.8Dv.2.4
conversion equipment rated at 450 A or more, copper bus bars 1/4 in (6,4 mm) thick of the
width specified in Table 5.2.3.8DV.1 and at least 4 ft (1,2 m) in length are to be used. The
spacing between multiple bus bars is to be 1/4 in (6,4 mm) with no intentional wider
spacing except as required at the individual terminals of the equipment.
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Table 5.2.3.8DV.1
Width of Copper Bus Bars

Width of bus bars,

Product ratings, A Bus bars per terminal in (mm)
450 - 600 1 2 (51)
601 -1 000 1 3 (76)
10011200 1 4 (102)
1201-1600 2 3 (76)
1601-20 Z L 102)
2001 -25]:: 2 5 (127)
4 2-1/2 (64)
2501-3000 3 5 (127)
4 4 (102)

5.2.3.8DV.2.5 Wire size for the test shall be the smallest size having an ampacgity of at least

125 % of the test current. See Table 4.3.8.8.2DV.1 for wire size ampacities:

5.2.3.8DV.26 T
15 consists of
and thermocoy

he thermocouple method for temperature measurement as specified in Table
he determination of temperature by use of a potentiometer type instrument
ples that are applied to the hottest accessible parts. The thermocouples are

to be made of wires not larger than 24 AWG (0,21 mm?) and riot smaller than 30 AWG (0,05

mm?). The ther|
accordance wi
the requiremer

mocouples and related instruments are to be.accurate and calibrated in
h standard laboratory practice. The thermocouple wire is to conform with
ts specified in the Initial Calibration Tolerances for Thermocouples table in

Temperature Measurement Thermocouples, ANSI/ISA MC96.1.

5.2.3.8DV.2.7T
specified by th
temperature te
tab, heat sink,

he maximum junction temperature of power switching semiconductors, as
semiconductor manufacturer, shall not be exceeded during the
t. To determine the junction temperature, reference temperatures (case,
br similar parts) are to be'measured and the junction temperature is to be

calculated bas{rd on the semiconductor manufacturer’s power dissipation and thermal

resistance dat3.

5.2.3.8DV.3 D2 Modification to add the following:

5.2.3.8DV.3.1 Hrat Cycling Test

5.2.3.8DV.3.11

Spring-loaded bus bar joints as described in 4.3.8.4DV.3 shall be subjected

to a heat cycling test.

5.2.3.8DV.3.1.2

For the heat cycling test, the rated bus bar current shall vary in cycles in the

manner described in 5.2.3.8DV.3.2.1 and 5.2.3.8DV.3.2.2. Results shall comply with the

limitations on i

5.2.3.8DV.3.1.3

ncrease in temperature rise specified in 5.2.3.8DV.3.2.2.

The spring-loaded joints shall be conditioned by being assembled and

disassembled 5 times prior to final assembly for the test.

5.2.3.8DV.3.2 Heat Cycling Test arrangement
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5.2.3.8DV.3.21

The temperature rises on the contacts of the spring-loaded bus bar joint

shall be determined while the equipment is carrying the specified current continuously.
After temperatures have become constant under these conditions, the current shall be
stopped and the equipment shall be allowed to cool to room temperature.

5.2.3.8DV.3.2.2 The equipment shall then be subjected to two successive sets of cycling of
the current. Each set shall consist of 42 complete cycles. During each cycle the current
shall be on for 2 hours and off for 2 hours; or if, during the initial heating mentioned in
5.2.3.8DV.3.2.2, average temperatures on the spring-loaded bus bar joint at the end of 2
hours are more than 5 °C lower than the average final temperatures during continuous

operation, the ximum
temperatures $hall be observed again after the 42" cycle and also after the 84" cycle. The

final temperatures shall not be more than 5 °C higher than those observed initially, nor

shall the final
conclusion of

emperatures be more than 5 °C higher than those observed at the
the 42" cycle.

5.2.3.9 Protective bonding (type test and routine test)

The impedance of each
part of each PROTECTIV|
supply source, the outp

When the PROTECTIVE B
shall not exceed 0,02 Q)

PROTECTIVE BONDING circuit between the PE terminal and relevant points that are
E BONDING circuit shall be measured with a current of at least 10 A derived from a
Ut of which is not earthed, having a maximum no-load voltage of 24 V.

ONDING has been designed using the cross-section‘ules of 4.3.5.4, the impedance

When the PROTECTIVE BONDING has been designed using the rules of 4.3.5.3.3, the impedance shall not

exceed the value requir
NOTE 1 The use of a supply

NOTE 2 The use of larger cy
sectional areas and/or shorte|

ed to meet the time dependent voltage.limits of Figure 7.
vith an earthed output can produce misleading results.

rrents increases the accuracy of-thejtest result, especially with low resistance values, i.e. larger cross
conductor length.

NOTE 3 As this is a very low flesistance, care should be €xercised in positioning the measuring probes.

This test shall be perfo
any point by means of g

med as a ROUTINE TEST if the continuity of the PROTECTIVE BONDING is achieved at
single fastener.

5.2.3.9DV D2 Modification:

Each PROTECTI

calculated impedance based on the test current shall not exceed 0,02 Q.

5.2.4 Abnormal operation tests

5.2.4.1 General

Before all operation tests, the test sample shall be mounted, connected, and operated as described in the

temperature rise test.

In the case of a cDM/BDM supplied without an enclosure, a wire mesh cage which is 1,5 times the individual
linear dimensions of the cbm/BDM part under study shall be used to simulate the intended enclosure.

 cutt-shattat , bi , . , et
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The PDs, and the wire mesh cage (if used), shall be earthed according to the requirements of 4.3.5.3.2.

Surgical cotton shall be placed at all openings, handles, flanges, joints and similar locations on the outside
of the enclosure, and the wire mesh cage (if used), in a manner which will not significantly affect the
cooling.

5.2.4.1DV D2 Modification to add the following:

5.2.4.1DV.1 The pps/cbm/BDM, and the wire mesh cage (if used), shall be connected to earth.
The conductor shall have a maximum length of 4 ft (1,2 m) and be sized in accordance with
4.3.5.4DV.1. Fo i ; id-wi

5.2.4.1DV.2 The test voltage between phases, as required by 5.2DV.1, shall be the maximum
of (a) and (b):

a) The Igrgest RATED VOLTAGE for equipment rated in accordance with 6.2DV:2.1:5(a);
and

b) The largest higher RATED VOLTAGE for equipment rated in accordance with
6.2DV.2./1.5(b).

5.2.4.1DV.3 Thg source used for test shall have an earthing systemr according to the
following:

a) For pps/com/BDM intended for connection to systems.according to 4.3.6.1.4DV.2,
the source shall have a measured r.m.s working voltage from phase to earth equal to
or greater than the STRAIGHT VOLTAGE RATING, or the‘measured working voltage from
phase t¢ earth may be lower than the STRAIGHT VOLTAGE RATING if the earth connection
of the pgs/icbm/BDM, and the wire mesh cage{(if used), are connected to the supply
circuit pole least at risk of arcing to ground.

b) For pps/icom/BDM intended for connection only to systems according to
4.3.6.1.4DV.3, the source shall have’a measured r.m.s. working voltage from phase
to earthjequal to or greater than the rated phase to earth voltage.

5.2.4.2 Test duration

The individual tests shall be performed until terminated by a protective device or mechanism (internal or
external), a component failure_oceurs, or the temperature stabilizes.

5.2.4.3 Pass criteria

As a result of the Abnormal operation tests, the PDS/cDM/BDM shall comply with the following:
« there shall be no emission of flame or molten metal;

« the surgical cotton indicator shall not have ignited;

« the earth connection shall not have opened;

« the door or cover shall not have blown open;
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« during and after the test, accessible SELV and PELV CIRCUITS shall not exhibit voltages greater than the
time dependent voltages of Figure 7;

« during and after the test, LIVE PARTS at voltages greater than DECISIVE VOLTAGE CLASS A shall not become

accessible.

The PDs/CDM/BDM is not required to be operational after testing and it is possible that the enclosure can

become deformed.

5.2.4.3DV.1 D2

Modification to add the following:

In addition to
requirements
tests except fqg

5.2.4.3DV.2 DE

the pass criteria noted above, the test sample shall also comply with the

for the a.c. or d.c. voltage test of 5.2.3.2 for all of the abnormal operation

r the current limiting control test.

Modification to add the following clarification:

For the purposges of this requirement, “accessible SELV and PELV CIRCUITS® are considered to

be those whid
which can be

h are intended to be connected to devices external to-the PDs/CDM/BDM or

be those whic
not have insul

tontacted during normal operation. SELV and PELV CIRGUITS” are considered to
h are intended to be connected to devices external to the pDs/com/BDM that do
htion as required elsewhere in this standard areconsidered to be accessible.

5.2.4.4 Loss of phasg (TYPE TEST)

A multi-phase PDS shal
input. The test shall
operating at its maximu
may be simulated for L(
by initially energizing th

be operated with each line (includingsneutral, if used) disconnected in turn at the
e performed by disconnecting one line with the power conversion equipment
 normal load (this particular réquirement does not apply to HIGH-VOLTAGE PDS and
DW-VOLTAGE PDS with rated.input current greater than 500 A) and shall be repeated
e device with one lead discennected.

5.2.4.4DV D1 Modification:

5.2.4.4DVA1 Th
permitted.

5.2.4.4DV.2 At
the a.c. ord.c.

e second parenthetical clause does not apply, in that simulation is not

the completion of the test, the sample shall comply with the requirements of

voltage test of 5.2.3.2.

5.2.4.5 Cooling failure tests (TYPE TESTS)

5.2.4.51 General

For PDS having a com
necessary to perform th

5.2.4.5.2 Inoperative

bination of cooling mechanisms, all relevant tests shall be performed. It is not
e tests simultaneously.

blower motor

A PDs having forced ventilation shall be operated at rated load with blower motor or motors made

inoperative, singly orin

combination from a single fault, by physically preventing their rotation.
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5.2.4.5.2DV D2 Modification to add the following:

5.2.4.5.2DV.1 Where a single electrical fault could result in the loss of operation of one or
more blowers, that fault will be applied and the blower rotation will not be prevented. This
is in addition to testing with physically preventing the rotation of individual blowers.

5.2.4.5.2DV.2 At the completion of the test, the sample shall comply with the requirements
of the a.c. or d.c. voltage test of 5.2.3.2.

5.2.4.5.3 Clogged filtér

Enclosed pDs/cDM/BDM having filtered ventilation openings shall be operated with the openings blockedto
represent clogged filter§. The test shall be performed initially with the ventilation openings blocked 5Q %.
The test shall be repeatg¢d under a full blocked condition.

5.2.4.5.3DV D1 |Modification to add the following:
At the complejon of the test, the sample shall comply with the requirements of the a.c. or
d.c. voltage tedt of 5.2.3.2.

5.2.4.5.4 Loss of coolant

A liquid cooled pPDs shal| be operated at rated load. Loss of coolant shall be simulated by blocking the flow
or disabling the systenp coolant pump. The a.c. or d.c. voltage(test 5.2.3.2 shall be performed after
termination of the Loss qf coolant test.

5.2.4.5.4DV D1 Modification:

The loss of goolant test shall be started with the liquid cooled PDS in a condition
representing the thermally stable state at the conclusion of the temperature test.

5.2.4.5.5DV D2 |Addition:
5.2.4.5.5DV.1 Cpntactor‘overload

5.2.4.5.5DV.1.1]A contactor having the coil circuit interlocked or sequenced such that in
normal operatipn.the contactor does not make or break load current is to be subjected to

five close-open operations, with the interlocking or sequencing defeated. The test current
shall be the current the contactor carries when the PbDs/cDM/BDM is delivering the maximum

overload current. The maximum overload current is defined as the maximum current the
PDS/CDM/BDM is capable of delivering for a time of one cycle of mains frequency. The

duration of current flow when the contactor is closed shall be at least 4 cycles and the
maximum time between cycles shall be 240 s. Power factor or time constant for the load
shall be representative of the power factor or time constant on the contactor circuit when
in operation in the PDs/cDM/BDM. The test circuit voltage to the contactor shall be equal to

the highest voltage to which the contactor is subjected during operation in the
PDS/CDM/BDM.

5.2.4.5.5DV.1.2 There shall be no continuity across any pole of the contactor at the end of
the fifth operation.
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5.2.5 Material tests

5.2.5.1

Five samples of each ir]
minimum by 13 mm wi
shall be free from burrs

Each test is made with
series to a source of 22

5.2.4.5.5DV.1.3

At the completion of the test, the sample shall comply with the requirements

of the a.c. or d.c. voltage test of 5.2.3.2.

5.2.4.5.6DV D2

Addition:

5.2.4.5.6DV.1 Current limiting control

5.2.4.5.6DV.1.1

Power conversion equipment incorporating a current limiting control is to

be operated with the load increased such that the current limit mode is reached. When the

current limitin
condition. The
operation of th
marking requi

iy control is adjustable, it is to be adjusted to result in the most severe
duration of the test is not to exceed the maximum time required for

e overload protective device on the system supplied or specified on the

ed by 6.3.7.

5.2.5DV D2 Mddification:

in 5.2.5.1 throygh 5.2.5.4 for direct support applications. See Annhex DVD for requirements

Materials comjlying with the requirements in 4.4.2.2DV need not be_subjected to the tests

for enclosure

made of polymeric material.

High current arcing ignition test (TYPE TEST)

Movable

sulating material (see 4.4.2) to be tested are used. The samples are 130 mm long
de and of uniform thickness representing the thinnest section of the part. Edges
fins, etc.

a pair of test electrodes and a variable inductive impedance load connected in
D V to 240 V a.c., 50 Hz or 60 Hz (see Figure 9).

electrode Stationary electrode
I |
Test sample Z=7Q
with 0,5

R

220V-240V ac.

/H power factor

1=33A

su0575

iec 264/03
Figure 9

Circuit for high-current arcing test
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It is permitted to use an equivalent circuit.

One electrode is stationary and the second movable. The stationary electrode consists of a 3,5 mm
diameter solid copper conductor having a 30° chisel point. The movable electrode is a 3 mm diameter
stainless steel rod with a symmetrical conical point having a total angle of 60° and is capable of being
moved along its own axis. The radius of curvature for the electrode tips does not exceed 0,1 mm at the
start of a given test. The electrodes are located opposing each other, in the same plane, at an angle of 45°
to the horizontal. With the electrodes short-circuited, the variable inductive impedance load is adjusted
until the current is 33 A at a power factor of 0,5.

The sample under test+ d—he y a e 3
electrodes, when touching each other, are in contact with the surface of the sample. The movable
electrode is manually or otherwise controlled so that it can be withdrawn from contact with the stationary
electrode to break the circuit and lowered to remake the circuit, so as to produce a series of arcs at a rate
of approximately 40 arcg/min, with a separation speed of (250 + 25) mm/s.

The test is continued until ignition of the sample occurs, a hole is burned through the sample\ora total of
200 arcs have elapsed.

The average number of arcs to ignition of the specimens tested shall be not less.than 15 for V-0 class
materials and not less tHan 30 for other materials.

5.2.5.2 Glow-wire tes} (TYPE TEST)

The glow-wire test shall[be made under the conditions specified in 4.4.2 according to IEC 60695-2-10 and
IEC 60695-2-13.

NOTE If the test has to be mgde at more than one place on the same sample,‘care should be taken to ensure that any deformation
caused by previous tests doeq not affect the test to be made.

5.2.5.3 Hot wire ignitipn test (TYPE TEST — alternative-to Glow-wire test)

Five samples of each insulating material (see 4i4.2) are tested. The samples are 130 mm long minimum
by 13 mm wide and of g uniform thickness representing the thinnest section of the part. Edges shall be
free from burrs, fins, etc

A 250 mm £ 5 mm length of nichrome.wire (nominal composition 80 % nickel, 20 % chromium, iron-free)
approximately 0,5 mm diameter ahd-having a cold resistance of approximately 5 Q/m is used. The wire is
connected in a straight length to a variable source of power which is adjusted to generate
0,25 W/mm + 0,01 W/mm in the wire for a period of 8 s to 12 s. After cooling, the wire is wrapped around a
sample to form five completeturns spaced 6 mm apart.

The wrapped sample is supported in a horizontal position (see Figure 10) and the ends of the wire
connected to the variable power source, which is again adjusted to generate (0,25 + 0,01) W/mm in the
wire.
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Heating wire

Test sample

su0576

IEC 265/03
Figure 10

Test fixture for hot-wire ignition‘test

The test is continued uptil the test specimen ignites or until 120 s have passed. When ignition occurs or
120 s have passed, the|test is discontinued and the {est'time recorded. For specimens which melt through
the wire without ignition) the test is discontinued whéen'the specimen is no longer in intimate contact with all
five turns of the heater wire.

The test is repeated on the remaining samples.
The average ignition time of the specimens tested shall not be less than 15 s.

5.2.5.4 Flammability ftest (TYPE TEST)

Three samples of the ¢omplete equipment or three test specimens of the enclosure thereof (see 4.4.3)

shall be subjected to this test. Consideration shall be given to leaving in place components and other parts
that might influence the performance. The test samples shall be conditioned in a full draft circulating air
oven for seven days at 10 °C greater than the maximum use temperature but not less than 70 °C in any
case. Prior to testing, the samples shall be conditioned for a minimum of 4 h at 23 °C + 2 °C and
50 % + 5 % relative humidity. The flame shall be applied to an inside surface of the sample at a location
judged to be likely to become ignited because of its proximity to a source of ignition including surfaces
provided with ventilation holes. If more than one part is near a source of ignition, each sample shall be
tested with the flame applied to a different location.

The three test samples shall result in the acceptable performance described below. If one sample does not
comply, the test shall be repeated on a set of three new samples with the flame applied under the same
conditions as for the unsuccessful sample. If all the new specimens comply with the requirements
described below the material is acceptable.
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The laboratory burner, adjustment and calibration shall be identical to that described in IEC 60695-11-10
and IEC 60695-11-20.

When a complete enclosure is used to conduct the flame test, the sample shall be mounted as intended in
service, if it does not impair the flame testing, in a draft-free test chamber, enclosure, or laboratory hood. A
layer of absorbent 100 % cotton shall be located 305 mm below the point of application of the test flame.
The 127 mm flame shall be applied to any portion of the interior of the part judged as likely to be ignited (by
its proximity to live or arcing parts, coils, wiring, and the like) at an angle of approximately 20° insofar as
possible from the vertical so that the tip of the blue cone touches the specimen. The test flame shall be
applied to three different locations on each of the three samples tested. A supply of technical-grade

methane gas shall be ysed with a requlator and meter for uniform gas flow Natural gas having a heat

content of approximately 37 MJ/m? at 23 °C has been found to provide similar results and may be used.

The flame shall be appli
has been subjected to fi

The following conditions

« the material shall not @
with an interval of 5 s be

and

+ flaming drops or flamir
shall not be emitted by t

pd for 5 s and removed for 5 s. The operation shall be repeated until the specimen
e applications of the test flame.

shall be met as a result of this test:

ontinue to burn for more than 1 min after the fifth 5 s application of the test flame,
fween applications of the flame;

g or glowing particles that ignite surgical cotton.805 mm below the test specimen
ne test sample at any time during the test;

5.2.6 Environmental fests (TYPE TESTS)

5.2.6DV D2 Delgtion:

5.2.6 is not applicable.

5.2.6.1 General

Environmental testing is
classification to which it

If size or power conside

required to establish the safety of the PDs at the extremes of the environmental
will be subjected.

ations prevent the performance of these tests on the complete PDs, it is permitted

to test individual parts th

at are considered to be relevant to the safety of the PDs.

5.2.6.2 Acceptance criteria

The following acceptance criteria shall be satisfied:

* no degradation of any safety-relevant component of the PDSICDMIBDM;

* no potentially hazardous behaviour of the PDSICDMIBDM during the test;

* no sign of component overheating;

* no LIVE PART shall become accessible;
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* no cracks in the enclosure and no damaged or loose insulators;

* pass routine a.c. or d.c. voltage test 5.2.3.2;

pass PROTECTIVE BONDING test 5.2.3.9;

* no potentially hazardous behaviour when the PDSICDMIBDM is operated following the test.

5.2.6.3 Climatic tests

5.2.6.3.1 Dry heat tegt (steady state)

The Dry heat (steady stpte) test shall be performed according to Table 25.

Table 25
Dry heat test (steady state)

Subject Test conditions

Test reference

Test Bd of IEC 60068-2-2

Requirement reference

4.6

Preconditioning

According to 5.1.2 and 5.2.1

Operating conditions

Operating at rated conditions

Temperature 40 °C or manufacturer’s specified maximum temperature, whichever is higher
Accuracy +2 °C (see 37.1 of IEC 60068-2-2)
Humidity According to IEC 60068-2-2, Test Bd
Duration of exposure (16+£1)h
Recovery procedure
—time 1 h minimum
— climatic conditions
— Temperature 15°Cto35°C

25%1t075%
86 kPato 106'kPa

— Relative humidity
— Barometric pressure

— power supply Power stpply unconnected

5.2.6.3.2 Damp heat test (steady state)

To prove the resistande to humidity, the cbMm shall be subjected to a Damp heat test (steady state)

according to Table 26.

Table 26
Damp heat test (steady state)

Subject Test conditions

Test Cab of IEC 60068-2-78
Requirement reference 4.6
According to 5.1.2 and 5.2.1

Test reference

Preconditioning

Table 26 Continued on Next Page
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Table 26 Continued

Subject

Test conditions

Operating conditions

Special precautions

Power supply disconnected

Internal voltage sources may remain connected if the heat produced by them in the
specimen is negligible

Temperature (40 % 2) °C (according to IEC 60068-2-78)
Humidity (93 *2_3) % non-condensing
Duration of exposure 4 Days
Recovery procedure
—time 1 h minimum
— climatic conditions
— Temperature 15°Cto35°C
— Relative humidity 25%1t0 75 %

— Barometric presqure 86 kPa to 106 kPa
— power supply Power supply disconnected
— condensation All external and internal condensation shall be removed by air flow prior to
performing the a.c. or d.c. voltage test or re-connecting the GDM to a power supply
5.2.6.4 Vibration test|(TYPE TEST)

To verify the mechanica

For PDs/cDM/BDM with a

NOTE For large equipment, th

strength, a vibration test shall be performed according to Table 27 as a TYPE TEST
using a sliding frequency.

mass more than 100 kg, this test may be performed on sub-assemblies.

e possibility of using a shock test as an alternative to a vibration test is under consideration.

Table 27
Vibration test

Subject

Test conditions

Test reference

Test Fc of IEC 60068-2-6

Requirement reference

4.6

Preconditioning

According to 5.1.2 and 5.2.1

Conditions

Motion

Power supply unconnected

Sinusoidal

Vibration amplitude/accelera
10Hz< f<57Hz
57 Hz < f <150 Hz
Vibration duration

Detail of mounting

foT

0,075 mm amplitude
19
10 sweep cycles per axis on each of three mutually perpendicular axes

According to manufacturer’s specification

Where the manufacturer specifies vibration levels that are greater than those above, the higher levels shall be used for the test.
The acceptance criteria shall not be changed.

5.2.7 Hydrostatic pressure (TYPE TEST and ROUTINE TEST)

For TYPE TESTS, the pressure inside the cooling system of a liquid cooled PDsS (see 4.4.5.2.2) shall be

increased at a gradual rate until a pressure relief mechanism (if provided) operates, or until a pressure of

JUNE 24, 2022
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twice the operating value or 1,5 times the maximum pressure rating of the system is achieved, whichever
is the greater.

For ROUTINE TESTS, the pressure shall be increased to its operating value.
The pressure shall be maintained for at least 1 min.

There shall be no thermal, shock, or other hazard resulting from the test. There shall be no significant
leakage of coolant or loss of pressure during the test, other than from a pressure relief mechanism during
a TYPE TEST.

5.2.7DV D2 MJdification:

For the TYPE TEST, the pressure shall be increased at a gradual rate until a pressure/relief
mechanism operates or until five times the maximum working pressure rating is attained. If
a pressure relief mechanism does not operate, the pressure shall be maintained at five
times the maxjmum pressure rating for 1 min. There shall be no leakage of coolant during
the test, other|than from a pressure relief mechanism, during the TYPE TEST- Leakage from a

pressure reIieE mechanism shall not occur in the electrical compartment.” After the TYPE
TEST, the a.c. oy d.c. voltage test of 5.2.3.2 shall be performed.

5.2.8 ELECTRONIC MOTOR OVERLOAD PROTECTION test (TYPE TEST)
5.2.8.1 General requirements

This test shall demongtrate on one sample of a representative model that the ELECTRONIC MOTOR
OVERLOAD PROTECTION ¢perates within the specified limits.

PDS/CDM/BDM series thgt incorporate ELECTRONIC MOTOR~OVERLOAD PROTECTION shall comply with test in
5.2.8.4.

PDS/CDM/BDM series that incorporate ELECTRONIC MOTOR OVERLOAD PROTECTION that has THERMAL MEMORY
RETENTION shall have gne sample of the representative model used complying with the tests in 5.2.8.4,

5.2.8.5and 5.2.8.6.

PDS/CDM/BDM series that incorporate ELECTRONIC MOTOR OVERLOAD PROTECTION that is speed sensitive
shall have one sample ¢f the represSentative model used complying with the tests in 5.2.8.4 and 5.2.8.7.

5.2.8.2 Test set-up

Before all operation tests;the-testsampte-shaltbe-motunted;connected;andoperated-asdescribed-inthe—

temperature rise test and then subjected to the overload condition.
The motor may be simulated by an electronic load or a reactor.
5.2.8.2DV DE Modification:

5.2.8.2DV.1 The motor may be simulated by an electrical load consisting of a resistance,
reactance, or both such that the load draws the full required r.m.s current at the BDM/CDM
motor power output.
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5.2.8.2DV.2 The test sample shall be mounted, and operated as described in 5.2DV.1 -
5.2DV.6 and connected as described in either 5.2.3.8DV.2.4, 5.2.3.8DV.2.5 or 5.2.8.2DV.3 and
then subjected to the overload condition.

5.2.8.2DV.3 Co
conditions are

a) For1

1
1

b) For 1

—

nductors smaller than 14 AWG are not permitted unless the following
met.

6 AWG:

) If com/BDM output is rated more than 5.0 A, overload shall not exceed class
0 or class 10A

2) If com/BDM output is rated 5.0 A or less, overload shall not exceed class 20

8 AWG:

If com/BDM output is rated more than 3.5 A, overload shall not exceed ¢lass
D or class 10A

2) If com/BDM output is rated 3.5 A or less, overload shall not exceed class 20.

The overload g¢lass designation defines the maximum time for the overload protection to

operate under
operate within
must operate

600 % and wit

specific overload levels. Class 10 and 10A require overload protection to
10 s at 600 %; at 200 %, class 10 must operate within 4 min, while class 10A
ithin 2 min. Class 20 requires overload protection to operate within 20 s at
in 8 min at 200 %.

5.2.8.2DV.4 The main output power wire size for the test.of a BASIC DRIVE MODULE/ COMPLETE
DRIVE MODULE intended for use as output conductor protection shall comply with the

requirements gf DVI.3.1.4.

5.2.8.3 Pass criteria

The PDS/CDM/BDM is req
testsin 5.2.8.4, 5.2.8.5,

lired to be operational-after testing and shall comply with each requirement of the
b.2.8.6 and 5.2.8.7¢

5.2.8.4 CDM/BDMELEC

RONIC MOTOR.OVERLOAD PROTECTION test (TYPE TEST)

For the verification of t

e functionality of the ELECTRONIC MOTOR OVERLOAD PROTECTION, the test shall be

conducted at any current beirig-able to verify the overload tripping condition according to Table 29.

cbM/BDM with fixed ove

cbM/BDM with adjustabl
lowest settings.

The ELECTRONIC MOTOR
the limits from Table 29:

e overload protectlon Ievels shall comply W|th Table 29 under the hlghest and

OVERLOAD PROTECTION in the representative model shall TRIP at any point below
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Table 29

Maximum tripping time for electronic motor overload protection test

Multiple of current setting Maximum tripping time
72 20s
1,5 8 min
1,2 2h

NOTE 1 The current setting
protected.

8.2.1.5.1.1.

NOTE 2 Table 29 covers the minimum requirement for electronic overload relays of class 20 according to IEC 60947-4-1:2009,

is defined as the rated current for the motor according to its nameplate, which is intended to be

5.2.8.4DV DR Modification:

In accordanc

with 4.4.6.2DV part c), the maximum tripping times for Class 30-are 12

minutes at 1.%5x the current setting and 30 s at 7.2x the current setting. Thesxmaximum
tripping times|for Class 40 are 16 minutes at 1.5x the current setting, and 40(s at 7.2x the
current setting.

5.2.8.5 cbm/BDM elec

ronic motor THERMAL MEMORY RETENTION shutdown test(TYPE TEST)

The purpose of this tgst is to verify that the ELECTRONIC MOTOR OVERLOAD PROTECTION functionality

evaluated under 5.2.8.4

test shall be conducted

The test is conducted a

a) the THERMAL MEMORY]

b) the cbm/BDM shall be

| maintains the THERMAL MEMORY when the CDM/BDM is restarted after a TRIP. The
under the conditions specified in 5.2.8.5.

5 follows:
of the cCDM/BDM is reset;

operated at any multiple_ef.elrrent setting according to Table 29 until the overload

protection TRIPS the CDNI/BDM;

c¢) the duration between|

d) without removing the
time shorter than the fir

e) the com/BDM shall be

the start of the oyerload condition and tripping is the first elapsed time;

power supply, ‘the test shall be restarted with the same overload condition, within a
5t elapseddtime;

opérated until the overload protection TRIPS the CDM/BDM again;

f) the duration between

the start of the second overload condition and tripping is the second elapsed time.

Compliance is shown when the second elapsed time until tripping is less than the first elapsed time.

For information requirements, see 6.3.8.

5.2.8.6 cDbm/BDM electronic motor THERMAL MEMORY RETENTION loss of power test (TYPE TEST)

The purpose of this test is to verify that the ELECTRONIC MOTOR OVERLOAD PROTECTION evaluated under
5.2.8.4 maintains the THERMAL MEMORY when the CDM/BDM is restarted after a TRIP and loss of the supply
voltage. The test shall be conducted under the conditions specified in 5.2.8.6.
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The test is conducted as follows:
a) the THERMAL MEMORY of the CDM/BDM is reset;

b) the cbm/BDM shall be operated at any multiple of current setting according to Table 29 until the overload
protection TRIPS the CDM/BDM;

c) the duration between the start of the overload condition and tripping is the first elapsed time;

d) all power supplies shall be removed from the cbm/BDM;

e) wait until all circuits for control functions cease to operate, except for circuits that are powered by an
internal source, such as|a battery;

f) all power supplies sha]l be restored to the cbm/BDM;

g) the test shall be restgrted with the same overload condition within a time shorter than thelfirst elapsed
time;

h) the cbm/BDM shall be pperated until the overload protection TRIPS the cDM/BDM agaih;
i) the duration between the start of the second overload condition and tripping’is the second elapsed time.
Compliance is shown when the second elapsed time until tripping is less‘than the first elapsed time.

Step e) may be waived if the manufacturer demonstrates that the.stored THERMAL MEMORY data is retained
for a duration long enough to ensure protection of the motor.

For information requirements, see 6.3.8.
5.2.8.7 cbpm/BDM electfonic motor thermal speed-sensitivity test (type test)

The purpose of this test is to verify that the' ELECTRONIC MOTOR OVERLOAD PROTECTION functionality
evaluated under 5.2.8.4 maintains the THERMAL MEMORY under reduced motor speed. The test shall be
conducted under the conpditions specified in 5.2.8.7.

NOTE Motors with a fan impeller mounted‘on-the shaft have reduced cooling at low speed.

The test is conducted aqg follows:

a) the THERMAL MEMORY of the CDM/BDM is reset;

b) the cbm/BDM shall be operated at 40 % of the rated output frequency or voltage, while delivering any
multiple of current setting according to Table 29 until the overload protection TRIPS the CDM/BDM,;

c) the duration between the start of the overload condition and tripping is the first elapsed time;
d) the THERMAL MEMORY of the CDM/BDM is reset;

e) the com/BDM shall be restarted at 20 % of the rated output frequency or voltage, with the same overload
condition;
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f) the cbm/BDM shall be operated until the overload protection TRIPS the CDM/BDM again;

g) the duration between

the start of the second overload condition and tripping is the second elapsed time.

Compliance is shown when the second elapsed time to operation of the overload protection is less than

that recorded of the first

If testing cDM/BDM with

elapsed time.

the values above is not possible due to the motor characteristic, more practical

values for the frequency or voltage may be selected.

For PDS where motor a
of the motor characteri

For information require

ic.

ents, see 6.3.8.

5.2.8.7DV DE Modification:

With respect
power output
5.2.9 Circuit functior

Circuit functionality eva
compliance with TYPE T#

a) electronic short-circu
b) ELECTRONIC MOTOR O|

Prior to being shipped
protection circuitry shal

c) identification of early
d) verification of functio

This identification and v

e

(b) and (e), output frequency shall apply to com/BDM with(AC rated motor
d output voltage shall apply to com/Bbm with DC rated motor power output.
ality evaluation (ROUTINE and/or SAMPLE TEST)

luation is required for the verification of hardware and software when used for
ESTS as required by

t protection according to 4.3.9, and
VERLOAD PROTECTION according t0.4.4.6.

from the manufacturing.facility, all electronic short-circuit and motor overload
be subjected to a procedure involving

production faults @s'a SAMPLE TEST or ROUTINE TEST, and
nality as a ROUTINE TEST.

erification’ procedure may include one of the following:

€) in-coming compone

sefeening: or

f) a burn-in method that

varies in conditions (such as duration, temperature, and similar conditions); or

g) diagnostic test, which may be accomplished by providing signals for the software and/or hardware.

5.2.9DV D1 Addition:

The circuit fun

ctionality evaluation shall be done as a routine test.
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5.2.10DV D1 Addition:
5.2.10DV.1 Production line dielectric voltage-withstand test

5.2.10DV.1.1 Equipment provided with a power-supply cord with an attachment plug for

connection to a nominal 120 V or higher voltage circuit shall withstand without ELECTRICAL
BREAKDOWN, as a routine production-line test, the application of an alternating-current

potential at a frequency within the range of 40 — 70 Hz or a direct-current potential between
the primary wiring, including connected components, and accessible dead metal parts that
are likely to become energized.

5.2.10DV.1.2 The production-line test shall be in accordance with either Condition A or B of
Table 5.2.10DV/1.

Table 5.2.10DV.1
Production — Line Test Conditions

Condition A Condition B
Equipment Potential, V Potential, V Potential, V Potential, V
rating, V ac dec Time, s ac dc Time, s
250 or less 1000 1400 60 1200 1700 1
More than
250 1000 +2V? 1400 +2,8V? 60 1200 +2,4V2 1700 +3,4V? 1

2 Maximum markéd voltage.

5.2.10DV.1.3 The test potential is able to be gradually incteased to the required value but
the full value ig to be applied for 1 s or 1 min as required.

5.2.10DV.1.4 The equipment is able to be at normal operating temperature, at room
temperature, of at any intermediate temperature for the test.

5.2.10DV.1.5 The test shall be conducted.when the equipment is fully assembled. It is not
intended that the equipment be unwired, modified, or disassembled for the test.

a) A part, such as a snap cover or friction-fit knob, that would interfere with
performpnce of the test need not be in place.

b) The te¢st is able to'be performed before final assembly if the test represents that
for the gompleted equipment. Any component not included shall not affect the
results with respect to determination of possible risk of electric shock resulting
from miswining, defective component, insufficient spacings, and the like.

5.2.10DV.1.6 Solid-state and similar components that might be damaged by a secondary
effect of the test are able to be short-circuited by means of a temporary electrical jumper or
the test is able to be conducted without the component electrically connected, providing
the wiring and terminal spacings are maintained.

5.2.10DV.1.7 The test equipment shall have a means of indicating the test potential, an
audible or visual indicator of ELECTRICAL BREAKDOWN, and, for automated or station-type

operations, either a manually reset device to restore the equipment after ELECTRICAL
BREAKDOWN or an automatic-reject feature for any unacceptable unit. When an alternating-

current test potential is applied, the test equipment shall include a transformer having an
essentially sinusoidal output.
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5.2.10DV.1.8 When the test equipment is adjusted to produce the specified voltage, and a
resistance of 120 000 Q is connected across the output, the test equipment is to indicate an
unacceptable performance within 0,5 s. A resistance of more than 120 000 Q is able to be
used to produce an indication of unacceptable performance when the manufacturer elects
to use a tester having higher sensitivity.

5.2.10DV.1.9 When the rated output of the test equipment is less than 500 VA, the
equipment shall include a voltmeter in the output circuit to directly indicate the applied test

potential.

5.2.10DV.1.10 Wher

potential is ab
a) Avol
b) By a

c) In the
readily

If an indicating

e to be indicated by:

meter in the primary circuit or in a tertiary winding circuit;
elector switch marked to indicate the test potential; or

case of equipment having a single test-potential output, by a marking in a
visible location to indicate the test potential.

voltmeter is not used, the test equipment shall include a.visual means, such

as an indicatgr lamp, to indicate that the test voltage is present at the test-equipment

output.

5.2.10DV.1.11 7
able to be use

5.2.10DV.1.12

separate appli
tested.

5.211DVD1 A

[est equipment other than that described by 5:2.10DV.1.7 - 5.2.10DV.1.10 is
l if found to accomplish the intended factory.control.

For the test, either a sufficient number of control devices are to be closed or
fations of the test potential made so¢-that all parts of the primary circuit are

Hdition:

5.2.11DV.1 Production-line grounding-continuity test

5.211DV11E

uipment that has an attachment plug or a power-supply cord with an

attachment pliig shall be tested, as a routine production-line test, to determine that

grounding cor
plug and the a

5.211DV1.20

tinuity(isyprovided between the grounding blade or pin of the attachment
Ecessible dead metal parts that are likely to become energized.

conductively connected to all other accessible metal.

5.2.11DV.1.3 A
like) is able to

5.2.12DVD2 A

ny indicating device (an ohmmeter, a battery and buzzer combination, or the
be used to determine compliance with the grounding continuity requirement.

ddition:

5.2.12DV.1 Cord and plug connected devices

5.2.12DV.1.1 St

rain relief test
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5.2.12DV.1.1.1 The device provided with a strain relief as in 4.3.8.7DV.5.5 shall withstand a
direct pull of 35 Ibf (156 N) applied to the cord for 1 min. There shall be no damage or
displacement of the cord or conductors. Supply connections within the equipment are to
be disconnected from terminals or splices during the test.

5.2.12DV.1.1.2 A field wiring lead shall withstand without damage or displacement a direct

pull of:

a) 20 Ibf
through

(90 N) for 1 min applied to a lead extending from the enclosure such as
a hub or nipple; and

b) 10 1bf{(44.5 N) for 1 min applied to a field wiring lead within a wiring compartment

orano
5.2.12DV.1.2 Py

5.2.12DV.1.21 ]
accordance wi
4.3.8.7DV.5.8 (3

5.2.12DV.1.2.2

let box.
sh-back relief test

[0 determine compliance with 4.3.8.7DV.5.8, a product shall be tested in
h 5.2.12DV.1.2.2 without occurrence of any of the conditions specified in

)= (d).

[he supply cord or lead is to be held 1 in (25,4 mm) from the point where the

cord or lead erIerges from the product and is then to be pushed back.into the product.

When a remov
removed prior

ble bushing which extends further than 1 in (25,4-mim) is present it is to be
fo the test. When the bushing is an integral part of'the cord, then the test is

to be carried oyt by holding the bushing. The cord or lead is'to be pushed back into the

productin 1-in
into the produd
manipulated to

5.2.12DV.1.3 Pr
Equipment

5.2.12DV.1.3.1

(25,4-mm) increments until the cord buckles or the force to push the cord
t exceeds 6 Ibf (26,7 N). The supply cord.or lead within the product is to be
determine compliance with 4.3.8.7DV.5:8.

oduction-Line Polarization-Continuity Test — Cord and Plug Connected

Equipment provided witha grounding type attachment plug shall maintain

electrical contihuity between the grounding blade of the attachment plug and all accessible

parts and shall
determined thr,

5.2.13DV D2 Ac

be verified as a routine production-line test. The continuity shall be
pugh the use of @n electrical test.

Jdition:

5.2.13DV.1 Clarr\ped joint test

5.2.13DV.1.1 With respect to Annex C.1DV, a clamped joint between two insulators is to be
tested using two samples.

a) The first sample is to have the clamped joint opened up to produce a space 1/8 in
(3,2 mm) wide. This is accomplished by loosening the clamping means or by drilling
a 1/8 in diameter hole at the joint between the insulators at a point of minimum

spacing

between the metal parts on the opposite sides of the joint. The drilled hole

shall not decrease spacings between the opposite polarity parts as measured

through
through

the crack between the insulators. The 60 Hz dielectric breakdown voltage
this hole is then determined by applying a gradually increasing voltage (500

V/s) until breakdown occurs.
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b) The second sample with the clamped joint intact is to be subjected to a gradually
increasing 60 Hz voltage until 110 percent of the breakdown voltage of (a) has been
reached. When the breakdown voltage of (a) is less than 4 600 V rms, the voltage

applied

to the second sample is to be further increased to 5 000 V rms and held for 1

s. The clamped joint meets the intent of the requirement when there is no dielectric
breakdown of the second sample.

6

Information and marking requirements

6.1 General

The purpose of this Cla

commissioning, operati
the information shall be

The requirements of thi

Since any electrical eq
can occur, compliance
safe INSTALLATION. How
correctly installed and g

All information shall be
Drawing symbols shal
IEC 60417 or IEC 6061

NOTE Further guidance for |
manuals in IEC 62079.

6.1DV D2 Mod

6.1DV.1 Table
references for

use 6 is to define the information necessary for the safe selection, installation and
bn, and maintenance of PDS/CDM/BDM. It is presented as Table 28, showing where
provided, followed by explanatory subclauses.

5 Clause 6 apply to all PDS/CDM/BDM, unless otherwise stated.

lipment can be installed or operated in such a manner that hazardous conditions
with the design requirements of this part of IEC 61800 dogs\not by itself assure a
ever, when equipment complying with those requirements-is properly selected and
perated, the hazards will be minimized.

in an appropriate language, and documents shall ‘have identification references.

conform to IEC 60417 or IEC 60617 as appropriate. Symbols not shown in
/ shall be identified where used.

he preparation of documentation is provided inJEC 61082, and for the preparation of instructions and

fication:

P8DV replaces Table 28.to provide a list of required markings, clause
details and the required locations for the markings based on whether the

equipment is gnclosed or open:

6.1DV.2 Every
shall be provic
Table 28DV. W

product supplied, even if more than one is provided to a single customer,
ed with ali-markings required to be in locations A — G in accordance with
ring diagrams or instruction manuals in accordance with location H of Table

28DV shall be
marked in acc

b

upplied with every product or available via the manufacturer’s website and
rdance with footnote c of Table 28DV.

6.1DV.3 The use of international symbols is not required unless specifically identified.
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Table 28
Information requirements
Subclause Location® ¢ Technical subclause
Information reference 1 2 3 5 reference
For selection 6.2
Manufacturer’s name and catalogue 6.2 X X X X
number
Voltage rating 6.2 X X X
Current rating 6.2 X X
Power rating 6.2 X X X
Short-circuit ratings 6.2 X 4.3.9
IP rating 6.2 X X X 4.3.3.3,4.3.7.1
Reference to standards 6.2 X
Date code or serial number 6.2 X
Reference to instructions 6.2 X X
For installation and commissioning 6.3
Dimensions (Sl units) 6.3.2 X X
Mass (Sl units) 6.3.2 X X X
Mounting details (Sl units) 6.3.2 X X
Operating and storage environments 6.3.3 X X
Enclosure details 6.3.3 X X 4.3.3.3,4.3.7.1,4.4.3
Handling requirements 6.3.4 X X X
Motor requirements 6.3.5 X X
Interconnection and wiring diggrams 6.3.6.2 X X
Cable requirements 6.3.6.3 X X 4.3.8
Terminal details 6.3.6.4 X X X 4.3.8.8.2
Protection requirements 6.3.6.5 X X 4.3
Earthing 6.3.6.6 X X X 4.3.5.3,4.3.5.3.2,
4.3.12
PROTECTIVE EARTHING CDNDUCTOR 6(3.6.7 X X X 4.3.55.2,4.3.10
CURRENT
Special requirements 6.3.6.8 X X
Supply overload protection 6.3.7 X X X
Motor overload protection 6.3.8 X X
Commissioning information 6.3.9 X
For use 6.4
General 6.4.1 X X
Adjustment 6.4.2 X X
Labels, signs, and signals 6.4.3 X X
For maintenance 6.5
Maintenance procedures 6.5.1 X 4.3.3.3
Maintenance schedules 6.5.1 X
Subassembly and component locations 6.5.1 X
Repair and replacement procedures 6.5.1 X

Table 28 Continued on Next Page
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Table 28 Continued

St T e

1 2 3 4 5

Adjustment procedures 6.5.1 X X X

Special tools list 6.5.1 X X

Capacitor discharge 6.5.2 X X 4.3.11

Auto restart/bypass 6.5.3 X X X

PT/CT connection 6.5.4 X X X

Other hazards 655 X %

@ Location: 1. On product (se

® The installation, user’s and
supplied in electronic format
manual with each unit, if acc

¢ For INTEGRATED PDS thq
IEC 60034-1.

e 6.4.3); 2. On packaging; 3. In installation manual; 4. In user’s manual; 5. In maintenance manual.

maintenance manuals may be combined as appropriate and, if acceptable to the customer, may be
When more than one of any product is supplied to a single customer, it is not necessary to supply a
bptable to the customer.

information required for location 1 may be combined with the motor nameplate information required by

Table 28DV D2 Modification to replace Table 28 with the following:
Table 28DV
Marking Locations
Locations®
Clause refer¢nce Required marking® Enclosed Open
GENERAL

6.2 Manufacturers name, trademark, or.

identifier, electrical rating, catalog

number or equivalent B D
6.2DV.1.1 Enclosure environmental'type rating B -
6.2DV.1.2 Type 4X indoor use only B -
6.2DV.1.3 Multiple rated equipment B B
6.2DV.1.4 Liquid cooled.operating pressure B or H® B or H®
6.2DV.1.5 Closing of openings in

environmental enclosures B or H® B or H®
6.2DV.2.1.1 Electrical rating B D
6.2DV.2.1.2 Field supply B D
6.2DV.2.1.3 Range of motors B or H B or H®
6.2DV.2.1.4 Duty cycle B or H® B or H®
6.3.7DV.4.1.2 Marking for supplementary fuse near

fuse holder B or H¢ F or H®
6.3.7DV.4.1.3 Additional wiring protection from

field installed accessory kit B or HE F or H®
6.3.7DV.4.1.4 Additional wiring protection from

non-supplementary fuse B or H® F or H¢
6.3.7DV.6.1 Overcurrent protection for cord-

connected equipment
6.2DV.3.1.1 Marking for more than one factory E E
6.2DV.3.1.1 Class 2 power source externally

accessible B B

Table 28DV Continued on Next Page
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Table 28DV Continued

Locations®
Clause reference Required marking® Enclosed Open
6.2DV.3.1.2 Secondary circuit supplied from a
Class 2 transformer or power source
in the field B B
6.2DV.3.1.3 Secondary circuit supplied from an
external isolating source He He¢
6.3.1DV.1 Notice concerning operating
instructions B or G° B or G°
6.3.2 Mechanical considerations H® H°
3.2 AMBIENT TEMPERATURE if greater
than 40 °C H -
3.3 AMBIENT TEMPERATURE if less
than 40 °C B -
6.3.3DV.1 Maximum surrounding air
temperature for open drives - He
6.3.3DV.2 Suitability for Plenum
INSTALLATION B -
.3.4 Handling and mounting He He
6.3.6.1 Electrical connections H¢ H®
6.3.6.2 Interconnection and wiring diagrams H¢ He
6.3.6.2DV.1 Circuits capable of being connected
to separate supplies and intended to
be connected to common supply He He¢
6.3.6.2DV.2 Equipment with special fitting for
connection H¢ H°
6.3.6.3 Conductor (cable) selection He He
6.3.6.4 Marking for proper connections He He
6.3.6.4 Paragraph 2 Identification of USER TERMINALS See referenced See referenced
clause clause
6.3.6.4DV.1 Torque values marking for field
terminals H¢ H®
Temperature rating of field installed
6.3.6.4DV.1.5 conductors H® H°
Field wiring terminals with aluminum
bodied econnectors or intended for
6.3.6.4DV.1.6 use with aluminum wire B B
Terminal connection of grounded
6.3.6.4DV.1.7 supply conductor He He
6.3.6.4DV.1.9 Marking for low voltage wiring He He
Field wiring terminal marking for wire
6.3.6.4DV.1.10 type (Al, Cu) He He
Field wiring terminal not intended to
6.3.6.4DV.1.11 receive conductor one size larger He He
Maximum conductor allowed in field
wiring terminal of power conversion
equipment suitable for GROUP
6.3.6.4DV.1.14 INSTALLATION H H
Marking for providing terminals
6.3.6.4DV.1.12 separately in terminal kit He He
6.3.6.5 Protection requirements He H°

Table 28DV Continued on Next Page
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Table 28DV Continued

Clause reference

Required marking®

Locations®

Enclosed

Open

6.3.6.6

Earthing and Bonding

See referenced
clause

See referenced
clause

6.3.6.6DV.3

Grounding continuity between
conduit on nonmetal enclosures

HC

Hc

6.3.6.8

Special requirements

Hc

Hc

6.3.6.8DV.1.5

Overload protective device reset kit

B or H®

HC

6.3.7

Overcurrent or short-circuit
protection

Hc

HC

6.3.7DV.2

Required protection by fuses, circuit-
breakers, or Type E combination
motor controllers

B or H¢

F or H®

6.3.7DV.3.1.1

Short circuit rating and overcurrent
protection device rating

B or H¢

BorH°®

6.3.7DV.3.1.2

Integral SOLID STATE SHORT
CIRCUIT PROTECTION

B or H¢

B or H®

6.3.7DV.3.2.1

Power conversion equipment
suitable for GROUP INSTALLATION

BorH

B orH

6.3.7DV.3.2.1

Short circuit rating and fuse
typel/circuit breaker and size of
power conversion equipment for
GROUP INSTALLATION

BlorH

B orH

6.3.7DV.3.2.2

Power conversion equipment for
GROUP INSTALLATION provided
with solid state short circuit
protection in accordance with
4.3.9DV.2.3.

BorH

B orH

6.3.7DV.4

CONTROL CIRCUIT Protection

B or H¢

F or H®

6.3.7DV.4.1.1

Maximum branch circuit protective-
device size corresponding'to the size
of control-circuit wire

B or H¢

F or H®

e
L
©
-

Equipment not incorporating internal
overload protection or
overtemperatuire protection

o
o
©
()

CDM/BDM without thermal memory
retention/or speed sensitivity

e
«
-3
(%)

Equipment with connections for
motors with integral thermal
protection. Information regarding
overload protection in multiple of
current setting, tripping time, and

instructions for adjustment

Information regarding thermal
memory retention and instructions
for adjustment. Information
regarding speed sensitivity and
instructions for adjustment.

Hc

HC

o
»
N

Adjustments

HC

HC

o
»
w

Labels, signs and signals — General
requirements

o
»
w
(%)

Isolators

See referenced
clause

See referenced
clause

Table 28DV Continued on Next Page
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Table 28DV Continued

Clause reference

Required marking?®

Locations®

Enclosed

Open

See referenced

See referenced

6.4.3.4DV Hot surfaces clause clause
Controls, indicating devices, fuses See referenced See referenced

6.4.3.5 and polarity identification clause clause
Separate supplies provided, multiple

6.5DV.1 disconnects required See 6.5DV.2 See 6.5DV.2

6.5DV.3 covers A -

6.5.1 Safety information He He

6.5.2 Capacitor discharge B BorF

6.5.3 Auto restart/bypass connection He He¢

6.5.4 PT/CT connection H¢ HE

See referenced Seereferenced

6.5.5 Other hazards clause clause
LIVE PARTS exposed during

6.5.5DV servicing c c

Annex DVC.1.1.3)5 and Field wired isolated secondary He

DVC.1.1.3.6 circuit separation from other wiring He
Isolating source and protective

Annex DVC.1.5.6 device field installed H° H°
Isolating source and protective

Annex DVC.1.5.7 device field installed — accessory He He
Limiting impedance circuit maximum

Annex DVC.1.7.6(a) voltage to ground B B
Environmental rating for individual

Annex DVD.3.5.3/1 compartments B _
Environmental rating where’blower

Annex DVD.2.4.4)6.4(b) motor B -

Annex DVI.5.1.1 Output motor conductor protection F

CAUTIONARY MARKINGS

Placement of cautionary markings
Instructing-operator or servicing

See referenced

See referenced

6.4.3.1DV.8 instructions clause clause
Control with direct-current motor

6.3.6.4DV.1.13 ratings He HC
Warning for high available fault

6.3.7DV.3.1.1 currents B BorF

ACGCESSORIES

6.3.6.8DV.1 Accessories available for equipment He He

6.3.6.8DV.1.2 New accessories for existing product | |
Manufacturer name, rating and See referenced See referenced

6.3.6.8DV.1.3 catalog number of accessory clause clause
Accessories provided with

6.3.6.8DV.1.4 instructions Gorl Gorl
Kit available for overload protection

6.3.6.8DV.1.5 device G G

In this table, references provided to original clauses indicate that the full clause and any national deviations are
applicable. Where specific different marking requirements are contained in national deviations, those national

Table 28DV Continued on Next Page
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Table 28DV Continued

Clause reference

Required marking®

Locations®

Enclosed

Open

deviation clauses are separately referenced in the table. Where the national deviation replaces the original
clause, only the national deviation clause is referenced in the table. Those original clauses not considered to
be applicable are not referenced in the table.

is not part of the

2 These are a brief summary of marking requirements. For complete details see the specific requirement
reference.

bFor marking locations identified below, “A” is the highest order of location, and “H” is the lowest order of
location. At the option of the manufacturer, a higher order of location category is able to be used. Location “I”

6.2

A. Marking s

B. Marking s

° If marking is orlly provided in location H, then the marking of 6.3.1DV.1 is required.

all be visible when the enclosure cover is on and the door is closed.
all be visible
enclosure cover is removed or the door is open;

her devices are mounted nearby as intended; and

3) When d¢vices are installed side by side with intended clearances.

The marking
C. Marking is

D. Marking is
device, and n

E. Marking is

F. Marking is
is installed in

G. Marking is
H. Marking is

available via

hall not be obscured by attachments such as a disconnect switch operating handle.
on LIVE PARTS.

visible when the device is mounted singularly. The marking is able to'be on the side of the
ped not be visible when the device is mounted next to other devices.

pble to be anywhere on the device and is not required to bewisible after INSTALLATION.

bn a separable, self-adhesive permanent label that is shipped with the device. For a device that
an enclosure, the marking shall be on the inside of the‘enclosure.

on the device or separate sheet provided with the\device.

on wiring diagram or instructional manual shipped with the device, provided in electronic

e manufacturer’s website on the world wide web.

read-only digfal media format, such as a USB storage devcie or other media provided with the device, or

I. Marking is

hipped separately with kit.

Information for s

Each part of a PDs that
function, electrical characteristicsj~and intended environment, so that its fitness for purpose and
compatibility with other
not limited to:

* the name or trademar

blection

is supplied as ‘a_separate product shall be provided with information relating to its

parts of-the PDS can be determined. For cDM/BDM, this information includes, but is

ofthe manufacturer, supplier or importer;

» catalogue number or equivalent;

input and output voltage range, current, and power rating information, including:

* PROTECTIVE CLASS;

— number of phases;

— frequency range;

« the type of electrical supply system (e.g. TN, IT, etc.) to which the PDS/CDM/BDM may be connected;
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* PROSPECTIVE SHORT-CIRCUIT CURRENT rating(s) and protective device characteristics
« field supply requirements (if any);

* coolant type and design pressure for liquid cooled product;

* IP rating;

* operating and storage environment;

* reference(s) to relevanLinternationaI standard(s) for manufacture, test, or use;

« date code, or serial nufnber from which the date of manufacture can be determined;

« reference to instructions for installation, use and maintenance.

The information shall be limited to that which is essential for correct selection to be madé,”and should
relate to specific equipment. If information covers a number of product variants, it shall beZreadily possible
to distinguish between them.

6.2DV.1 D2 Modlification to add the following:

6.2DV.1.1 Power conversion equipment shall be plainly markedwith the enclosure type
rating for enclgsed equipment. Marking of the IP rating is notrequired.

6.2DV.1.2 With reference to DVD.2.1.3.2, a Type 4X enclosure intended for indoor use only
shall be markefl “Type 4X Indoor Use Only” in letters\that are legible and of the same font
and height.

6.2DV.1.3 For equipment intended for use.in various applications that require different
wiring arrangements with corresponding(different capabilities, the information in 6.2 is not
prohibited fronm) being provided in litetrature supplied with the equipment when the
equipment is marked: “Multiple rated.equipment. See instruction manual.” or with an
equivalent statement.

6.2DV.1.4 Liquid cooled equiipment shall be marked with the nominal operating pressure
and the maximpm working pressure.

6.2DV.1.5 Encl¢sures intended for field INSTALLATION of conduit hubs, closure plates, or
other equipment.(such as push-button switches) shall be marked or provided with

instructions that identify the equipment necessary to maintain the environmental Integrity
of the enclosure. This may be accomplished by identifying the necessary environmental
type designation or by identifying the specific manufacturer and model number of the field
installed equipment.

6.2DV.1.6 The type of electrical supply system (e.g. TN or IT) to which the PDs/cDM/BDM may
be connected to is not information required to be included with the PDs/cDM/BDM.
6.2DV.2 D2 Modification to add the following:

6.2DV.2.1 Rating
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6.2DV.2.1.1 Power conversion equipment shall be rated according to:

a) Input.

1) Voltage.

2) Maximum full load current.

3) Number of phases.

4) Frequency.

b) Outppt.

1

K

) Voltage.

) Maximum full load current or maximum horsepower or maximum
illowatts.

) Number of phases.

) Base frequency and frequency range (applies only to alternating current
utputs).

6.2DV.2.1.2 EqLJipment incorporating circuitry for motor field supply shall be rated in field

voltage and m

6.2DV.2.1.3 Fo
arange of mo
controller sha

ximum current capability of the supply.

I single motor operation only, when the equipment is intended for control of
r ratings, the motor power rating and associated input current rating of the
| be provided for each intended motor.

6.2DV.2.1.4 Equipment which operates intermittently shall include a duty cycle rating.

6.2DV.2.1.5PD

a) Strai
460 or 4

5/cDM/BDM shall have one or more of the following input voltage ratings:

jht voltage rating — The rating shall be the line-to-line voltage, for example,
80 volts.

b) Slash voltage rating.- The rating shall have two values, the line-to-line voltage

and the

line-to-ground voltage, for example, 460Y/267 or 480Y/277 volts.

6.2DV.3 D2 Moldification to add the following:

6.2DV.3.1 Class 2 circuit markings

6.2DV.3.1.1 A Class 2 power source shall be durably marked where visible after
INSTALLATION to indicate the class of supply and its electrical rating. A Class 2 power source

not evaluated for use in wet locations shall be marked “Not for use in wet locations” or the

equivalent.

6.2DV.3.1.2 A secondary circuit intended to be supplied from a Class 2 transformer or
power source in the field shall be marked “Class 2” next to the voltage rating of the device
(for example, 30 Vac, Class 2), or the equivalent.
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6.2DV.3.1.3 A secondary circuit evaluated to the requirements in DVC.1.8.1 or DVC.1.8.2 of
Annex DVC shall be provided with INSTALLATION instructions that specify the use of the
isolating source and ratings of the overcurrent protective devices required to be installed
in the field.

6.2DV.4 D2 Modification to add the following:

6.2DV.4.1 Multiple manufacturing locations

6.2DV.4.1.1 When the manufacturer produces or assembles power conversion equipmen
at more than one factory, each finished item of equipment shall have a distinctive marking,
by which it is identifiable as the product of a particular factory.

6.3 Information for installation and commissioning
6.3.1 General

Safe and reliable instdllation is the responsibility of the installer, machine builder, and/or user. The
manufacturer of any part of the PDS shall provide information to support this task. This information shall be
unambiguous, and may pe in diagrammatic form.

6.3.1DV.1 D2 Mpdification to add the following:

Where marking or information is provided in accordance with location designation “H” as
noted in the foptnote section of Table 28DV, the following marking or equivalent is provided
on the device|or on an information sheet provided with the equipment, “WARNING -
Operation of t{his equipment requires detailed INSTALLATION and operation instructions
provided in the INSTALLATION/Operation manualintended for use with this product.

a) If the|marking information is provided on an electronic storage device included
with thg product, the marking shall additionally include the following text, “This
information is provided on-the USB storage device or other storage device included
in the container this device was packaged in. It should be retained with this device
at all times. A hard.copy of this information may be ordered at (###) #it#-Hit# ”,
where the manufacturer's phone number is provided.

world wide\web, the marking shall additionally include the following text, “The
installatjon/operation manual (revision # or version #) is available via the internet at
[URL]. A hard copy of this information may be ordered at (###) #H##-#####". The
manufacturer’s phone number is provided. The URL shall take the installer/operator
directly to an internet page containing a direct link to the manual. The manual shall
be unrestricted and in a file format that is commonly used and downloadable.

b) If thq marking information is provided via the manufacturer’s website on the

6.3.1DV.2 D2 Modification:

Markings required in this document shall include all of the text as specified and may also
include diagrammatic representation. Text in languages other than as specified may also
be provided.
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6.3.2 Mechanical considerations

The following drawings shall be prepared by the manufacturer:
* dimensional drawing, including mass information;

* mounting drawing.

Dimensions, mass, etc., shall be in Sl units.

6.3.2DV D2 Md(dification:

English units may be used.

6.3.3 Environment
The following environmental conditions shall be specified, for operation, transportation and’storage:
» climatic (temperature, [humidity, altitude, pollution, ultra-violet light, etc.);

* mechanical;

* electrical.

NOTE Environmental categorjies as specified in IEC 60721 may be used where appropriate.
6.3.3DV D2 Madification:

6.3.3DV.1 Powgr conversion equipment evaluated in accordance with 5.2DV.4 shall be
marked “Maximum Surrounding Air Temperature __°C”.

6.3.3DV.2 The pptional markings, “Suitable for Installation in a Compartment Handling
Conditioned Afir” or “Suitable foryUse in Other Environmental Air Space in Accordance with
Section 300.22 (C) of the National Electrical Code” shall only be marked on power
conversion equipment that has been evaluated in accordance with requirements for
plenum rated drives.

6.3.4 Handling and

In order to prevent injury or damage, the installation documents shall include warnings of any hazards
which can be experienced during installation. Where necessary, instructions shall be provided for:

* packing and unpacking;
* moving;
« lifting;

« strength and rigidity of mounting surface;
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« fastening;
* provision of adequate access for operation, adjustment and maintenance.

When PDs surfaces at temperatures exceeding 90 °C are close to mounting surfaces, the installation
manual shall contain a warning to consider the combustibility of the mounting surface.

6.3.5 Motor and driven equipment

6.3.5DV DE Deletion:

This informatign is not required.

6.3.5.1 Motor selectign

Where necessary for ¢bm/BDM, information on suitable motor specifications (for example, based on
IEC 60034-1) shall be provided. The possible influence on motor insulation of reflections of the PWM
output waveform shall bg¢ taken into consideration.

6.3.5.2 Motor integrated sensors
Insulation requirements shall be identified (see 4.3.5 and 4.3.6).
6.3.5.3 Critical torsiohal speeds

When required, the PDg supplier shall provide all relevant motor information to enable critical torsional
speeds to be identified (fee 4.5.2.2).

6.3.5.4 Transient torque analysis

When required, the PDs|supplier shall provide alkrelevant electrical and mechanical information to enable
transient torque analysiq to be performed (see 4:5.2.3).

6.3.6 Connections

6.3.6.1 General

Information shall be prqvided-to enable the installer to make safe electrical connection to the PDs. This

shall include information_far protection against hazards (for example electric shack or availability of

energy) that may be encountered during installation, operation or maintenance.
6.3.6.2 Interconnection and wiring diagrams

The installation and maintenance manuals shall include details of all necessary connections, together with
a suggested interconnection diagram.

6.3.6.2DV D2 Modification to add the following:
6.3.6.2DV.1 Equipment incorporating two or more separate circuits that are capable of

being connected to separate power supplies and that are intended to be connected to a
common power supply shall be marked “All circuits must have a common disconnect and
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be connected to the same pole of the disconnect,” or with an equivalent wording. The
wiring diagram of the equipment shall illustrate a typical connection of the various circuits
connected to the common power supply.

6.3.6.2DV.2 Equipment employing a special fitting for the connection to a specific wiring
system shall be marked to indicate that it must be installed with such a wiring system.

6.3.6.3 Conductor (cable) selection

The Installation manual'shall define the voltage and current levels Tor all connections 10 the PDS/CDM/BDM,
together with cable ingulation requirements. These shall be worst-case values, taking into account
overcurrent and overlogd conditions and the possible effects of non-sinusoidal currents.

6.3.6.4 Terminal capacity and identification

The installation and maintenance manuals shall indicate the range of acceptable conductor sizes and
types (solid or strandgd) for all terminals, and also the maximum number of conduetors which can
simultaneously be corjnected. For USER TERMINALS, the manuals shall specify the,requirements for
tightening torque valugs and also the insulation temperature rating requirements\for the conductor or
cable.

The identification of all JUSER TERMINALS shall be marked on the PDS/CDM/BDM; either directly or by a label
attached close to the tefminals.

6.3.6.4DV D2 Modification:
6.3.6.4DV.1 Tightening torque

6.3.6.4DV.1.1 Tightening torque values shallbe indicated in English (Metric) units. The
tightening torque for a field-wiring terminal-shall be as specified by the power conversion
equipment manufacturer and shall be‘marked as specified in 6.3.6.4DV.1.4, except as noted
in 6.3.6.4DV.1.8. Except as noted in 6.3:6.4DV.1.2, the specified tightening torque shall not
be less than 90 percent of the value employed in the static heating test as specified in the
requirements |n the Standard for Wire Connectors, UL 486A-486B or the Standard for
Equipment Wifing Terminals\for Use With Aluminum and/or Copper Conductors, UL 486E,
for that wire size corresponding to the ampere rating of the power conversion equipment.

6.3.6.4DV.1.2 The value of tightening torque is not required to be 90 percent of the value
specified when the connector is investigated in accordance with UL 486A-486B or UL 486E,
with the lesse i

6.3.6.4DV.1.3 A field-wiring terminal intended only for the connection of a CONTROL CIRCUIT
conductor is not required to be marked with a value of tightening torque when tested in
accordance with the applicable requirements in UL 486A-486B or UL 486E, with a value of
tightening torque of 7 Ibf-in (0.8 N-m).

6.3.6.4DV.1.4 With reference to 6.3.6.4DV.1.1, equipment shall be marked to show a range of
values or a nominal value of tightening torque in pound-inches to be applied to the
clamping screws of all terminal connectors for field wiring. The marking is able to be
located adjacent to the terminal or on the wiring diagram.
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6.3.6.4DV.1.5 Equipment shall be marked to indicate the temperature rating, 60 °C only,
60/75 °C, or 75 °C only, used in the evaluation of the power field wiring terminals. Control
terminals are not required to be marked to indicate the temperature rating.

6.3.6.4DV.1.6 Field wiring terminals with aluminum bodied connectors or intended for use
with aluminum wire shall be marked AL7CU or AL9CU as appropriate based on the results
of the temperature test (see Table 15DV footnote j, k and I).

6.3.6.4DV.1.7 A terminal for the connection of a grounded supply circuit conductor shall be
identified by means of a metallic plated coatlng substantlally whlte in color and shaII be
readily distingygishak he-termin
the connection of the grounded supply cwcmt conductor shall be clearly shown in some
other manner, $uch as on an attached wiring diagram. When wire leads are provided, the
lead intended tp be connected to a grounded supply circuit shall have a white or gray color
and shall be readily distinguishable from other leads.

6.3.6.4DV.1.8 Alsingle white terminal — in other than a single-pole device — for the
connection of an ungrounded conductor shall not be provided, however, twolor-more white
terminals may pe provided when:

a) It does not make any difference how line connections are made;

b) It is opvious which terminal is intended for the connection of the grounded
conducfor; or

c) The lihe connections are plainly indicated on a wiring diagram.

6.3.6.4DV.1.9 When low-voltage equipment or a part of\low-voltage equipment is intended
to be field wirefl, the equipment shall comply with the following:

a) When|it is intended to become only part of a Class 1 circuit the terminals shall be
marked pccordingly;

b) When it is intended to become,only part of a Class 2 circuit wired with Class 1
wire, thg terminals shall be marked accordingly;

c) When| Low-voltage swit¢ching or power-consuming equipment or a part of
equipment is intended\to become part of a Class 2 circuit only, the terminals shall be
marked pccordingly;

d) A lowtvoltage-power-supply device that includes a transformer is not required to
be markgd to indicate that it is acceptable for use in a Class 2 circuit only;

e) Low-voltage equipment or a part of equipment that Is intended for connection to
either a Class 1 or a Class 2 circuit is not required to be marked.

6.3.6.4DV.1.10 Equipment having field-wiring terminals shall be marked:

a) “Use Copper Conductors Only” when the terminal, other than a CONTROL CIRCUIT
terminal, is intended only for connection to copper wire.

b) “Use Aluminum Conductors Only” when the terminal is intended only for
connection to aluminum wire.

c) “Use Copper or Aluminum Conductors” or “Use Copper, Copper-Clad Aluminum,
or Aluminum Conductors” when the terminal is intended for connection to either
copper or aluminum wire.
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d) “Use
intende

6.3.6.4DV.1.11
than that spec
conductor.

6.3.6.4DV.1.12

Copper-Clad Aluminum or Copper Conductors” when the terminal is
d for connection to either copper or copper-clad aluminum wire.

A wiring terminal that is not intended to receive a conductor one size larger
ified in 4.3.8.8.2DV.5 shall be marked to restrict its use to the smaller size

When leads, wire binding screws, or pressure wire connectors are not

provided on the equipment as shipped, the equipment shall be marked stating which
connector or component termlnal klts are mtended for use with the

pressure wire
equipment. A
the equipmen
of the conduc

manufacturer’s

6.3.6.4DV.1.13

at the factory with instructions, when reqwred to effect proper connectlon
or. A terminal kit shall carry an identifying marking, wire size, and
name or trademark.

A control with direct-current motor ratings that does not comply with the

requirementsrLt 4.3.8.8.2DV.1(e) shall be marked with the word “WARNING” and.the

following or t

wave rectifier’
shall be marke
connecttoac

6.3.6.4DV.1.14
INSTALLATION,

conductors th

5.2.3.6DV.1.1.1].

6.3.6.5 Protectionre

The installation, users

than ELv, and shall des
ELV parts of a PDS/CDM

provided in the installati

The manuals shall also
maintained during insta

The manuals shall prg
BONDING.

The installation, users,
protected by one of the

equivalent, “Do not connect to a circuit supplied by a single“phase, half-
; and a control that does not comply with the requirements in'4.3.8.8.2DV
d with the word “WARNING” and the following or the equivalent, “Do not
rcuit supplied by a single-phase rectifier of the half-wave or full-wave type.

A field wiring terminal of power conversion equipment intended for GROUP
s described in 5.2.3.6DV.1.1.2, shall be marked to restrict its use to

t have a maximum size of that used when tested in accordance with

fuirements

bnd maintenance manuals shall-identify any accessible parts at voltages greater

cribe the insulation and separation provisions required for protection. Accessible
BDM which are of PROTECTIVE CLASS 0 shall be clearly identified, and instructions

pon manual to increase the protection against indirect contact.

indicate the precautions to be taken to ensure that the safety of ELV connections is
lation.

vide inStructions for the use of PELV CIRCUITS within @ ZONE OF EQUIPOTENTIAL

methods of 4. 342to4344

6.3.6.5DV D2 Modification:

Requirement for insulation and separation provisions are only applicable to USER TERMINALS

and are based

6.3.6.6 Earthing

The installation manual

on circuits exceeding DECISIVE VOLTAGE CLASS A.

shall specify requirements for safe earthing of the PDS/CDM/BDM.
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The installation and maintenance manuals for HIGH-VOLTAGE PDS shall provide instructions for the use of an
earthing switch to ensure safe access during maintenance.

Terminals for connection of the PROTECTIVE EARTHING CONDUCTOR shall be clearly and indelibly marked
with the symbol IEC 60417-5019 (2006-08) (see Annex H), or with the letters PE, or by the colour coding
green or green-yellow. The indication shall not be placed on or fixed by screws, washers or other parts
which might be removed when conductors are being connected.

Equipment of PROTECTIVE CLASS Il shall be marked with symbol IEC 60417-5172 (2003-02) (see Annex H).
Where such equipment has prOV|S|on for the connection of an earthing conductor for functional reasons
(see 4.3.5.6) it shall be rp v - :

6.3.6.6DV D1 Modification to add the following:

6.3.6.6DV.1 A pressure wire connector intended for connection of a field-installed
equipment grounding conductor shall be green colored or plainly identified, suchias being
marked “G,” “GR,” “GRD,” “Ground,” “Grounding,” or similar designation, or with the
grounding symbol @ (IEC Publication 60417, Symbol 5019). The use of the symbol without

the circle is permitted (symbol 5017 of IEC 60417). The notation “PE” or “PEN” shall not be
used as the sole means marking of identifying the terminal.

6.3.6.6DV.2 The marking required for enclosures that are intendedfor field assembly of the
bonding means in accordance with 4.3.5.3.1DV.2.1.3 shall:

a) Be lo¢ated where visible during INSTALLATION, such as inside the cover; and

b) Cons|st of the word “WARNING” and the following or the equivalent, “Bonding
betweern conduit connections is not automatic and must be provided as a part of the
installatjon”; or the word “WARNING” and the following or equivalent, “Nonmetallic
enclosufe does not provide grounding between conduit connection. Use grounding
bushian and jumper wires.”

grounding between any conduit provision shall be marked that only one conduit is to be

6.3.6.6DV.3 Anfnclosure of insulating material that has no means for continuity of
connected to the enclosure.

6.3.6.7 PROTECTIVE EARTHING CONDUCTOR current

Where the TOUCH CURRANT in the PROTECTIVE EARTHING CONDUCTOR (see 4.3.5.5.2) exceeds 3,5 mA a.c. or
10 mA d.c., this shall bg] stated in the installation and maintenance manuals. In addition, a caution symbol

ISO 7000-0434 (2004-07T) (see Annex H) shall be placed on the product, and a notice shall be provided in
the installation manual to instruct the user that the minimum size of the PROTECTIVE EARTHING CONDUCTOR
shall comply with the local safety regulations for high PROTECTIVE EARTHING CONDUCTOR current
equipment.

The installation and maintenance manuals shall indicate compatibility with RCDs (see 4.3.10).

When 4.3.10 b) applies, a caution notice and the symbol ISO 7000-0434 (2004-01) (see Annex H) shall be
provided in the user manual, and the symbol shall be placed on the product. The caution notice shall be:
“This product can cause a d.c. current in the protective earthing conductor. Where a residual current-
operated protective (RCD) or monitoring (RCM) device is used for protection in case of direct or indirect
contact, only an RCD or RCM of Type B is allowed on the supply side of this product..” (See 6.4.3 for
general requirements for labels, signs and signals.)
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6.3.6.7DV D2 Deletion:

This does not apply.

6.3.6.8 Special requirements

Any particular cable and connection requirements shall be identified in the installation and maintenance
manuals.

6.3.6.8DV D1 Modification to add the following:
6.3.6.8DV.1 Indtructions and markings pertaining to accessories

6.3.6.8DV.1.1 The equipment markings shall include identification of an accessory to.be
attached in the field, or a reference to a separate publication that identifies all such
accessories. Hor equipment such as an open device for which the required marking is on a
separate sheet, the accessory information is also capable of being on the separate sheet.

6.3.6.8DV.1.2 When a new accessory has been designed for an existing product, the
accessory shdll be marked with the identification of the equipment on which it is intended
to be used.

6.3.6.8DV.1.3 An accessory that is not shipped from the factory in the same carton as the
equipment with which it is intended to be used shall be plainly marked with:

a) The manufacturer’s name, trademark, or other descriptive marking by which the

the accessory when the accessory electrical rating is marked on the equipment for
which it is intended.

6.3.6.8DV.1.4 An accessory shall be provided with INSTALLATION and wiring instructions.

6.3.6.8DV.1.5 When an overload-protective device is provided within an enclosure that does
not have a hinged cover, and a kit is available for resetting the device from outside the
enclosure, in gccordance with DVD.2.4.8.2(d) the kit number shall be marked on the
enclosure or i the INSTALLATION instructions.

6.3.6.8DV.2 Instructions pertaining to connection to photovoltaic (PV) modules

6.3.6.8DV.2.1 Adjustable speed POWER DRIVE SYSTEMS, or their elements intended to receive
power partially or fully from photovoltaic modules or panels shall specify that the
photovoltaic modules or panels used shall comply with UL 1703. Products that require the
use of specific PV module sources shall specify the manufacturer and model of the
modules or panels. The instructions shall provide the maximum open circuit voltage and
short circuit current rating of each input which is intended for use with a PV source.

6.3.6.8DV.2.2 A BDM/CDM/PDS’s ratings shall not directly utilize or reference UL 1703 PV
module nameplate ratings. The standard PV module abbreviations "l.." and "V,." shall not
be used to state ratings for a drive intended for use with PV.
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NOTE I, and V,. are associated with STC (standard test condition) ratings for PV modules in accordance with

NFPA 70 (National

6.3.6.8DV.2.3 T

Electrical Code) clauses 690.8 and 690.9.

he installation instructions for the equipment shall indicate that wiring

between PV modules, PV panels or PV arrays and the equipment input shall be in
compliance with NEC article 690. If the PV modules, panels, or arrays are not included with

the BDM/CDM/PD

s, the installation instructions shall specify that the BDM/CDM/PDS be used

only with PV panels in compliance with UL 1703.

6.3.7 Overcurrent or shart-circuit protection

Where external device
manual shall specify the

5 are necessary to protect against overcurrent or short-circuit, the installatian
required characteristics (see also 5.2.2.2,5.2.3.6.2, 5.2.4.2).

When the cbmBDM cgmplies with the requirement of 4.3.9, the manufacturer shall state. that the
ELECTRONIC POWER OUTPUT SHORT-CIRCUIT PROTECTION CIRCUITRY meets the requifements of

IEC 60364-4-41:2005/A

MD1:—, Clause 411.

In addition, the manufagturer shall specify under which conditions the ELECTRONIC POWER OUTPUT SHORT-
CIRCUIT PROTECTION CIRGUITRY can be applied (e.g. limit of cable length, wire size, shielded or not shielded,

protective earth impedance, supply earthing system).

6.3.7DV.1 D2 Mpdification:

6.3.7DV.1.1 For

open type BDM/CDM, when overcurrent protective devices are included in the

fault path on tI’E output of a DC link, the installation instruction shall specify that the

protective devi

e be included in the same overall enclosure as the BDM/CDM.

6.3.7DV.1.2 Thg second paragraph is not applicable because compliance with IEC 60364-4-

41:2005/AMD1

s not applicable in the United States.

6.3.7DV.1.3 The third paragraph is not/applicable.

6.3.7DV.2 D2 Mpdification to add the following:

A drive protec

ted by fuses (either semiconductor or non-semiconductor types), circuit

breakers (either inverse-time or instantaneous trip types), or Type E combination motor

controllers, siz

ed.in~accordance with 5.2.3.6.2DV.4.1.6, 5.2.3.6.2DV.4.1.9, 5.2.3.6.2DV.4.1.7,

5.2.3.6.2DV.41

8,5.2.3.6.2DV.4.1.11, 5.2.3.6.2DV.4.1.12, or 5.2.3.6.2DV.4.1.14 shall be marked

as noted below:

a) For n

on-semiconductor fuse types, the marking shall include the Class — when

other than Class H or K5 — and the voltage and current or voltage and percent of the

full-load

b) For s

motor output current rating.

emiconductor fuse types, the marking shall include the fuse manufacturer

and fuse model number (no fuse rating marking is required). This marking shall also
state that the drive controller and overcurrent protection device must be integrated
within the same OVERALL ASSEMBLY;

c) For current limiting circuit breakers, the marking shall include voltage and current
or voltage and percent of the full-load motor output current rating. The marking shall
also include the manufacturer and model number of the circuit breaker;
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d) For non-current limiting inverse-time circuit breaker types, the marking shall
include voltage and current or voltage and percent of the full-load motor output
current rating;

e) For instantaneous trip circuit breaker types, the marking shall include the breaker
manufacturer and breaker model number (no breaker rating marking is required).
This marking shall also state that the drive controller and overcurrent protection
device must be integrated within the same OVERALL ASSEMBLY; or

f) For Type E combination motor controllers, the marking shall include the motor
controller manufacturer, model number, RATED VOLTAGE and rated HP.

6.3.7DV.3 D2 Modification to add the following:

6.3.7DV.3.1 Branch circuit short circuit protection

6.3.7DV.3.1.1 Bower conversion equipment shall be marked “Suitable For Use On A Circuit
Capable Of Deflivering Not More Than rms Symmetrical Amperes,

olts Maximum.” The ampere rating is not to be more than-the value for which
the controller was tested in accordance with 5.2.3.6. When tested in accordance with
5.2.3.6.2.1DV.4, the marking shall also include the following or the.equivalent:

a) “Wh]n Protected by Class Fuses,” or
b) “When Protected By A Circuit Breaker Having An.Interrupting Rating Not Less
Than _| rms Symmetrical Amperes, Volts Maximum.”

6.3.7DV.3.1.2 Rower conversion equipment provided with SOLID STATE SHORT CIRCUIT
PROTECTION in accordance with 4.3.9DV.2.3 shall be marked “Integral solid state short

circuit protectjon does not provide branch circuit protection. Branch circuit protection
must be providled in accordance with the National Electrical Code and any additional local
codes,” or the|equivalent.

6.3.7DV.3.1.3 Reference to relevant International Standards is not required.
6.3.7DV.3.2 Branch circuit shortcircuit protection for GROUP INSTALLATION

6.3.7DV.3.2.1 Hor GROUP\INSTALLATION, power conversion equipment as described in
5.2.3.6DV.1.1.2 shall-be-marked with the following or the equivalent:

a) When tested using both fuses and circuit breakers of the maximum allowable

size: “%ﬁmm
more than ___ rms symmetrical amperes, ___ V max.” When tested with other

than Class H or K5 fuses, the marking shall additionally state: “When protected by
Class ___ fuses.” When specified for a high fault short circuit rating, the marking

shall additionally state: “Class ____ fuses” or “A circuit breaker having an

interrupting rating not less than ___rms symmetrical amperes, ____ V maximum;”

b) When tested using only fuses rated at the maximum size specified in
5.2.3.6DV.1.1.3(b), the marking shall additionally state: “When protected by fuses”
or, when tested with other than Class H or K5 fuses, “When protected by Class ____
fuses.” When specified for a high fault short circuit rating, “When protected by
Class ___ fuses;”
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c) When
size spe

tested using branch circuit protective devices rated less than the maximum
cified in 5.2.3.6DV.1.1.3(b), the marking shall additionally state: “when

protected by (A) with a maximum rating of (B)” where:

A) The type of overcurrent protective devices, either “fuses” or “a circuit

b

When specified for a high fault short circuit rating, “Class ___
circuit breaker having an interrupting rating not less than
symmetrical amperes,

reaker.” When tested with other than Class H or K5 fuses, “Class ___ fuses.”
fuses” or “A
__rms

V maximum;”

B) The maximum ampere rating of the overcurrent protective device used for

6.3.7DV.3.2.2P
protection in a
in 5.2.3.6DV.1.1

an ea

OUP INSTALLATION for Standard Fault Currents or 5.2.3.6DV.1.4 and
2.3.6DV.1.6, Breakdown of Components Test — GROUP INSTALLATION for High
Flault Currents.

pwer conversion equipment provided with solid state short circuit
ccordance with 4.3.9DV.2.3 and intended for GROUP INSTALLATION as.described
.2, shall be marked in accordance with 6.3.7DV.3.1.2, or the equivalent.

6.3.7DV.4 D2 Mpdification to add the following:

6.3.7DV.4.1 con

6.3.7DV.4.1.1 In
not required dy
the branch cirg
or instructions
4.3.8.1DV.1.

6.3.7DV.4.1.2R

TROL CIRCUIT protection

accordance with 4.3.8.1DV.1.1.5, when the*additional wiring protection is

e to the rating or trip setting of an instantaneous trip circuit breaker used as
uit short circuit protection, then the drive shall be provided with a marking
indicating the maximum wiring protective device size required by Table

pgarding the requirement in'4.3.8.1DV.1.1.6(f), when a supplementary fuse is

being relied upon for compliance with-this'requirement, then a replacement marking or

instructions sh

6.3.7DV.4.1.3 In

all be provided that includes the voltage and current rating of the fuse.

accordance with 4.3.8.1DV.1.1.7, when a field installed accessory kit is

being relied u
provided with

6.3.7DV.4.1.4
supplementar
the fuse-holde

4.3.8.1DV.1.1.6,

the maximum f

n to provide the additional wiring protection, then the drive shall be
marking or-instructions to identify this kit.

garding the requirement in 4.3.8.1DV.1.1.8, when a fuse (other than
) is'hbeing relied upon to prowde the addltlonal wiring protection and when
ired by

then the drive shall be provided with a marking or instructions identifying
use size.

6.3.7DV.5 D2 Modification to add the following:

6.3.7DV.5.1 Hig

h available fault current — damage warning

6.3.7DV.5.1.1 Power conversion equipment intended for use on circuits having high
available fault currents as indicated in 5.2.3.6.2.1DV.2.2 shall be marked with the word
“WARNING” and the following or equivalent, “The opening of the branch-circuit protective

device may be

an indication that a fault current has been interrupted. To reduce the risk of
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fire or electric

shock, current-carrying parts and other components of the controller should

be examined and replaced if damaged. If burnout of the current element of an overload

relay occurs, t

he complete overload relay must be replaced.”

6.3.7DV.6 D2 Modification to add the following:

6.3.7DV.6.1 Cord-connected equipment overcurrent protection

6.3.7DV.6.1.1 When required by 4.3.8.7DV.5.4, cord-connected equipment shall be marked

with the voltad

6.3.8 Motor overload

6.3.8.1 cDM/BDM not i
PROTECTION

If the cbm/BDM does no
the installation manual

e and ampere rating of the required overcurrent protection.

protection and overtemperature protection

hcorporating internal ELECTRONIC MOTOR OVERLOAD and overtemperature

incorporate ELECTRONIC MOTOR OVERLOAD or motor overtemperature PROTECTION,
bhall indicate that these motor protection features are not provided.

6.3.8.1DV D2 Modification:

See Table 28D
6.3.8.2 cDMm/BDM inco
protection

If required by 4.4.6, the
protection shall provide

a) protection in multiple

b) tripping time;

V for marking locations.

rporating internal ELECTRONIC MOTOR OVERLOAD and overtemperature

installation and maintenance, manuals of CDM/BDM incorporating internal overload
all of the following information:

of current setting;

c) instructions for adjusiment.

If the internal ELECTRON
and maintenance mant

IC.MOTOR OVERLOAD PROTECTION has THERMAL MEMORY RETENTION, the installation
als’/of cbm/BDM shall provide information about the behaviour. When the THERMAL

MEMORY RETENTION is adjustable, the manuals shall be provided with instructions for adjustment.

If the internal ELECTRONIC MOTOR OVERLOAD PROTECTION does not have THERMAL MEMORY RETENTION,
information shall be provided in the installation and maintenance manuals.

If the internal ELECTRONIC MOTOR OVERLOAD PROTECTION is speed sensitive, the installation and

maintenance manuals
sensitivity is adjustable,

of com/BDM shall provide information about the behaviour. When the speed
the manuals shall be provided with instructions for adjustment.

If the internal ELECTRONIC MOTOR OVERLOAD PROTECTION is not speed sensitive, information shall be

provided in the installati

on and maintenance manuals.
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6.3.8.2DV D2 Modification:

See Table 28DV for marking locations.

6.3.9 Commissioning

If COMMISSIONING TESTS are necessary to ensure the electrical and thermal safety of a PDS, information to

support these tests shall be provided for each part of the PDS. This information can depend on the specific
INSTALLATION, and close cooperation between manufacturer, installer, and user can be required.

Commissioning informgtion shall include references to hazards that might be encountered during
commissioning, for example those mentioned in 6.4 and 6.5.

6.3.9DV D2 Deletion:

These requirements are not considered part of the specifications for certification:

6.4 Information for use
6.4.1 General

The user's manual shdll include all information regarding the safe .operation of the PDS/CDM/BDM. In
particular, it shall identify any hazardous materials and risks of electrical shock, overheating, explosion,
excessive acoustic noisg, etc.

The manual should also|indicate any hazards which can result/from reasonably foreseeable misuse of the
PDS.

6.4.1DV D2 Modification to replace 6.4.1. with the following:

For certificatiIn purposes, identification in the manual of those hazards and risks
specifically addressed in this standard is considered to be sufficient.

6.4.2 Adjustment

The user's manual shall give details of all safety-relevant adjustments intended for the user. The
identification or functionrof each control or indicating device and fuse shall be marked adjacent to the item.

Where it is not possible to do this on the product, the information shall be provided pictorially in the
manual.

Maintenance adjustments may also be described in this manual, but it shall be made clear that they should
only be made by qualified personnel.

Clear warnings shall be provided where excessive adjustment could lead to a hazardous state of the
PDS/CDM/BDM.

Any special equipment necessary for making adjustments shall be specified and described.
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6.4.3 Labels, signs a

6.4.3.1 General

nd signals

Labelling shall be in accordance with good ergonomic principles so that notices, controls, indications, test

facilities, fuses, etc., a
identification.

re sensibly placed and logically grouped to facilitate correct and unambiguous

All safety related equipment labels shall be located so as to be visible after installation or readily visible by

opening a door or remo

Where a hazard is pres
The label shall be visibl

Labels shall:
» wherever possible, us

« if no international sym
with a particular technic

* be conspicuous, legibl
* be concise and unamf
« state the hazards invo

When instructing the peg

ving a cover.

ent after the removal of a cover, a warning label shall be placed on the equipment:
b before the cover is removed.

b international symbols as given by ISO 3864, ISO 7000 or IEC 604 17;

bol is available, be worded in an appropriate language or in alanguage associated
al field;

e and durable;
iguous;
ved and give ways in which risks can be reduced.

rson(s) concerned as to

what to avoid: the wordling should include “no”, “do not™; or “prohibited”;

» what to do: the wording should include “shall” \of “must”;

* the nature of the haz
* the nature of safe co

Safety signs shall comp

” o«

ard: the wording should include “caution”, “warning”, or “danger”, as appropriate;
hditions: the.wording should include the noun appropriate to the safety device.

ly with SO 3864.

The signal words indical

ted-hereinafter shall be used and the following hierarchy respected:

* DANGER to call attention to a high risk, for example: “High voltage”

* WARNING to call attention to a medium risk, for example: “This surface can be hot.”

* CAUTION to call attention to a low risk, for example; “Some of the tests specified in this standard involve
the use of processes imposing risks on persons concerned.”

Danger, warning and
“WARNING”, or “CAUT
such markings shall be

caution markings on the PDS shall be prefixed with the word “DANGER”,
ION” as appropriate in letters not less than 3,2 mm high. The remaining letters of
not less than 1,6 mm high.
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6.4.3.1DV D2 Modification:

6.4.3.1DV.1 A marking on the product or in the instruction manual that is intended to inform
the user of a risk of injury to persons or property damage shall comply with 6.4.3.1 in
addition to 6.4.3.1DV.2 — 6.4.3.1DV.11.

6.4.3.1DV.2 The location of the cautionary markings and instructions shall be in
accordance with Table 28DV.

6.4.3.1DV.3 Required cautionary markings shall not be located solely on a part that is
removable unlegssTemovalof thepartimpairs theoperatiomorappearanceof the——————

equipment.

6.4.3.1DV.4 Unless specifically identified in this standard, the use of international symbols
or signs is not required.

6.4.3.1DV.5 The signal word hierarchy shall be observed as a minimum. For example,
“Danger” may pe substituted for either “Warning” or “Caution” but not vice-versa.

6.4.3.1DV.6 The Standard for Product Safety Signs and Labels, NEMA Z535.4 provides
additional information with respect to markings, symbols, and color coding.

6.4.3.1DV.7 Letter heights are applicable to pPDs, cbm and BDM.

6.4.3.1DV.8 A cputionary marking intended to instruct the operator shall be legible and
visible to the operator during normal operation of the equipment. A marking that provides
servicing instryictions shall be legible and visible when'such servicing is being performed.

6.4.3.1DV.9 Pefimanence of Marking — All markings that are required to be on the product
shall be moldefl, die-stamped, paint-stenciled, stamped or etched metal that is permanently
secured, or indelibly stamped lettering on'a-pressure-sensitive label secured by adhesive.
Usage, handling, storage, and similar,conditions to which the product is exposed are to be
applied in the determination of the permanency of a marking in accordance with the
Standard for Marking and Labeling:Systems, UL 969.

6.4.3.1DV.10 Unless specified.otherwise in individual marking requirements, when deciding
which signal wprd to use,‘the following definitions apply:

DANGE
resulti

— Indicates an imminently hazardous situation which, if not avoided, will
death or serious injury.

WARNING =Tndicates a potentially hazardous situation which, if not avoided, could
result in death or serious injury.

Caution — Indicates a potentially hazardous situation which, if not avoided, could
result in minor or moderate injury.

Notice — Indicates a potentially hazardous situation which, if not avoided, could
result in property damage or other situation not related to personal injury.

6.4.3.1DV.11 The signal word “NOTICE” shall not be used when a risk of personal injury is
involved.
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6.4.3.2 Isolators
Where an isolating device is not intended to interrupt load current, a warning shall state:
DO NOT OPEN UNDER LOAD.

The following requirements apply to any supply isolating device which does not disconnect all sources of
power to the PDS.

* If the isolating device is mounted in an equipment enclosure with the operating handle externally
operable, a warning |
disconnect all power to the PDs.

» Where a control circyit disconnector can be confused with power circuit disconnectors due to size or
location, a warning lapel shall be provided adjacent to the operating handle of the controly circuit
disconnector stating th3gt it does not disconnect all power to the PDS.

6.4.3.2DV D2 Modification to replace 6.4.3.2 with the following:

These requirements are applicable to PDS, cDM and BDM.

6.4.3.3 Visual and audible signals

Visual signals such as|flashing lights, and audible signals such as sirens, may be used to warn of an
impending hazardous ejvent such as the driven equipment start-upland shall be identified.

It is essential that these|signals:
* are unambiguous;
* can be clearly perceived and differentiated from_all other signals used;
* can be clearly recogniked by the user;

« are emitted before the|occurrence:of'the hazardous event.

It is recommended that higher'frequency flashing lights be used for higher priority information.

NOTE IEC 60073 provides glidance on recommended flashing rates and on/off ratios.

6.4.3.3DV D2 Deletion:

These requirements are not considered part of the specifications for certification.

6.4.3.4 Hot surfaces

Surfaces which can exceed the temperature limits of Table 16 shall be marked with the warning symbol
IEC 60417-5041 (2002-10) (see Annex H). The user’s manual shall also contain this information.
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6.4.3.4DV D2 Modification to replace 6.4.3 with the following:

All enclosure surfaces subject to casual contact and in excess of the maximum
temperatures specified in Table 16 shall be marked “WARNING” and the following or
equivalent: “Hot Surface — Risk of Burn”.

6.4.3.5 Equipment marking

The identification of each control or indicating device and fuse shall be marked adjacent to the item.
Replaceable fuses shall[be marked with Their rating and time characteristics. Vhere It IS not possible 10 do
this on the product, the ipformation shall be provided pictorially in the manual.

Appropriate identification shall be marked on or adjacent to each movable connector.
Test points shall be indiidually marked with the circuit diagram reference.
The polarity of any polarjzed devices shall be marked adjacent to the device.

The diagram reference gnd if possible the function shall be marked adjacent to each’pre-set control in a
position where it is clear]y visible while the adjustment is being made.

6.4.3.5DV D2 Modification:
6.4.3.5DV.1 Time characteristics for fuses refers only to non-time delay and time delay

ratings.

polarity, no mafking is required. Polarity markings are only required for user or

6.4.3.5DV.2 thre the physical characteristics of devices or connectors determine the
maintenance r¢placeable components.

6.5 Information for mpintenance

6.5DV D2 Modification to add the following:

6.5DV.1 When more thancone disconnect switch is required to disconnect all power within a
control assembly or compartment, the assembly or compartment shall be marked with the
word “WARNING”-and the following or the equivalent, “Risk of Electric Shock — More than
one disconnect switch is required to de-energize the equipment before servicing.”

6.5DV.2 The marking required by 6.5DV.1 shall be in a permanent location on the outside of
the equipment or on a stationary fixed, nonremovable part inside the equipment. The cover
is not considered to be a stationary fixed, nonremovable part.

6.5DV.3 Enclosures provided with removable covers, as noted in DVD.2.4.8.2(e), shall be
marked “WARNING” and the following: “RISK OF SHOCK — Disconnect Power Before
Removing Cover.”
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6.5.1 General

Safety information shall

be provided in the maintenance manual including, as appropriate, the following:

* preventive maintenance procedures and schedules;

« safety precautions during maintenance (for example, the use of earthing switches for HIGH-VOLTAGE PDS);

* location of LIVE PARTS that can be accessible during maintenance (for example, when covers are

removed);

+ adjustment procedure
* subassembly and con

+ any other relevant info
NOTE 1 These may best be g

NOTE 2 A list of special tools

ponent repair and replacement procedures;

rmation.
resented as diagrams.

should be provided, when appropriate.

6.5.1DV D2 Mddification:

A maintenanc|
applicable. In
information an

e manual is not required and the items specified are only provided when
formation typically provided includes ‘commissioning and adjustment
d instructions on renewable or resettable‘components.

6.5.2 Capacitor discharge

When the requirements
(2002-10) 7 (see Anne
placed in a clearly visib
the capacitor(s) concer
required for the capaci
installation and mainten

of the first sentence of 4.8./11 are not met, the warning symbol IEC 6041-5036
X H) and an indication 6f the discharge time (for example, 45 s, 5 min) shall be
le position on the enclosure, the capacitor protective barrier, or at a point close to
hed (depending onthe construction). The symbol shall be explained and the time
ors to discharge\after the removal of power from the PDs shall be stated in the
ance manuals.

6.5.2DV D2 Mddification:

The marking

required for th

6.5.3 Auto restart/by

;hall be located where clearly visible to the user prior to accessing the

charged circult:
Shock,” followed by instructions to discharge the specific

capacitor or indicating the time
e capacitor to discharge to a level below 50 V DC.

pass connection

If a cbm/BDM can be configured to provide automatic restart or bypass connection, the installation, user

and maintenance manu

als shall contain appropriate warning statements.

A PDs which is set to provide automatic restart or bypass connection after the removal of power shall be
clearly identified at the INSTALLATION.
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6.5.3DV D1 Modification:

The requirement in the first paragraph also applies to a PDS that can be configured to
provide automatic restart or bypass connection. The second paragraph is outside of the
jurisdiction of a product certifier.
6.5.4 PT/CT connection
A PDS which has monitoring or control functions using a potential transformer (PT) supplied from high
voltage, or a current trallisformer (CT) supplied from a high current connection, shall be clearly marked t0
show the possible hazafds of voltage transients upon disconnection of the secondary circuit. The hazards
shall also be described ip the installation and maintenance manuals.

6.5.4DV D2 Modgification:

Identification and warning statements are only required in manuals.

6.5.5 Other hazards

The manufacturer shall jdentify any components and materials of a PDS whichyrequire special procedures
to prevent hazards.

6.5.5DV D1 Modification:

A live heat sink or other part mistaken as dead metal and exposed to persons shall be
marked with the word “CAUTION” and the following or equivalent, “Risk of Electric Shock
— Plates (or other word describing the type of part) are live — Disconnect Power Supply
Before Servicing.” The marking shall be located on the LIVE PART.
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Annex A
(informative)

Examples of protection in case of direct contact
A.1 General

Figure A.1 to Figure A.3 show examples of the methods used for protection in case of dir ect contact (see
4.34).

-------- Protection against direct contact
—+—+—+—-—-—-—-1. PROTECTIVE SEPARATION from circuits requiring protection against direct
- contact
A.2 Protection by means of bvc A
(See4.34.2)
"""""""""" ': r
|
I
L
I
Ut L Uz
I )
R
I *
I R B I
|
: IEC 266/03
SN
su0594 -
Key
U,: hazardous voltage, earthgd or unearthed.
U,:<30Va.c.
Figure A.1
Protection by bvc A, with PROTECTIVE SEPARATION

A.3 Protection by means of PROTECTIVE IMPEDANCE

(See 4.3.4.3)
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________________________________ l
H1
V4 Z
U1 ?
z  z P
1 -
_______________________________ 4|
Lo -
|
-4
su0596 —
IEC 267/03
Key
U,: hazardous voltage, earthefl or unearthed.
I<3,5mAa.c., 10 mAd.c.
NOTE To provide protection in|single-fault conditions, / = U,/Z
Figure A.2
Protection by means of PROTECTIVE IMPEDANCE
A.4 Protection by using limited voltages
(See 4.3.44.)
______________________ .
I
|
A Z1 I
I
I
Zy |
Uy |
! . o
I
i 22 ZZ Us
“““““““““ * *
SU0597 Bl IEC 268/03
Key

U,: hazardous voltage, earthed.
U,:<30Va.c,60Vd.c.
NOTE To provide protection in single-fault conditions, U, = U;Z,/(2Z, + Z,) or U, = U,Z,/12(Z, + Z,/2).
Figure A.3
Protection by using limited voltages
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Annex B
(informative)

Examples of overvoltage category reduction

B.1 General

The following Figure B.1 to Figure B.13 are intended as illustrations of the requirements in Table 4, 4.3.6.2
and 4.3.6.3. They are not intended as indications of good design practice.

PTtection against direct contact
—_— C

—— = Protective separation

nductive accessible parts

SPD Syrge protection device (example of measure to reduce transient overvoltages)
ovC Oyervoltage category

B.2 Insulation to the[surroundings (see 4.3.6.2)

B.2.1 Circuits connefted directly to the supply mains (see 4.3.6.2.2)
Origin of the

WY {Ex{gﬂg
D

K &4 _{gxﬂgﬂg 1

Basic insulation
ovC IV

|
L~

L~

ovC IV

[erro————

su0601

Figure B.1

BASIC INSULATION eval
mains
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Wi i {gﬂgﬂg
AB R {gﬂgﬂg

Permanent connection

e ——
I~

L~

L~

ovcli

T
I

I

|

+ Basic insulation

| ovci

I

—

su0602

Figure B.2
BASIC INSULA[TION evaluation for circuits connected directly to the supply mains

Wi i ﬁgﬂgﬂg
WA {gﬂgﬂg

T
|

|

|

+ Basic insulation $
| ovcll

I

L~

I~

Plug connection

L~

DVC Il

su0603

Figure B.3

BASIC INSULATION eyaluation for equipment not permanently connected to the supply mains
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Origin of the
installation

——————y

\ /

SPD

-

ovC IV

\ /

B

X

1
/ M \

X

il
/ m \

Esi

su0604

.

Figure B.4

BASIC INSULATION evalpation for circuits connected directly to the origin of the INSTALLATION supply
mains where internal SPDs are used

Basi

¢ insulation
ovcli

Permanent connection

——————

ove il

SPD

F=—=——=

|

su0605

%l

174

NN N *“j\ZS *HES *Hj\Z
N N N *Hjji *HQS *H\/E
Basic insulation
ove i
Figure B.5

S — I_________L

BASIC INSULATION evalugtion for circuits connected directly to the supply mains where internal SPDs

are used


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

218 UL 61800-5-1 JUNE 24, 2022

Protective separation
ovce i

£ ™M

N
I J_ Circuit of
T DVCA

T
1
1
i
Permanent connection 1

~xx | =&

~ SPD —

7Y _—i[\/\zx J“;|

AN
I

|

|

I N

+ Basic insulation
l ovC i i

OO A

su0606
Figure B.6

Example of PROTECTIVE SEPARATION evaluation for circuits connected directly to the supply mains
where internal SPDs are used

Protectiveiseparation

ovc i
Y~ ™\
i I
Permanent connectipn i \ z Circuit of
! 7, Y . DVCA
spp H 4 Z et | _
Y N _‘ I
ovcifi | |
| |
+ Basic insulation |
l ovCli |
1 i\ SR . /A -
su0607
Figure B.7

Example of PROTECTIVE SEPARATION evaluation for circuits connected directly to the supply mains
where internal SPDs are used
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Protective separation

%]

ovecli
PR

.
P {connecton | L Gircuit of
ermanent connection —-— Z z Ircuit o

! 7 —i'\/zi S ZZIj ZZIj iy

__\} SPD [T -

|

|

|

Basicinsulation 1\

KK R —“\/g L T_T' -----------
[

su0608
Figure B.8

Example of PROTECTIVE SEPARATION evaluation for circuits connected directly to the supply mains
where internal SPDs are used

NOTE The requirements for PROTECTIVE SEPARATION in 5.2.3.1 to 5.2.3.3 are not reduced by.the.use of the SPD (see 4.3.6.2.2
and 4.3.6.2.3).

B.2.2 Circuits not conhnected directly to the supply mains (see 4.3:6.2:3)

)
|
|
|
Permanent connection :

:
i
i
] '
7 X % gg ,
\ Ji p—

T ]
ovC i | XK & [\/ji yiy [\/js I
, HGHGHS |
+ Basic insulation :
l | oveli I
—— L———- ————————————————————————— rl

su0609

Figure B.9
BASIC INSULATION evaluation for circuits not connected directly to the supply mains
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Origin of the
installation

F—————

1%

H[\iz

N KA I {[\izs{

7
ap="1
7 N { [izH

1%

v

20N V2

H[\iz

\
HV )
ove

Basic insulation
ovcli

P——‘———[

| _ T

su0610

BASIC INSULATI(

Figure B.10
DN evaluation for circuits not connected directly to the supply mains

B.2.3 Insulation between circuits (see 4.3.6.2.4)

Insulation between twd
requirement (see also F

B.3 FUNCTIONAL INSUL/

circuits shall be designed according to the.cireuit having the more severe
gure B.12).

ATION (see 4.3.6.3)

i Functional insulation i
1 1
1 1
1 1
| ovci !
Permanent cnnection Ji_ i@ ANNADN ‘“2&‘“2&‘“2& i
- sPD == |ovclI
ove i NANN *“25*“25*“25

I

r——%-r——-

Basic insulation
ovcll

su0611

NOTE 1 The SPD is not connected to earth, and so has no effect on the overvoltage category to earth.

NOTE 2 The requirements for

FUNCTIONAL INSULATION may be further reduced by the circuit characteristics (see 4.3.6.3).

Figure B.11

FUNCTIONAL INSULATION evaluation within circuits affected by external transients

B.3DV DE Modify to correct:

Figure B.11 ill

ustrates the application of FUNCTIONAL INSULATION if the circuit analysis

required by 4.2 shows that failure of the insulation could not result in a hazard. If the
analysis required by 4.2 does show that failure of the insulation could result in a hazard,
FUNCTIONAL INSULATION shall meet the requirements and tests for BASIC INSULATION.
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B.4 Further examples
Protective separation
ovcli
™
i A
| BT |
| Circuit of |
Permanent oonnectionj_ N AN N ‘H\ZS % ‘|— DVC C i
]
t
F
] |
ove Il N NN 4{ L\ZS ’_| Basic insulation I
ovcl [
Basic insulation I
L ove il :
1 - Y XY =
su0612
Figure B.12

BASIC INSULATION eva

uation for circuits both connected and not connected directly to the supply

mains

Protective.Separation

ove i
N
P t fi | : t T
ermanent connegtion ! Circuit of
| KK —H\zx !g T ‘v 4
L !
1 |
T JK_ i
by | BEX —Hizx = |
| |
Basic insulation i
+ ovc i i
1 S A S
su0617
Figure B.13

Insulation evaluation for accessible circuit of bvc A
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C.1 Measurement

Annex C
(normative)

Measurement of clearance and creepage distances

Clearance and creepage distances shall be measured as illustrated in the examples contained in Example

C.1to Example C.14.

C.1DV D2 Modifi

A clamped joi

joints:

t is a joint between two pieces of insulation that are under pressure, as

shown in Figune C.1DV.1. Adhesives, cements, and similar materials, when used to effect a

seal in place o

Parts A, B - LIVE
crack between C a

a tightly mated joint, shall comply with the Standard for Polymeric Materials
ipment Evaluations, UL 746C.

Figure C.1DV.1
Clamped joint

B1157

PARTS of opposite polarity, or a LIVE PART and grounded metal part with spacing through the
hd D less than required in DVF.2 or DVF.5.

than the equivalent airspacing.

Parts C, D - Insul:rng barriers clamped tightly together so that the dielectric strength between A and B is greater

Part E — The clamped—oint:

C.2 Relationship of measurement to pollution degree

The “X” values are a function of pollution degree and shall be as specified in Table C.1. If the associated
permitted clearance is less than 3 mm, the X value is one-third of the clearance.
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. TableC.1
Width of grooves by pollution degree
Pollution degree Xvalue
mm
0,25
1,0
1,5
C.3 Examples
In the Example C.1 to Bxample C.14 below, clearance and creepage distances are denoted as follows:
Cleargnce — Creepage distance Ll
su0624
— ~—— < Xmm
su0578 IEC 269/03
Example C.1
Condition: the path under corjsideration includes a parallel, diverging or converging-sided groove of any depth with a width less than
Xmm.
Rule: creepage distance and flearance are measured directly across the groove as shown.
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— =—— 2 X'mm

[ L { |

su0579

Z

Condition: Path under considg
mm.

Example C.2

ration includes a parallel or diverging-sided groove of any depth with a width equal to or more thanX

Rule: Clearance is the “line of pight” distance. Creepage path follows the contour of the groove.

— l«—— Xmm

| eY—=—= ———— ]

su

Condition: Path under conside}

Rule: Clearance is the “line off
groove by X mm link.

IEC 271/03 /

045
Example C.3

ration includes a V-shaped groove with awidth greater than X mm.
sight” distance. Creepage path follows the contour of the groove but “short-circuits” the bottom of the

IEC 572103 /

su0046

Example C.4

Condition: Path under consideration includes a rib.
Rule: Clearance is the shortest air path over the top of the rib. Creepage path follows the contour of the rib.
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< Xmm < Xmm

su0047

Example C.5

Condition: Path under considgration includes a cemented joint with grooves less than X mm wide on each side.

Rule: Clearance is the short¢st air path over the top of the joint. Creepage distance is measured directly across the grooves and
follows the contour of the join{.

su0048
Example C.6

Condition: Path under considgration includes an uncemented joint with-grooves less than X mm wide on each side.
Rule: Creepage and clearancg path is the “line of sight” distance shown.

2 Xmm 2 X'mm

i

su0584

Example C.7

Condition: Path under consideration includes an uncemented joint with grooves equal to or more than X mm wide on each side.
Rule: Clearance is the “line of sight” distance. Creepage path follows the contour of the grooves.
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> X'mm < Xmm

Z

40565 EC 276/03

Example C.8

Condition: Path under considgration includes an uncemented joint with a groove on one side less than X mm wide and the groove oh
the other side equal to or morg than X mm wide.

Rule: Clearance and creepagg paths are as shown.

N

IEC 277/03"

su0051
Example C.9

Condition: Path under considpration includes an uncemented barrier,when path under the barrier is less than the path over the
barrier.

Rule: Clearance and creepagg paths follow the contour under thebarrier.

/ i /IEC 27!4

$u0052
Example C.10

Condition: Path under consideration includes an uncemented barrier when path over the barrier is less than the path under the
barrier.

Rule: Clearance is the shortest air path over the top of the barrier. Creepage path follows the contour of the barrier.
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> Xmm

AV4
Z 7\ LT

su0588

Example C.11

Condition: Path under considgration includes a gap between head of screw and wall of recess{which is equal to or more than X mm

wide.

Rule: Clearance is the shortegt air path through the gap and over the top surface. Creepage path follows the contour of the surfaces.

X mm

N

Example C.12

Condition: Path under consideration includes a gap between head of screw and wall of recess which is less than X mm wide.

Rule: Clearance is the shortest air path through the gap and over the top surface. Creepage path follows the contour of the surfaces

but “short -circuits” the bottom of the recess by X mm link.
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su0589

JEC 281/03

Condition: Path under conside
Rule: Clearance and creepage

Example C.13

Fation includes an isolated part of conductive material.
paths are the sum of d plus D.

su0g

Condition: Path under conside

Rule: For the inner layer(s), t
degree 1 and clearance as in &

distance through solid insulation

Example C.14

Fation includes inner layer of PWB.

he distance between adjacent tracks on(the same layer is treated as creepage distance for pollution
ir (see 4.3.6.8.4.1).
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Annex D
(informative)

Altitude correction for clearances

Clearances in air are a function of the atmospheric pressure according to Paschen's Law. Clearance
distances provided in Table 9 are valid up to 2000 m above sea level. Clearances above 2000 m must be

multiplied by the factor provided in Table D.1.

Correctio
(see 4.3.6.4.1)
Altitude Normal barometric pressure o
Multiplication factor for clearances
m kPa
2000 80,0 1,00
3000 70,0 1,44
4000 62,0 1,29
5000 54,0 1,48
6 000 47,0 1,70
7 000 41,0 1,95
8000 35,5 2,25
9000 30,5 2,62
10 000 26,5 3,02
15000 12,0 6,67
20 000 55 14,50

Impulse tests performe|
voltages which have bg
for three altitudes are p
testing of solid insulatio

Table D.2

Test voltages for.verifying clearances at different altitudes

H below 2000 m altitude for the ‘purpose of verifying air clearances must use test
en corrected for air pressurel{altitude). Test voltages which have been corrected
rovided in Table D.2. Altitude’ correction of test voltage is not required for impulse
n. The voltage values of Table D.2 apply for the verification of clearances only.

Impulse voltage Impulse test voltage at Impulse test voltage at Impulse test voltage at
(from Table 7) sea level 200 m altitude 500 m altitude
kV kV kv kV
0,33 036 036 035
0,50 0,54 0,54 0,53
0,80 0,93 0,92 0,90
1,50 1,8 1,7 17
2,50 2,9 2,9 2,8
4,00 4,9 4,8 47
6,00 7,4 7,2 7,0
8,00 9,8 9,6 9,4
12,00 15 14 14

Table D.2 Continued on Next Page
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Table D.2 Continued

Impulse voltage
(from Table 7)

kV

Impulse test voltage at
sea level

kV

Impulse test voltage at
200 m altitude

kV

Impulse test voltage at
500 m altitude

kV

NOTE 1 Explanations concerning the influencing factors (air pressure, altitude, temperature, humidity) with respect to electric
strength of clearances are given in 4.1.1.2.1.2 of IEC 60664-1.

NOTE 2 When testing clearances, associated solid insulation will be subjected to the test voltage. As the impulse test voltage is
increased with respect to the rated impulse voltage, solid insulation will be designed accordingly. This results in an increased
impulse withstand capability of the solid insulation.

NOTE 3 Values given above have been rounded from the calculation in subclause 4.1.1.2.1.2 of IEC 60664-1.
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Annex E
(informative)

Clearance and creepage distance determination for frequencies greater than 30 kHz

E.1 Clearance

Fundamental frequency of working

voltage above 30 kHz
Clearance
Clearance determined accordjng to
impulse voltage or temporgry
overvoltage in 4.3.6.4
Approximately homogeneous field Inhomogeneous field condition
conditions according to 4.3 of IEC 60664-4 according to 4.4 of IEC 60664-4
125 % of the clearance Clearance from Table 1 of IEC 60664-4
determined accordingte based on the recurring peak
working voltage in4.3.6.4 of the working voltage
Minimum clearance is the
greater of these values
IEC 1219/07

su0613

NOTE For frequencies exceeding 30 kHz, an approximately homogeneous field is considered to exist when the radius of curvature

r of the conductive parts is equal or greater than 20 % of the clearance. The necessary radius of curvature can only be specified at
the end of the dimensioning procedure.

Figure E.1

Determination of clearance for frequencies greater than 30 kHz
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E.2 Creepage distance

Fundamental frequency of
working voltage above 30 kHz

Creepage
distance

Creepage distance according to
Table 2 of IEC 60664-4 based
on the recurring peak of
the working voltage

IEC 1220/07

su0622
Figure E.2
Detgrmination of creepage for frequenciés greater than 30 kHz

Table'E.1
Minimum values of cl¢arances in air at atmospheric pressure for inhomogeneous field conditions

(Table 1.of IEC 60664-4)

Peak voltage ? Clearance
kV mm
£0,6° 0,065

0,8 0,18
1,0 0,5
12 14
t 2,39
1,6 4,0
1,8 6,7
2,0 11,0

@For voltages between the values stated in this table, interpolation is permitted.

® No data is available for peak voltages less than 0,6 kV.
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Table E.2
Minimum values of creepage distances for different frequency ranges (Table 2 of IEC 60664-4)

Peak Creepage distance 2P
voltage (mm)
kv 30kHz<f< | f<02MHz | f<04MHz | f<0,7 MHz f<1MHz f<2MHz f<3MHz
100 kHz
0,1 0,0167 0,3
0,2 0,042 0,15 2,8
0,3 0,083 0,09 0,09 0,09 0,09 0,8 20
04 0,125 0,13 0,15 0,19 0,35 45
0,5 0,183 0,19 0,25 04 1,5 20
0,6 0,267 0,27 04 0,85 5
0,7 0,358 0,38 0,68 1,9 20
0,8 0,45 0,55 1,1 3,8
0,9 0,525 0,82 1,9 8,7
1 0,6 1,15 18
1,1 0,683 1,7
1,2 0,85 2,4 8,2
1,3 1,2 3,5
14 1,65 5
1,5 2,3 7,3
1,6 3,15
1,7 44
1,8 6,1

2 The values for the creepad
1,2 and for pollution degree

® Interpolation between colu

Mns is permitted.

e distances in the table apply for pollution degree 1:*Eor pollution degree 2 a multiplication factor of
3 a multiplication factor 1,4 shall be used.
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Annex F
(informative)

Cross-sections of round conductors

Standard values of cross-section of round copper conductors are shown in Table F.1, which also gives the
approximate relationship between ISO metric and AWG/MCM sizes.

Table F.1
Standard cross-sections of round conductors
AWG/MCM
ISO cross-sectign Size Equivalent cross-section
mm? mm?
0,2 24 0,205
- 22 0,324
0,5 20 0,519
0,75 18 0,82
1,0 - ~
1,5 16 1,3
2,5 14 2,1
4,0 12 3,3
6,0 10 53
10 8 8,4
16 6 13,3
25 4 21,2
35 2 33,6
50 0 53,5
70 00 67,4
95 Q00 85,0
- 0000 107,2
120 250 MCM 127
150 300 MCM 152
185 350 MCM 177
240 500 MCM 253
300 600 MCM 304
NOTE The dash, when it appears, counts as a size when considering connecting capacity (see 4.3.8.8.2)
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Annex G
(informative)

Guidelines for RCD compatibility
G.1 Selection of RCD type

Depending on the supply circuitry and the type of RCD (type A, AC or B — see IEC 60755), pbs and
RCD/RCM can be compatible or incompatible (see 4.3.10). If circuits which can cause current with a d.c.
component to flow in the PROTECTIVE EARTHING CONDUCTOR during normal operation or during failure are
not separated from the environment by DOUBLE or REINFORCED INSULATION, it is considered that the PDS

itself can cause smooth[d.c. current and is therefore incompatible with RCDs of type A and AC.

The flow chart of Figurg G.1 will help with the selection of the RCD type when using a PDS downstream), of
the RCD.

Compatibility of
PDS and RCD
Plug-connected Connection of Fixed connection
the PDS to
the mains
No Single-phase > 16A Yes
or three-phase?
No Can PDS cause

d.c. current?

Use with RCD/RC|
type Ais possible

Caution necessary

RCD/RCM Type B
applicable?

Use with RCD/RCM tyge A Use with RCD/RCM Use with RCD/RCM Apply another
Verify with RCD/RCM tyge AC type A or AC type B protective measure
su0614
Figure G.1

Flow chartleading to selection of the RCD/RCM type upstream of a PDS

RCDs suitable to be triggered by differing waveforms of residual current are marked with the following
symbols, as defined in IEC 60755:
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Type AC: - a.c. current sensitive (suitable for circuits 8 and 9 of Figure G.2)

Type A: - a.c. current sensitive and pulse current sensitive (suitable for

1 HS 4 A L0 O £ 0N\
CInettts— 14,9, 0, g orrigureoZ)

3 Bd <

i Type B: - universal current sensitive (suitable for all circuits-of Figure
G.2)

su0590

G.2 Fault current wayeforms

Figure G.2 shows typical fault current waveforms for different PDS circuit configurations, used to determine

RCD compatibility.
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Connection Normal supply current Fault earth current
1 Single-phase
I I
L I N
— v N\ /N
G
t
N
PE ...........................................................
2 Single-phase with smoothing I
L I
I Y4 e N
Ly n__n
- 1
-] G]N t
N
PE ..........................................................
3 Three-phase star I
L IF
ANV OVNVAVOYN
/A [ B P P g
i T
L3 < HI] Ir
P t
N
PE ereeeeerseseseensmssssessesfreneeniniee
4 Two-pulse bridge
I It
1
L
R I I A0 ANWA
N b
X A t
PE .........................................................
5 Two-pulse bridge, half-controlled
I Ir
ok & M\ (\ (\
h N O :
B N N
PE
IEC 283/03
su0041
Figure G.2
Fault current waveforms in connections with semiconductor devices

(continued)
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Connection Normal supply current Fault earth current

6 Two-pulse bridge between Ie
phases I

L1I_LLzs 7y \ I\ mm

L L I
N X K F U U t |

PE

7 Six-pulse bridge I
I

I TN T i AR VAR VAR VA VAR VAR
L& K& (1711

: " ST
L3 Maeees’ S o Maanes’ .

7, N t

PE

8 Phase control

I I, Te

s, N g
N [T | [ TT

PE

9 Burst control

I|_ IL IF

IEC 1223/07
su0616

Figure G.2

Fault current waveforms in:connections with semiconductor devices
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Annex H
(informative)

Symbols referred to in this part of IEC 61800

Table H.1
Symbols used

Symbol Standard reference Description Subclauses
| IEC 60417-5019 (2006-08) Protective earth; protective 6366
- ground
IEC 60417-5172 (2003.02) | C1ass !l (double insulated) 6366
equipment
/ \ IEC 60417-5018 (2006-10) Functio_nal earthing; functional 6.3.6.6
— grounding
' 1SO 7000-0434 (2004-01) Caution 6.3.6.7
o
SSS? IEC 60417-5041 (2000-10) Caution, hot sufface 6.4.3.4
f f IEC 60417-5036 (2002-1Q) Dangerous voltage 6.5.2
su0598
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Annex DVA
(normative)

Normative References and Component Standards
Annex DVA DC Addition of new Annex DVA as follows:
National Electrical Code, ANSI/NFPA 70

Batteries, Lithium — UL 1642

Capacitors — UL 810

Component Cgnnectors for Use in Data, Signal, Control and Power Applications — UL 1977
Controllers, Prpgrammable — Part 2: Equipment Requirements — UL 61131-2

Cords and Cablles, Flexible — UL 62

Electrical Analpg Instruments — Panel Board Types — UL 1437

Electrical Equipment, Organic Coatings for Steel Enclosures for Qutdoor Use — UL 1332
Wires, Cables, jand Flexible Cords, Reference Standard for —.UK 1581

Enclosure for Electrical Equipment, Non-Environmental €onsiderations — UL 50
Enclosures for|Electrical Equipment, Environmental-Considerations — UL 50E

Equipment Wirjng Terminals for Use With Aluminum and/or Copper Conductors — UL 486E

Explosion-Pro¢f and Dust-Ignition-Proof" Electrical Equipment for Use in Hazardous
(Classified) Logations — UL 1203

Fans, Electric + UL 507

Fittings, Conduit, Tubing, and Cable — UL 514B

Capacitors for| Electromagnetic Interference Suppression and Connection to the Supply

Fixed Capacitdrs for.Use in Electronic Equipment — Part 14: Sectional Specification: Fixed
Mains — UL 60184-14

Fuseholders — Part 1: General Requirements — UL 4248-1
Fuseholders — Part 4: Class CC — UL 4248-4
Fuseholders — Part 5: Class G — UL 4248-5

Fuseholders — Part 6: Class H — UL 4248-6

Fuseholders — Part 8: Class J — UL 4248-8

Fuseholders — Part 9: Class K- UL 4248-9
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Fuseholders — Part 11: Type C (Edison Base) and Type S Plug Fuse — UL 4248-11
Fuseholders — Part 12: Class R — UL 4248-12

Fuseholders — Part 15: Class T — UL 4248-15

Fuses, Low-Voltage — Part 12: Class R Fuses — UL 248-12

Fuses, Low-Voltage — Part 1: General Requirements — UL 248-1

Fuses, Low-Vqoltage—PRart-4-Plug-Fuses—UH248-H

Fuses, Low-Vgltage — Part 14: Supplemental Fuses — UL 248-14

Gaskets and Seals — UL 157

Ground-Fault ensing and Relaying Equipment — UL 1053

Industrial Control Equipment — UL 508

Information Technology Equipment — Safety — Part 1: General Requirements — UL 60950-1
Insulated Winding Wire, Single- and Multi-Layer — UL 2353

Insulation Coordination Including Clearances and Creepage Distance for Electrical
Equipment — UL 840

Marking and Lpabeling Systems — UL 969

Molded-Case Circuit Breakers, Molded-Case-Switches, and Circuit-Breaker Enclosures —
UL 489

Rotating Electfical Machines — General)Requirements — UL 1004-1
Motors, Impedance Protected —-UL 1004-2

Motors, Thernjally Protected — UL 1004-3

Electric Generators <\UL 1004-4

Motors, Fire Pump = UL 1004-5

Motors, Servo and Stepper — UL 1004-6
Motors, Electronically Protected — UL 1004-7
Motors, Inverter Duty — UL 1004-8

Motors, Overheating Protection for — UL 2111
Optical Isolators — 1577

Plastic Materials for Parts in Devices and Appliances, Tests for Flammability of — UL 94
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Plugs, Receptacles, and Cable Connectors of the Pin and Sleeve Type — UL 1682

Power Units, C

lass 2-UL 1310

Polymeric Materials — Long Term Property Evaluations — UL 746B

Polymeric Materials — Short Term Property Evaluations — UL 746A

Polymeric Materials — Use in Electrical Equipment Evaluations — UL 746C

Power Units OtherFhan-Glass2—UL1642

Printed Wiring
Protectors, Su
Semiconducto
Service Equipn
Speed Controls
Surge Protecti

Switches, Cloc

Boards — UL 796

bplementary, for Use in Electrical Equipment — UL 1077
 Devices, Electrically Isolated — UL 1557

hent, Reference Standard for — UL 869A

5, Solid-State Fans — UL 1917

ye Devices — UL 1449

k-Operated — UL 917

Switches, Enclpsed and Dead-Front — UL 98

Switchgear andl Controlgear, Low-Voltage — Part\1:-“General Rules — UL 60947-1

Switchgear and Controlgear, Low-Voltage — Part 4-1: Contactors and Motor-Starters —

Electromechan

ical Contactors and Motor-Starters — UL 60947-4-1

Switchgear and Controlgear, Low-<Voltage — Part 5-2: Control Circuit Devices and Switching

Elements — Prg
Systems of Ins

Temperature-In

ximity Switches—~UL 60947-5-2
ulating Materials — General — UL 1446

dicating and -Regulating Equipment — UL 873

Terminal Blockls — UL 1059

Terminals, Electrical Quick-Connect — UL 310

Thermistor-Type Devices — UL 1434

Transformers, Low-Voltage — Part 1: General Requirements — UL 5085-1

Transformers, Low-Voltage — Part 2: General Purpose Transformers — UL 5085-2

Transformers, Low-voltage — Part 3: Class 2 and Class 3 Transformers — UL 5085-3

Transformers, Specialty — UL 506
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Wire Connectors — UL 486A-486B
Wires and Cables, Machine Tool — UL 1063

Wires and Cables, Thermoplastic-Insulated — UL 83
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Annex DVB D2

DVB.1

Annex DVB
(normative)

IEC to USA Standard References

Addition of new Annex DVB as follows:

Table DVB.1

In the USA, the following IEC normative reference standards do not apply.

IEC Standard Titl

@

IEC Standard Number

Environmental te
state

5ting — Part 2: Tests — Test Ca: Damp heat, steady

IEC 60068-2-3:1969

Insulation co-ord

nation — Part 1: Definitions, principles and rules

IEC 60071-1:1993

supplementary

Coding of indice:‘tl:g devices and actuators by colours and

ans

IEC 60073:1991

Graphical symbo
originals

s for use on equipment — Part 2: Symbol

IEC 60417-2:1998

Low-voltage swit
Type-tested and {

Chgear and controlgear assemblies — Part 1:
artially type-tested assemblies

IEC 60439-1:1992

designated cond
alphanumeric sy§

Identification of Tuipment terminals and of terminations of certain

ctors, including general rules of an
tem

IEC 60445:1988

Man-machine int¢

rface (MM) - Actuating principles

IEC.60447:1993

Classification of

blectrical and electronic equipment with regard to

protection againdt electric shock - Part 2: Guidelines to
requirements fori:rotection against electric shock

IEC 60536-2:1992

Graphical symb:Ls for diagrams — Part 7: Switchgear, controlgear
and protective devices

IEC 60617-7:1983

Connecting devid
similar purposes

es for low-voltage circuits for household and
- Part 1: General requirements

IEC 60998-1:1990

Electromagnetic

compatibility (EMC) — Part 4: Testing and

measurement ted

hniques — Section 2: Electrostatic discharge

immunity test — qasic EMC publication

IEC 61000-4-2:1995

electromagnetic

Electromagnetic gompatibility (EMC) — Rart4: Testing and
measurement tecghniques — Section 3;'Radiated, radio-frequency,

ield immunity test

IEC 61000-4-3:1995

Electromagnetic
measurement tec
transient/burst in

compatibility (EMC) — Part 4: Testing and
hniques — Section 4: Electrical test
munity test'= Basic EMC publication

IEC 61000-4-4:1995

Electromagnetic
measurement ted

compatibility (EMC) — Part 4: Testing and
hniques — Section 5: Surge immunity test

IEC 61000-4-5:1995

Limits and metho

ic

disturbance characteristics of industrial, scientific and medical
(ISM) radio-frequency equipment

CISPR 11:1990

Limits and metho

ds of measurement of radio disturbance

characteristics of information technology equipment

CISPR 22: 1993

DVB.2
USA Standard.

In the USA, the following IEC normative references are replaced by the indicated
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Table DVB.2
IEC Standard Title IEC Standard Number USA Standard Title USA Standard Number
High-voltage test techniques IEC 60060 Techniques for High-Voltage Testing ANSI/ IEEE 4
Thermal evaluation and classification of . .
electrical insulation IEC 60085:1984 Systems of Insulating Materials — General UL 1446

Surge arresters — Part 1: Non-linear
resistor type gapped surge arresters for
a.c. systems

IEC 60099-1:1991

Metal-Oxide Surge Arrestors for AC Power Circuits

ANSI/IEEE C62.11

Gapped Silicon-Carbide Surge Arrestors for AC

Power Circuits IEEE C62.1
| Sulgc Protective Devices UL 1449

Method for deterfmining the comparative

and the proof traicking indices of solid

insulating materfals under moist Polymeric Materials — Short Term Property

conditions IEC 60112:1979 Evaluations UL 746A
Polymeric Materials — Use in Electrical Equipment
Evaluations UL 746C

Guide for the defermination of thermal

endurance propgrties of electrical Polymeric Materials \LLong Term Property

insulating materfals IEC 60216 Evaluations UL 746B

Low-voltage fus¢s — Part 1: General

requirements IEC 60269-1:1986 Low-Voltage Fuses — Part 1: General Requir¢ments UL 248-1

Low-voltage fus¢s — Part 2:

Supplementary requirements for fuses

for use by authoned persons (fuses

mainly for indus{rial application) IEC 60269-2:1986 Low Voltage Fuses — Part 4: Class CC Fuses| UL 248-4
Low Voltage Fuses — Part 5: Class G Fuses UL 248-5
Low Voltage Fuses — Part 6: Class H Non-Rehewable
Fuses UL 248-6
Low Voltage Fuses — Part 7: Class H Renewgble
Fuses UL 248-7
Low Voltage Fuses — Part 8: Class J Fuses UL 248-8
Low Voltage Fuses — Part 9: Class K Fuses UL 248-9
Low Voltage Fuses — Part 10: Class L Fuses UL 248-10
Low Voltage Fuses — Part 11: Plug Fuses UL 248-11
Low Voltage Fuses — Part 12: Class R Fuses UL 248-12
Low Voltage Fuses — Part 13: Semiconductof Fuses UL 248-13
Low Voltage Fuses — Part 14: Supplemental Fuses UL 248-14

Table DVB.2 Continued on Next Page
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Table DVB.2 Continued

IEC Standard Title IEC Standard Number USA Standard Title USA Standard Number
Low Voltage Fuses — Part 15: Class T Fuses UL 248-15
Low-Voltage Fuses — Part 17: Class CF Fuses UL 248-17

Electrical installations of buildings — Part

4: Protection for safety — Chapter 44:

Protection against overvoltages —

Section 443: Protection against

overvoltages of atmospheric origin or

due to switching IEC 60364-4-443:1990 National Electrical Code ANSI/NFPA 70

Insulation coordipati ipment

within low-voltagp systems — Part 1:

Principles, requirements and tests — Insulation Coordination Including Clearances and

Basic safety publjcation IEC 60664-1:1992 Creepage Distances for Electrical Equipment UL 840

Fire hazard testinlg — Part 2: Test methods

— Section 1/sheet|0: Glow-wire test Polymeric Materials — Use in Electrical Equipment

methods — Generpl IEC 60695-2-1/0:1994 Evaluations UL 746C

Fire hazard testinig — Part 2: Test methods

— Section 1/sheet{1: Glow-wire end- Polymeric Materials — Use)in Electrical Equipment

product test and guidance IEC 60695-2-1/1:1994 Evaluations UL 746C

Fire hazard testinlg — Part 2: Test methods

— Section 1/sheet|2: Glow-wire Plymeric Materials’~ Use in Electrical Equipnjent

flammability test pn materials IEC 60695-2-1/2: 1994 Evaluations UL 746C

Fire hazard testinlg — Part 2: Test methods

— Section 1/sheet|3: Glow-wire ignitability Polymeric Materials — Use in Electrical Equipment

test on materials IEC 60695-2-1/3:1994 Evaluations UL 746C

Fire hazard testinlg — Part 2: Test methods Polymeric Materials — Use in Electrical Equipment

— Section 2: Needle-flame test IEC 60695-2-2:1991 Evaluations UL 746C

Methods of test for the determination of

the flammability ¢f solid electrical

insulating materigals when exposed to an Test for Flammability of Plastic Materials for Parts in

igniting source IEC 60707:1981 Devices and Appliances UL 94

Low-voltage switthgear and controlgear

— Part 5-1: Contrdl circuit devices and Low-voltage switchgear and controlgear — Pgrt 5-1:

switching elements — Electromechanical Control circuit devices and switching elements —

control circuit deyices IEC 60947-5-1:1997 Electromechanical control circuit devices UL 60947-5-1

Extra-heavy duty(rigid steel conduits for . L .

electrical installations IEC60981: 1989 Electrical Rigid Metal Conduit — Steel UL 6



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

JUNE 24, 2022 UL 61800-5-1 249

Annex DVC
(normative)

Isolated Secondary Circuits and Circuits Supplied by Battery
Annex DVC D2 Addition of new Annex DVC as follows:
DVC.1 Isolated Secondary Circuits

DVC.1.1 General

DVC.1.1.1 Arn isolated secondary circuit is a CONTROL CIRCUIT that is isolated at all points
from the primary branch circuit. This isolation shall be provided by means such asca
transformer, optical isolator, limiting impedance, or electro-mechanical relay.

DVC.1.1.2 Arn isolated secondary circuit shall comply with the following: 1) Separation of
Circuits, DVC.[l.1.3, 2) a.c. or d.c. voltage test of 5.2.3.2, and 3) the applicable requirements
for one of the following types of isolated secondary circuits:

a) A Clgss 2 circuit, see DVC.1.4 and Table DVC.1; or

b) A Limited Voltage/Current circuit, see DVC.1.5 and Table DVC.1; or

c) A Limited Energy circuit, see DVC.1.6 and Table DVC.1;-or

d) A Limiting Impedance circuit, see DVC.1.7and Table DVC.1; or

e) A Linpited Voltage circuit, see DVC.1.8 and Table DVC.1; or

f) An Isplated Power Supply circuit, see DVC.1.9 and Table DVC.1.
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Table DVC.1

Secondary Circuits, Differences in Evaluation

Clause

Type of Isolated Secondary Circuit

Class 2

Limited
voltage /
current

Limited energy

Limited impedance

Limited
voltage

Isolated
power

supply

DVC.1.2

Risk of
electric
shock
presentin
circuit?

No

No

No

Yes

No

No

Yes

No

Yes

DVC.1.3

Rigk of
theirmal
hazard
present in
cir¢uit?

No

No

Yes

Yes

No

No

No

Yes

Yes

Electrical Cha

ractkristics of Isolated Secon

dary Source (ISC)

DVC.1.4 -
DVC.1.9

Mal(imum
Voltage, ac

b

30

30

100

30

30

150

Makimum
voltage,
peak

42.4

42.4

42.4

42.4

Mak.
segondary
cufrent, A

0.005°

Mal(.
segondary
power, VA

100

200

200

15W

15W

15w

10k

Component R

equjrements w

ithin isolated Secondary Circuit (ICS)

4.3.6.84

Pripted
Witing
Bolards

(e

4.3.8

Intérnal
wirjng

Alllt;ther
comnponents

Spacing Requirements for Is

olated Secondary'Circuit (ISC)

4.3

Within ISC

Befween ISC
and ground

Table DVC.1 Continued on Next Page
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Table DVC.1 Continued

Clause

Type of Isolated Secondary Circuit

Class 2

Limited
voltage /
current

Limited energy

Limited impedance

Limited
voltage

Isolated
power
supply

Between ISC
and
enclosure or
accessible
parts

X

e

X -

e

Between ISC

and other
is¢lated
ciljcuits

Protection Ag

ainpt Direct Contact

433

ISC requires
prptection
against
difect
contact

Performance Reduirements’

Isolating Source

Such as: Transformer, Power Supply. Limiting Impedan

ce, Battery):

DVC.2

Sgcondary
ciicuit

b

DVC.2.2

DVC.2.3

DVC.2.3

DVC.2.4

DVC.2.4

DVC.2.4 DVC.2.5

DVC.2.6

5.2.3.

TeI'nperature

d

d

d

5.2.3.6.

Blleakdown
of

components

X

X

X

NOTE - “x” indic
2 See DVC.1.2(b).
b See the Standa

¢ Printed wiring

htes the requirement applies whereas

indicates the requirement does not apply.

d for Class 2 Power Units, UL 1310 or the Standard for Low Voltage Transformers — Part 1: General R
for Low Voltage Transformers — Part 3: Class 2 and Class 3\Transformers, UL 5085-3, for maximum electrical characterjistics and performance requirements.

ards shall comply with the Standard for Printed-Wiring Boards, UL 796, and shall be rated V-2, V-1 o
9 No evaluation r¢quired except the effect of heat generating compounds components in the isolated secondary circui

r V-0.

bquirements, UL 5085-1, and the Standard

ik on adjacent components such as printed

wiring boards angl wiring shall be evaluated during-the temperature test.

¢ See DVC.1.9.3

d DVC.1.9.4.

f Tests specified
components.

In this table evaluates isolating components for use with secondary circuits and does not indicate all

tests applicable to the isolating
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DVC.1.1.3 Separation of circuits

DVC.1.1.3.1 Factory installed isolated secondary circuits shall be separated from all other
circuits in accordance with DVC.1.1.3.2. Insulated conductors shall be separated from
wiring and uninsulated LIVE PARTS connected to other circuits. Wiring and components
provided with insulation rated for the highest voltage involved are considered to be
separated from each other.

DVC.1.1.3.2 Separation of insulated conductors shall be accomplished by clamping,
routing, or equivalent means that provides permanent separation from insulated or
uninsulated LIVE PARTS of a different circuit.

DVC.1.1.3.3 permanent barrier shall be provided to separate field installed Class 2
conductors of secondary circuits from all other circuits.

DVC.1.1.3.4 permanent barrier is not required when Class 1 or power conductors
introduced solgly to connect to equipment connected to a Class 2 circuit and:

a) Provision has been made to route the Class 1 or power circuit conductors to
maintainp a minimum 1/4-in (6,35-mm) separation from the conductors)of the Class 2
circuit; or

b) The ¢lass 1 or power circuit conductors operate at 150 V or less to ground and
also comply with one of the following:

-_—

Provision has been made to enable the Class 2 circuits to be installed
ing Types CL3, CL3R, CL3P, or equivalent cables, and the cable conductors
tending beyond the jacket can be separated by a minimum of 1/4 in (6,35
m) or by a nonconductive sleeve or nonconductive barrier from all other
pnductors; or

O C

(2]

The Class 2 conductors are required to be installed as a Class 1 circuit in
cordance with Section 725-21-of the National Electrical Code, ANSI/ NFPA

~N Q0 N

DVC.1.1.3.5 The permanent barrier inyDVC.1.1.3.3 is not required for enclosures having
provision for only one opening, when INSTALLATION instructions are provided that state
conductors of|Class 2 circuits _shall be separated from conductors for Class 1 or power
circuits by a cgntinuous and firmly fixed type nonconductor, such as flexible tubing.

DVC.1.1.3.6 here a pefmanent barrier is not provided, INSTALLATION instructions shall be
provided to explain the:wiring methods to comply with either or both of DVC.1.1.3.4 and
DVC.1.1.3.5, as applicable.

DVC.1.1.3.7 Fliield and factory installed conductors of two or more Class 2 circuits are able

to be routed within the same cable, enclosure, or raceway.
DVC.1.2 Risk of electric shock

A risk of electric shock exists within a circuit unless that circuit meets one of the following
criteria:

a) The circuit is supplied by an isolating source such that the maximum open circuit
voltage potential available to the circuit is not more than 30V ac or 42,4 V peak; or

b) The circuit is supplied by an isolating source such that the current available
through a 1 500 Q resistor connected across any potential in the circuit (including to
ground) does not exceed 5 mA.


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

JUNE 24, 2022 UL 61800-5-1 253

DVC.1.3 Risk of thermal hazard

A risk of thermal hazard exists within a circuit unless that circuit meets one of the following
criteria:

a) The circuit is supplied by an isolating source such that the maximum open circuit
voltage potential available to the circuit is not more than 30V ac or 42,4 V peak and
the current available is limited to a value not exceeding 8 A measured after 1 min of
operation; or

b) The circuit is supplied by an isolating source such that the power available to the

circuit i m15-W-

DVC.1.4 Clads 2 circuits

A Class 2 circuit shall be supplied by an isolating source that complies with the
requirements |n the Standard for Class 2 Power Units, UL 1310, or the requirements’in the
Standard for Ljow Voltage Transformers — Part 1: General Requirements, UL 5085:1, and the
Standard for Low Voltage Transformers — Part 3: Class 2 and Class 3 Transformers, UL
5085-3.

DVC.1.5 Limited voltage/current circuit requirements

DVC.1.5.1 A Limited Voltage/Current circuit shall be suppliedby"an isolating source such
that the maximum open circuit voltage potential available t6/the circuit is not more than
30V ac or 42,4V peak and the current available is limited.to a value not exceeding 8 A
measured aftefr 1 min of operation under any condition of loading to achieve the maximum
current.

DVC.1.5.2 An isolating power supply or an;isolating type transformer, tested in
accordance wijth DVC.2.2, is able to be used to\comply with this requirement. For a device
that is intended to be supplied by an isolating source that complies with this requirement
and that is int¢nded to be supplied as an accessory in the field, the device shall be marked
as in 6.3.6.8DV.1 through 6.3.6.8DV.1.4.

DVC.1.5.3 A pecondary fuse or other such secondary circuit protective device used with
an isolating spurce to limit thevavailable current in accordance with DVC.1.5.1 shall be
rated at not mpre than five amperes for secondary voltages less than or equal 20 V (peak);
or 100/V A for|secondary voltages over 20V and less than 30V (peak), where V is the peak
open circuit voltage.

DVC.1.5.4 When a‘secondary fuse complying with DVC.1.5.3 and UL 248 series of
standards is ured, the test specified in DVC.2.2 is not required.

DVC.1.5.5 Protective devices other than those described in DVC.1.5.4 and protective
devices with higher ratings than described in DVC.1.5.3 may be used if the combination of
isolating source and protective device is evaluated as in DVC.2.2.

DVC.1.5.6 When the protective device complying with DVC.1.5.4 and isolating source are
intended to be supplied in the field, the Pbs/icom/BDM shall be provided with INSTALLATION
instructions in accordance with 6.2DV.3.1.3.

DVC.1.5.7 When the protective device and isolating source that have been found to
comply with DVC.1.5.5 are intended to be supplied in the field, the pDs/icom/BDM shall be
provided with instructions or markings as required in 6.3.6.8DV.1 through 6.3.6.8DV.1.4.
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DVC.1.5.8 The secondary circuit protective device is able to be provided in the primary
circuit. When provided in the primary circuit, there are no restrictions on the current rating
of the protective device as long as it limits the available secondary current in accordance
with DVC.1.5.3.

DVC.1.5.9 When a protective device is used as specified in DVC.1.5.3 or DVC.1.5.8, this
protective device shall comply with the requirements of this standard and shall be
provided with an adjacent replacement marking in accordance with 6.3.7DV.1.1 or
replacement instructions that includes the required voltage and current rating. The printed
wiring board, wiring, and spacings prior to the point at which the voltage and current are
limited shall comply with the primary circuit requirements of this standard.

DVC.1.5.10 A|fixed impedance (such as a component or grouping of components in the
same circuit) gr a regulating network (such as used in a switching type power supply) that
is used to limit|{the voltage and/or the available current shall comply with DVC.1.5.1. Such,a
fixed impedan¢e or regulating network shall be able to function under single component
fault conditions.

DVC.1.6 Limited energy circuit requirements

DVC.1.6.1 A ljmited energy circuit shall be supplied by an isolating source such that the
maximum volt{ampere capacity available to the circuit is 200 VA or less'at a maximum open
circuit voltag{potential of 100 V ac. The isolating source shall(comply with the test
described in DNVC.2.3. For a device (circuit) that is intended to bésupplied by an isolating
source that complies with this requirement and that is intended to be supplied as an
accessory in the field, the device shall be marked as in 6.3.6:8DV.

DVC.1.6.2 A grimary or secondary circuit fuse or other such circuit protective device may
be used to limit the maximum available volt-ampere capacity in accordance with DVC.1.6.1.
There are no r¢strictions on the current rating of this protective device as long as it limits
the available gecondary volt-ampere limit in accordance with DVC.1.6.1 The protective
device shall cdmply with the requirements of this standard and there shall be a marking in
accordance with 6.3.7DV.1.1.

DVC.1.7 Limiting impedance circuit requirements

DVC.1.7.1 A limiting impedance.circuit relied upon to reduce the risk of thermal hazard as
defined in DVC{1.3 shall be supplied by an impedance that complies with one the following:

a) The cplculated power dissipation of the impedance, as the result of a direct short
applied [across the-circuit limited by the impedance, does not exceed the power
rating of the impedance and the power dissipation is less than 15 W; or

b) The irrlpedance shall:

1) Be rated such that the calculated power dissipation of the impedance, as
the result of a direct short applied across the circuit limited by the
impedance, exceeds the power rating of the impedance and is still less than
15W; and

2) Not open or short when subjected to the effects of a direct short applied
across the circuit limited by the impedance as described in DVC.2.4.1.1.

DVC.1.7.2 The 15-W power limitation of the impedance shall not be exceeded under single
component fault conditions.

DVC.1.7.3 When the circuit limited by the 15-W impedance is completely enclosed without
ventilation openings, the effect of single component fault conditions is not evaluated.
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DVC.1.7.4 A limiting impedance, relied upon to reduce the risk of electric shock as
defined in DVC.1.2, shall comply with DVC.1.7.2, DVC.1.7.6 and DVC.2.4.1.2 and one of the
following:

a) The limiting impedance is connected to the high potential side of or as a voltage
divider across a grounded single phase supply voltage rated not more than 150V
and serves to limit the voltage within the isolated secondary circuit to be less than
30V rms or 42,4V peak within the isolated secondary circuit and also with respect to
ground as determined by circuit analysis;

b) The limiting impedance is connected to each of two ungrounded supply voltage
lines from a 120/240V supply or two or three ungrounded supply voltage lines from a
three phase supply and serves to limit the voltage within the isolated secondary
circuit fo be less than 30V rms or 42,4V peak within the isolated secondary circuit
with respect to ground as determined by circuit analysis; or the circuit
shall b¢ evaluated for voltage to ground present while connected to any primary
voltage|system supplying the equipment.

DVC.1.7.5 A secondary circuit supplied from a limiting impedance circuit that complies
with DVC.1.7.1 and does not comply with DVC.1.7.4 shall be insulated from or have
spacings to griounded metal or accessible parts.

DVC.1.7.6 The secondary circuit described in DVC.1.7.5 may “have field wiring

connections

a) The A
present

b) The ¢
field wi

DVC.1.7.7 W
as in DVC.1.2,

a) Grea

ly if both:

Ds/cbm/BDM is marked with the maximum voltage'to ground that is able to be
on the field wiring connections from secondary-circuit; and

ircuit complies with the test in DVC.2.4 when preformed between each of the
ing terminals, of the limiting impedance circuit, to ground.

nere a limiting impedance is reliedaupon to reduce the risk of electric shock
no individual element shall experience an electrical stress factor:

er than 0,5 during all conditions of normal operation; or

b) Gredter than 1,0 after single’ component failure with respect to RATED VOLTAGE,

current

The electrical
electrical cha
ampacity of a

and dissipated wattage.

stress factor s defined as ratio of applied electrical characteristic to rated
racteristic, such as the ratio between the applied current and the rated
component.

DVC.1.8 Limited voltage circuits

DVC.1.81 Al

with the following:

S SN cuitshatht et sotati , ”

a) The maximum open circuit voltage potential available to the circuit shall not be
more than 30 V ac or 42,4 V peak without any limitation on the available current or
volt-ampere capacity;

b) All external secondary-circuit interconnecting cables and all secondary-circuit
wiring between units shall be protected against burnout and damage to the
insulation resulting from any overload or short-circuit condition that is able to occur
during use of the equipment. Overcurrent protection shall be provided in the
secondary circuit and comply with Table 4.3.8.1DV.2, or the isolated secondary
circuit shall comply with the secondary circuit test of DVC.2.5. Overcurrent
protection provided in the primary circuit of the isolating source is able to serve as
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protection for the secondary circuit when it complies with 4.3.14DV.1.2.1 or the
secondary circuit test of DVC.2.5; and

c) These circuits are intended for use in a pollution degree 2 environment.

DVC.1.8.2 When the protective device, that complies with Table 4.3.8.1DV.2, and isolating
source are intended to be supplied in the field, the device shall be marked in accordance
with 6.2DV.3.1.3.

DVC.1.8.3 When the protective device and isolating source, that have been found to
comply with DVC.2.5, are intended to be supplied in the field, the device shall be marked in

-2
1M VU.J.U.0

accordance with 6-8DV-

DVC.1.9 Isolated power supply circuits

DVC.1.91 An

isolated power supply circuit shall be supplied from the secondary.of an

isolating source that complies with DVC.2.6.

DVC.1.9.2 An
no more than
single 1,2 x 50
effective inter
and the impuls
be operative at

Isolated power supply circuit shall limit surge voltage in the"secondary to
B00 V peak when the input terminals of the PDs/cDM/BDM are'subjected to a
uS full-wave impulse with a crest value of 5 kV using a test'generator with an
al impedance of 12 Q. All power input terminals shall be connected together

shall be applied between this connection and ground:! The equipment shall
the conclusion of the test.

DVC.1.9.3 Fo
be less than 1

circuits rated more than 50 V, clearances and.creepage distances shall not
8 in (3,2 mm), between LIVE PARTS of the<seécondary circuit and operator-

accessible mefal, or grounded dead metal including the’enclosure. For secondary circuits
rated 50 volts ¢r less, these clearances and creepage.distances shall not be less than 1/16
in (1,6 mm).

DVC.1.9.4 WHen spacings are less than 1/8.in (3,2 mm), the construction shall withstand,
without breakdown or arc-over the application of an ac potential of twice the RATED VOLTAGE
plus 1000 V (of a dc potential of 1,4 times the sum of twice the RATED VOLTAGE plus 1000 V)
for 60 s betwgen the secondary and accessible or grounded noncurrent carrying metal
parts. During the test any component normally connected to ground is to be disconnected.

DVC.2 Secon

DvC.2.1

DVC.21.1 Un

dary Circuits Test

Gengral

ess otherwise specified, the test measurements are to be made as follows:

a) The {

rimary voltage supplied to the isolating source shall be not less than the

operational voltage applied to the primary when the PDs/cDM/BDM is supplied at the

maximu
than as
ratings,
devices

m RATED VOLTAGE including any published positive tolerance, but not less
specified in 5.2DV.1. For an isolating source with multiple primary voltage
the highest voltage rating shall be used for this test. Overcurrent protective
in the branch circuit shall not open as a result of this test.

b) The maximum open circuit voltage potential available to the secondary circuit
under consideration is to be measured directly across the output terminals of the
isolating source.

c) For an isolating source with multiple secondary circuits, only one secondary
circuit is to be tested at a time. All other secondaries not under test are not required
to be connected to a load.
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d) The applicable voltage, current and volt-ampere capacity measurements shall be
made directly across the secondary output terminals of the isolating source. When a
tapped transformer winding is used to supply a full-wave rectifier, the
measurements are to be made from either end of the winding to the tap. When the
transformer is used as part of a switching-type power supply, the measurements are
to be made after the transformer secondary winding rectification means.

DVC.2.2 Limited voltage/current secondary test

DVC.2.2.1 With the isolating source connected as described in DVC.2.1.1, the open circuit
voltage of each secondary shall not exceed 30V rms or 42,4 V peak and the available
current in the i i i i
DVC.2.2.2.

DVC.2.2.2 The current available to the secondary circuit under evaluation is to be
measured by ¢onnecting a variable resistive load across the source of that secondary ‘and
then continually monitor and adjust the load as necessary to maintain a secondary current
that is slightly more than 8 A during the 1 min test interval. When an available ecurrent of
more than 8 is not able to be obtained under any condition of loading, up to and
including a shprt circuit, then the test is to be discontinued for that circuit.

DVC.2.3 Limited energy secondary test

DVC.2.3.1 With the isolating source connected as in DVC.2.1.4;-the open circuit voltage of
the secondary| shall not exceed 100 V and the calculated volt<ampere capacity described in
DVC.2.3.2 shall not exceed 200 VA.

DVC.2.3.2 The maximum volt-ampere capacity available to the secondary circuit under
consideration |is to be measured by connecting a variable resistive load across the source
of that secondary and then measuring the voltagé-and current while linerarly varying the
resistive load from open-circuit to short circuit during a time of no less than 1,5 min and no
more than 2,5 min. The maximum available volt-ampere capacity is calculated by
multiplying the simultaneously measured“values of secondary voltage and secondary
current. The measured values shall be obtained at least once every 0,5 s. An overcurrent
protective deVice is permitted to operate prior to reducing the resistive load to simulate
short circuit cpnditions. If the overcurrent protective device operates prior to 1,5 min then
the volt-ampefes shall also be_calculated with the secondary circuit loaded so that the
current through the overcurrentprotective device equals its overcurrent rating.

DVC.2.4 Limiting impedance test

DVC.2.4.1 Limiting.impedance abnormal test

DvVC.24.1.1 he’ following test shall be performed to determine compliance with
DVC.1.7.1(b). With the isolating source connected as in DVC.2.1.1, a limiting impedance
shall not emit molten metal or flames or ignite cotton loosely placed over all openings of
ventilated equipment or totally around oPEN TYPE equipment when the secondary of the
limiting impedance is short circuited. Additional trials of this test shall be performed under
single component fault conditions described in DVC.2.4.1.3.

DVC.2.4.1.2 The following test shall be performed to determine compliance with
DVC.1.7.4. With the limiting impedance connected as in DVC.2.1.1, a 1500-Q resistor is
connected between the limiting impedance and ground. As a result of the test, the current
measured through the 1500-Q resistor shall not exceed 5 mA. Additional trials of this test
shall be performed under single component fault conditions described in DVC.2.4.1.3.

DVC.2.4.1.3 Single component fault conditions of a circuit component of a limiting
impedance include:
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