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PREFACE

This is the harmonized CSA Group and UL standard for Safety Requirements for Electrical Equipment for
Measurement, Control and Laboratory Use — Part 031: Safety requirements for hand-held and hand-
manipulated probe assemblies for electrical test and measurement. It is the second edition of CAN/CSA-
C22.2 No. 61010-031 and the second edition of UL 61010-031. This edition of CAN/CSA-C22.2 No.
61010-031 supersedes the previous edition published on March 30, 2007. This edition of UL 61010-031
supersedes the previous edition published on March 30, 2007. This harmonized standard has been jointly
revised on January 7, 2020. For this purpose, CSA Group and UL are issuing revision pages dated
January 20, 2020.

This harmonized standard is based on IEC Publication 61010-031: second edition, SafetyRequirements
for Electrjcal Equipment for Measurement, Control and Laboratory Use — Part 031: Safetyrequiréements for
hand-helg and hand-manipulated probe assemblies for electrical test and measurement, issued May
2015, asrevised by Amendment 1 issued May 2018. IEC 61010-031 is copyrightedby_the IEC.

This stardard is considered suitable for use for conformity assessment within the stated scqpe of the
standard

This standard was reviewed by the CSA Subcommittee on Safety Requirements for Electrical Equipment
for Measpirement, Control, and Laboratory Use, under the jurisdiction of the CSA Technical Committee on
Consumegr and Commercial Products and the CSA Strategic Steering Committee on Requirgments for
Electricall Safety, and has been formally approved by the CSA Technical Committee. This standard has
been deVieloped in compliance with Standards Council of\<Canada requirements for National Stgndards of
Canada. |t has been published as a National Standard of €anada by CSA Group.

Applicatjon of Standard

Where reference is made to a specific number of samples to be tested, the specified numbar is to be
consider¢d a minimum quantity.

Ngte: Although the intended primary.application of this standard is stated in its scope, it is important to note thpt it remains
the responsibility of the users of the’standard to judge its suitability for their particular purpose.

Level of Harmonization
This standard adoptsithe IEC text with national differences.

This standardis-published as an identical standard for CSA Group and UL.

An identical—standard—is—a—standard—thatis c)\abﬂy the—same—in—technicalcontent except for national
differences resulting from conflicts in codes and governmental regulations. Presentation is word for word
except for editorial changes.

All national differences from the IEC text are included in the CSA Group and UL versions of the standard.
While the technical content is the same in each organization’s version, the format and presentation may
differ.

Reasons for Differences from IEC

National Differences from the IEC are being added in order to address safety and regulatory situations
present in the US and Canada.
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Interpretations

The interpretation by the standards development organization of an identical or equivalent standard is
based on the literal text to determine compliance with the standard in accordance with the procedural rules
of the standards development organization. If more than one interpretation of the literal text has been
identified, a revision is to be proposed as soon as possible to each of the standards development
organizations to more accurately reflect the intent.

IEC Copyright

For CSA [Group, the text, figures, and tables of International Electrotechnical commission_Ppblication
61010-03[1, Safety Requirements for Electrical Equipment for Measurement, Control and Laboratpry Use —
Part 031:|Safety requirements for hand-held and hand-manipulated probe assemblies for_glectrical test
and measurement, copyright 2015 including Amendment 1 2018, are used in this)stahdard| with the
consent ¢f the International Electrotechnical Commission. The IEC Foreword .is"not a pdart of the
requirements of this standard but is included for information purposes only.

These materials are subject to copyright claims of IEC and UL. No part ef this publication may be
reproduced in any form, including an electronic retrieval system, without theprior written permission of UL.
All requegts pertaining to the Safety Requirements for Electrical Equipment for Measurement, Cgntrol and
Laboratory Use — Part 031: Safety requirements for hand-held and<hand-manipulated probe agsemblies
for electri¢al test and measurement UL 61010-031 Standard should‘be submitted to UL.
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NATIONAL DIFFERENCES

In the CSA Group and UL publications of this standard, National Differences from the text of International
Electrotechnical Commission (IEC) Publication 61010-031, Safety requirements for electrical equipment
for measurement, control and laboratory use — Part 031: Safety requirements for hand-held and hand-
manipulated probe assemblies for electrical test and measurement, copyright 2015 including Amendment
1, 2018, are indicated by notations (differences) and are presented in bold text. The national difference
type is included in the body.

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

Differenc

DR - Thd

D1 - The¢se are National Differences which are based on basic safety principles.and requ

eliminatid

D2 — Thd
requirem
requirem

DC - These are National Differences based on the component standards and will not be dele

particular
DE - Thd

Each nat
following
text:

A
fig

aq
Sy

ta

Modification / Modify - A_modification is an altering of the existing base IEC text su

Deletion / Delete-- A deletion entails complete deletion of an entire numbered clause, s

ES.

se are National Differences based on the national regulatory requirements.

n of which would compromise safety for consumers and users of produets:

bnts reflect national safety practices, where empirical substantiation (for the IEC o
ent) is not available or the text has not been included in the IEC€ standard.

component standard is harmonized with the IEC component standard.
se are National Differences based on editorial comments or corrections.

onal difference contains a description of what the national difference entails. Typically
words is used to explain how the text of the national difference is to be applied to the

Hdition / Add - An addition entails adding a complete new numbered clause, subclay
ure, or annex. Addition is notimeant to include adding select words to the base IEC tex{]

dition, replacement, or. deletion of certain words or the replacement of an entin
bclause, table, figure; or annex of the base IEC text.

ble, figure,.ar:annex without any replacement text.

rements,

se are National Differences from IEC requirements based on existing safety practices. These

r national

ted until a

bne of the
base IEC

se, table,

ch as the
e clause,

ubclause,
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FOREWORD
INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY REQUIREMENTS FOR ELECTRICAL EQUIPMENT FOR MEASUREMENT, CONTROL AND
LABORATORY USE - Part 031: Safety requirements for hand-held and hand-manipulated probe
assemblies for electrical test and measurement

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 rstendareization—i—th teat—and rie—fietds—Fe—this—end—eand—ir—additon—te—other—aetivites=EC publishes
International Standards, Technical Specifications, Technical Reports, Publicly Available Specifications (PAS) and Guidgs (hereafter
referred to fis “IEC Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee jnterested in
the subject] dealt with may participate in this preparatory work. International, governmental and non-goverpmental grganizations
liaising with the IEC also participate in this preparation. IEC collaborates closely with the International Orggnization for
Standardizjtion (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 possibley.an international cpnsensus of
opinion on the relevant subjects since each technical committee has representation from all interésted IEC National Commnittees.

3) IEC Pubjications have the form of recommendations for international use and are accepted by IEC National Commfttees in that
sense. While all reasonable efforts are made to ensure that the technical content of IEC Publications is accurate, IEC cahnot be held
responsibld for the way in which they are used or for any misinterpretation by any end<wuser.

4) In order|to promote international uniformity, IEC National Committees undertake to apply IEC Publications transpafently to the
maximum extent possible in their national and regional publications. Anhyvdivergence between any IEC Publicatjon and the
correspondjng national or regional publication shall be clearly indicated in.the latter.

5) IEC itself does not provide any attestation of conformity. Indepefndent certification bodies provide conformity assessmment services
and, in sofne areas, access to IEC marks of conformity. IEC, is not responsible for any services carried out by |ndependent
certification| bodies.

6) All users|should ensure that they have the latest edition of this publication.

7) No liabillty shall attach to IEC or its directors;-employees, servants or agents including individual experts and members of its
technical cpmmittees and IEC National Cemmittees for any personal injury, property damage or other damage of| any nature
whatsoevel, whether direct or indirect, or_for costs (including legal fees) and expenses arising out of the publication, use of, or
reliance upgn, this IEC Publication or,any other IEC Publications.

8) Attentior is drawn to the Normative references cited in this publication. Use of the referenced publications is indispengable for the
correct application of this publication.

9) Attentior| is drawn te.the possibility that some of the elements of this IEC Publication may be the subject of patent rigHts. IEC shall
not be held|responsiblefor identifying any or all such patent rights.

Internatignal) Standard IEC 61010-031 has been prepared by IEC technical committee 66: |Safety of
measuring, control and laboratory equipment.

It has the status of a group safety publication in accordance with IEC GUIDE 104.

IEC 61010-031 is a stand-alone standard. This second edition cancels and replaces the first edition
published in 2002 and Amendment 1:2008. This edition constitutes a technical revision.

This edition includes the following significant changes from the first edition, as well as numerous other
changes:

a) Voltages above the levels of 30 V r.m.s., 42,4 V peak, or 60 V d.c. are deemed to be HAZARDOUS LIVE
instead of 33 Vr.m.s., 46,7 V peak, or 70 V d.c.
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b) Servicing is now included within the scope.

c) Extended environmental conditions are included within the scope.

d) New terms have been defined.

e) Tests for REASONABLY FORESEEABLE MISUSE have been added, in particular for fuses.

f) Additional instruction requirements for probe assembly operation have been specified.

g) Limit Yalues for ACCESSIBLE parts and for measurement of voltage and touch currentchave been
modified.

h) SPACINGS requirements for mating of CONNECTORS have been modified.

i) PROBE TIPS and SPRING-LOADED CLIPS requirements have been modified. The,PROTECTIVE FINGERGUARD
replace the BARRIER with new requirements.

j) Insulatign requirements (6.5) and test procedures (6.6.5) have been réwritten and aligned when relevant
with Part {. Specific requirements have been added for solid insulatien‘and thin-film insulation.

k) The terminology for MEASUREMENT CATEGORY | has been replaced with the designation “not RATED for
measurements within MEASUREMENT CATEGORIES I, IIl, or IV

[) The flexing/pull test (6.7.4.3) has been partially rewritten.
m) Surface temperature limits (Clause 10) have béen modified to conform to the limits of IEC Guige 117.

n) Requiréments for resistance of PROBE WIRES to mechanical stresses have been added in Clauge 12 and
a new Annex D.

0) Requir¢ments have been added regarding the prevention of HAZARD from arc flash and short-gircuits for
SPRING-LJADED CLIPS.

p) A new Informative Annex-E defines the dimension of the 4 mm banana CONNECTORS.

The text df this standard is based on the following documents:

FDIS Report on voting

66/569/FDIS 66/5/1/RVD

Full information on the voting for the approval of this standard can be found in the report on voting
indicated in the above table.

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

A list of all parts of the IEC 61010 series, under the general title, Safety requirements for electrical
equipment for measurement, control, and laboratory use, may be found on the IEC website.

In this standard, the following print types are used:
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— requirements and definitions: in roman type;

—NOTES and EXAMPLES: in smaller roman type;

— conformity and tests: in italic type;

— terms used throughout this standard which have been defined in Clause 3: SMALL ROMAN CAPITALS.

The committee has decided that the contents of this publication 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

publicati

* reconfirmed,

 withdra

* replace

* amenddd.

1DV DE Addition:

h -

P G o R |

n. AUNIS date, the pupblication Wil be

vn,

by a revised edition, or

\dd the following to the end of the IEC Foreword:

he numbering system in the standard useés a space instead of a comma to
housands and uses a comma instead of-a-period to indicate a decimal point. For
000 means 1,000 and 1,01 means 1.01.

indicate
example,

IMPOR]

Users

hould therefore print this document using a colour printer.

[ANT — 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 ¢

pntents.
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SAFETY REQUIREMENTS FOR ELECTRICAL EQUIPMENT FOR

MEAS

UREMENT, CONTROL AND LABORATORY USE - Part 031:

Safety requirements for hand-held and hand-manipulated probe

assemblies for electrical test and measurement

1 Scope and object

1.1 Scg
111 P

This par
assembli
direct elg
fixed to th

a) Type
assembli
d.c., but
voltage

compong

b) Type
that are

exceedin
partly witl

c) Type (
for direct
may be d
intended

d) Type [
RATED fol
are suital

pe

robe assemblies included in scope

bs of the types described below, and their related accessories. These probe assembli
ctrical connection between a part and electrical test and measurement equipment. Thg
e equipment or be detachable accessories for the equipment.

A: low-voltage and high-voltage, non-attenuating probe)*assemblies. Non-attenuat
bs that are RATED for direct connection to voltages exceeding 30 V r.m.s., 42,4 V pea
not exceeding 63 kV. They do not incorporate gamponents which are intended to

nts such as fuses (see Figure 1.)

B: high-voltage attenuating or divider probe assemblies. Attenuating or divider probe a
RATED for direct connection to secondaty voltages exceeding 1 kV r.m.s. or 1,5 kV d.
g 63 kV r.m.s. or d.c. The divider function may be carried out wholly within the probe as
hin the test or measurement equipment to be used with the probe assembly (see Figure

C: low-voltage attenuating or-divider probe assemblies. Attenuating or divider probe a
connection to voltages not exceeding 1 kV r.m.s. or 1,5 kV d.c. The signal conditionin|

to be used with theprobe assembly (see Figure 3).

: low-voltage \attenuating, non-attenuating or other signal conditioning probe assemblie

ble for currents exceeding 8 A (see Figure 4).

of IEC 61010 specifies safety requirements for hand-held and ‘hand-manipulated probe

es are for
ty may be

ng probe
K, or 60 V
provide a

divider function or a signal conditioning fungtion, but they may contain non-aftenuating

ssemblies
c. but not
sembly, or
2).

ssemblies
g function

arried out wholly within the probe assembly, or partly within the test or measurement gquipment

5, that are

direct cohhection only to voltages not exceeding 30 V r.m.s., or 42,4 V peak, or 60 | d.c., and
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IEC
su2301
Key
1 typical CONNECTORS 4 to equipment
2 PROBE TIP 5 SPRING-LOADED CLIP
3 probe bofdy 6 PROBE WIRE
Figure 1

Examples of type A probe assemblies
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“ LNE 1 1 j
iec
su2302
Key
1 PROBE TIP 4 PROTECTIVE FINGERGUARD
2 to equipment 5 hand-held area of probe body
3 reference CONNECTOR 6 PROBE WIRE
Figure 2

Examples of type B probe assemblies
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1 PROBE TIP 5 PROBE WIRE
2 probe bofdy 6 examples of accessories
3 referenc¢ CONNECTOR 7 BNC CONNECTOR
4 to equiprent
Figure 3

Examples of type C probe assemblies

AN

Key
1 CONNECTOR
2 PROBE TIP

i

IEC
su0474a

3 hand-held area of SPRING-LOADED CLIP

4 PROBE WIRE

Figure 4

Examples of type D probe assemblies
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1.1.2 Probe assemblies excluded from scope

This standard does not apply to current sensors within the scope of IEC 61010-2-032 (Handheld and
hand-manipulated current sensors), but may apply to their input measuring circuit leads and accessories.

1.2 Object

1.2.1 Aspects included in scope

The purgose of the requirements of this standard is to ensure that HAZARDS to the OPERATOR and the
surround|ng area are reduced to a tolerable level.

Requirements for protection against particular types of HAZARDS are given in Clauses 6'to 13, as follows:
a) electri¢ shock or burn (see Clauses 6, 10 and 11);

b) mechgnical HAZARDS (see Clauses 7, 8 and 11);

c) excesgive temperature (see Clause 9);

d) spreaq of fire from the probe assembly (see Clause 9);
e) arc flagh (see Clause 13).

Additiongl requirements for probe assemblies which are designed to be powered from a low-voltage mains
supply, gr include other features not specificallyy addressed in this standard are in other pafts of IEC
61010.

NOTE Attention is drawn to the possible existence ‘6f-additional requirements regarding the health and safety of labour fofces.
1.2.2 Appects excluded from scope

This standard does not cover:

a) reliable function, petformance, or other properties of the probe assembly;

b) effectiyeness.of transport packaging.

1.3 Verjfication

This standard also specifies methods of verifying that the probe assembly meets the requirements of this
standard, through inspection, TYPE TESTS, and ROUTINE TESTS.

1.4 Environmental conditions
1.4.1 Normal environmental conditions
This standard applies to probe assemblies designed to be safe at least under the following conditions:

a) altitude up to 2 000 m;
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b) ambient temperature of 5 °C to 40 °C;

¢) maximum relative humidity of 80 % for temperatures up to 31 °C decreasing linearly to 50 % relative
humidity at 40 °C;

d) applicable POLLUTION DEGREE of the intended environment.
1.4.2 Extended environmental conditions

This standard applies to probe assemblies designed to be safe not only in the environmental conditions
specified jn 1.4.1, but also in any of the following conditions as RATED by the manufacturer of the probe
assembligs:

a) outdoof use;

b) altitudgs above 2 000 m;

c) ambient temperatures below 5 °C or above 40 °C;

d) relativel humidities above the levels specified in 1.4.1;

€) WET LOLCATIONS.

-—

4.3DV DR Addition of the following clause referencing the National Electrical Code and
he Canadian Electrical Code:

~

This standard applies to equipment:

a) To be employed in accordance with ANSI/NFPA 70, National Electricdl Code®
(NEC);

b) Designed to comply with the general requirements of CAN/CSA-C22.2 No. 0 and
to be installed in accordance with the Canadian Electrical Code (CE Code), Part I,
CSA C22.1; or

c) Both (a)and (b).

2 Normativeweferences

The followirg—decuments—in—whole—er—in—part,—arenormativelyreferercedin—this—deeument and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

IEC 60027 (all parts), Letters symbols to be used in electrical technology

IEC 60529, Degrees of protection provided by enclosures (IP Code)

IEC 61010-1:2010, Safety requirements for electrical equipment for measurement, control, and laboratory
use — Part 1: General requirements

IEC 61180-1:1992, High-voltage test techniques for low voltage equipment — Part 1: Definitions, test and
procedure requirements
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IEC 61180-2, High-voltage test techniques for low-voltage equipment — Part 2: Test equipment

IEC GUIDE 104, The preparation of safety publications and the use of basic safety publications and group
safety publications

ISO/IEC GUIDE 51, Safety aspects — Guidelines for their inclusion in standards
2DV DR Modification of Clause 2 to add the following reference publications:

CSA C22.1-15, Canadian Electrical Code, Part |

GAN/CSA-C22.2 No. 0-10 (R2015), General requirements — Canadian Electrical:Code, Part Il

fanY

LAN/CSA C22.2 No. 61010-1-12 (R2017) / UL 61010-1, Safety Requirements for Electrical
quipment for Measurement, Control, and Laboratory Use — Part 1: Géneral Requifements

ANSI/NFPA 70, National Electrical Code (NEC)

EC 60664-3-2016, Insulation coordination for equipment\within low-voltage systems —
Part 3: Use of coating, potting or moulding for protection against pollution

- 1

UL 746E Standard for Polymeric Materials — Industrial Laminates, Filament Wound Tubing,
Vulcanized Fibre, and Materials Used in Printed Wiring Boards
3 Termsp and definitions

For the pprposes of this document, the following terms and definitions apply.
3.1 Parts and accessories

3.1.1 THERMINAL — component provided for the connection of a device (equipment) to external conductors

Note 1 to entry: TERMINALS can’contain one or several contacts and the term includes sockets, pins, etc.

3.1.2 ENCLOSURE —part providing protection of a probe assembly against certain external influgnces and,
in any direction, protection against direct contact

3.1.3 PROTECTIVE FINGERGUARD — part of the ENCLOSURE that indicates the limit of safe acces$ and that
reduces fhewrisk of the OPERATOR touching HAZARDOUS LIVE parts

3.1.4 PROBE TIP — part of a probe assembly or accessory which makes a connection to the point being
measured or tested

Note 1 to entry: The term “PROBE TIP” includes the conductive parts of the jaws or hooks of SPRING-LOADED CLIPS.

3.1.5 CONNECTOR — component which is attached to the PROBE WIRE, to connect to a TERMINAL of the
equipment or to another probe assembly

3.1.6 TOOL — external device, including a key or coin, used to aid a person performing a mechanical
function
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3.1.7 PROBE WIRE — flexible wire or cable used as part of the probe assembly or its accessories,
consisting of one or more conductors and associated insulation

3.1.8 SPRING-LOADED CLIP — probe or probe accessory with one or more hooks or jaws forced by a spring
to grip the part being measured or tested

3.1.9 STACKABLE CONNECTOR — CONNECTOR assembly which contains an additional TERMINAL

EXAMPLE: Figure 5 is an example of a STACKABLE CONNECTOR with a male CONNECTOR and a female TERMINAL.

N e X )\)\)\)\)\)\W
va—a

™ I A N N N N N O N O A

/
\\

su2304 IEC

Key
1 TERMINAL for additional CONNECTOR

2 CONNECTOR

3 PROBE WIRE

Figure 5

Example of a STACKABLE CONNECTOR with a male CONNECTOR and a female TERMINAL

3.2 Quantities

3.2.1 RATED/(condition or value) — condition or quantity value assigned, generally by a manufag¢turer, for
a specified operating condition of a component, device, or probe assembly

3.2.2 RATING — set of RATED values and operating conditions
[SOURCE: IEC 60050-151:2001, 151-16-11]

3.2.3 WORKING VOLTAGE - highest r.m.s. value of the a.c. or d.c. voltage across any particular
insulation which can continuously appear during NORMAL USE

Note 1 to entry: Transients and voltage fluctuations are not considered to be part of the WORKING VOLTAGE
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3.3 Tes

ts

3.3.1 TYPE TEST — test of one or more samples of a probe assembly (or parts of a probe assembly) made
to a particular design, to show that the design and construction meet the requirements of this standard

Note 1 to entry: This is an amplification of the IEC 60050-151:2001, 151-16-16 definition to cover design as well as construction.

3.3.2 ROUTINE TEST — conformity test made on each individual item during or after manufacture

[SOURCE: IEC 60050-151:2001, 151-16-17]

3.4 Saf

341 A
6.2

3.4.2 Hj
3.4.3 Hj

344 P
and relial

345 N
intended

346 N

3.4.7 s
or one fa

348 o

349 R
assembli

3.4.10
cause re
probe as

pty terms

CCESSIBLE — able to be touched with a standard test finger or test pin, when_ used as s

\ZARDOUS LIVE — capable of rendering an electric shock or electric burn
\ZARD — potential source of harm

ROTECTIVE IMPEDANCE — component or assembly of components whose impedance, co
bility are suitable to provide protection against electric-shock

DRMAL USE — operation, including stand-by, according to the instructions for use or for th
purpose

DRMAL CONDITION — condition in which all'\means for protection against HAZARDS are intag

NGLE FAULT CONDITION — condition infwhich one means for protection against a HAZARD ig
it is present which could cause‘@-HAZARD

PERATOR — person operating the probe assembly for its intended purpose

ESPONSIBLE BODY, =individual or group responsible for the safe use and maintenance
ES

(VET LOCATION — location where water or another conductive liquid may be present and
Huced . Human body impedance due to wetting of the contact between the human bod
Eembly; or wetting of the contact between the human body and the environment

becified in

nstruction

e obvious

defective

of probe

s likely to
y and the

3.4.11 MEASUREMENT CATEGORY — classification of testing and measuring Circuits according o

of mains

to which they are intended to be connected

the types

3.4.12 REASONABLY FORESEEABLE MISUSE — use of a product in a way not intended by the supplier, but
which may result from readily predictable human behaviour

3.5 Insulation

3.5.1 BASIC INSULATION — insulation of HAZARDOUS LIVE parts which provides basic protection

[SOURCE: IEC 60050-195:1998, 195-06-06]
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3.5.2 SUPPLEMENTARY INSULATION — independent insulation applied in addition to BASIC INSULATION in
order to provide protection against electric shock in the event of a failure of BASIC INSULATION

3.5.3 DOUBLE INSULATION — insulation comprising both BASIC INSULATION and SUPPLEMENTARY INSULATION
[SOURCE: IEC 60050-195:1998, 195-06-08]

3.5.4 REINFORCED INSULATION — insulation which provides a degree of protection against electric shock
not less than that provided by DOUBLE INSULATION

3.5.5 PJLLUTION — addition of foreign matter, solid, liquid or gaseous (ionized gases), that may. groduce a
reduction [of dielectric strength or surface resistivity

3.5.6 POLLUTION DEGREE — numeral indicating the level of POLLUTION that may, 'be presept in the
environment

3.5.7 PQLLUTION DEGREE 1 — no POLLUTION or only dry, non-conductive POLIUTION occurs, whigh has no
influence

3.5.8 PJLLUTION DEGREE 2 — only non-conductive POLLUTION occurs except that occasionally a temporary
conductivlty caused by condensation is expected

3.5.9 PQLLUTION DEGREE 3 — conductive POLLUTION occuf$,~or dry, non-conductive POLLUTIQN occurs
which beqomes conductive due to condensation which is expected

3.5.10 dLEARANCE — shortest distance in air between4wo conductive parts

3.5.11 JREEPAGE DISTANCE — shortest distance along the surface of a solid insulating material| between
two condyctive parts

[SOURCH: IEC 60050-151:2001, 151:15-50]

3.5.12 SPACING — any combination of CLEARANCES and CREEPAGE DISTANCES
4 Tests
41 General

Tests in this standard are TYPE TESTS to be carried out on samples of probe assemblies or their pgrts. Their
only purpose is to check that the design and construction ensure conformity with this standard. In addition,
the ROUTINE TESTS of Annex D shall be performed on the PROBE WIRE.

The probe assembly shall at least meet the requirements of this standard. It is permissible to exceed the
requirements. If, in this standard, a lower limit is specified for a conformity value, then the probe assembly
may demonstrate a larger value. If an upper limit is specified for a conformity value, the probe assembly
may demonstrate a lower value. Manufacturing variations and tolerances shall be taken into account.

Tests on components or parts of the probe assembly meeting the requirements of the relevant standards
specified in this standard, and used in accordance with them, need not be repeated during TYPE TESTS of
the whole probe assembly.

If a probe assembly is of more than one probe type (see 1.1.1), each type shall be tested according to its
applicable requirements.
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Conformity with the requirements of this standard is checked by carrying out all applicable tests, except
that a test may be omitted if examination of the probe assembly and design documentation demonstrates
conclusively that it would pass the test. Tests are carried out both under reference test conditions (see 4.3)
and fault conditions (see 4.4).

Where conformity statements in this standard require inspection, this may include examination of the
probe assembly by measurement, examination of the markings on the probe assembly, examination of the
instructions supplied with the probe assembly, examination of the data sheets of the materials or
components from which the probe assembly is manufactured, efc. In each case, the inspection will either
demonstrate that the probe assembly meets the applicable requirements, or will indicate that further
testing isregtired:

If, when [arrying out a conformity test, there is any uncertainty about the exact value. 6f\an applied or
measureg quantity (for example voltage) due to the tolerance:

a) manufacturers should ensure that at least the specified test value is applied;
b) test hquses should ensure that no more than the specified test value is applied.

If the RATED range of environmental conditions for probe assemblies is‘wider than that stated in|1.4.1, the
manufacfurer should make sure (for example, by suitable alteration of test requirements or [additional
tests) that the safety requirements of this standard are still fulfilled.

Probe agsemblies which have been type tested may ng_longer be suitable for their intended function

because [of the residual effect of stresses resulting framjtests. A probe assembly which has yndergone
TYPE TESTS shall not then be put into use.

4.2 Seduence of tests

The sequence of tests is optional unless-etherwise specified. The probe assemblies under tesgt shall be
carefully jnspected after each test. If the result of a test causes doubt whether any earlier tests would have
passed ifl{the sequence had been revérsed, these earlier tests shall be repeated.

4.3 Reference test conditions
4.3.1 Environmental conditions

Unless otherwise-specified in this standard, the following environmental conditions (but not confljcting with
those of 1.4.1, shall exist in the test location:

a) a temperature of 15 °C to 35 °C;

b) a relative humidity of not more than 75 %;

¢) an air pressure of 75 kPa to 106 kPa;

d) no hoarfrost, dew, percolating water, rain, solar irradiation, etc.
4.3.2 State of probe assemblies

Unless otherwise specified, tests shall be carried out on the probe assemblies assembled for NORMAL USE
and under the least favourable combination of the conditions given in 4.3.3 t0 4.3.9.
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In case of doubt, tests shall be performed in more than one combination of conditions.

If dimensions or mass make it unsuitable to carry out particular tests on a complete probe assembly, tests
on sub-assemblies are allowed, provided it is verified that the assembled probe assembly will meet the
requirements of this standard.

4.3.3 Position of the probe assembly

All possible orientations of the probe assembly are considered to be positions of NORMAL USE.

4.3.4 Adcessories

Accessories and OPERATOR-interchangeable parts available from, or recommended by, the-marjufacturer
for use with the probe assembly under test shall be either connected or not connected.

4.3.5 Coqvers and removable parts

Covers orfparts which can be removed without using a TOOL shall be removed or not removed whichever is
the worst condition.

4.3.6 Input and output voltages

Input and|output voltages, including floating voltages shall be set to any voltage within the RATEp voltage
range.

4.3.7 Controls

Controls yhich the OPERATOR can adjust without the use of a TooL shall be set to any position ¢xcept for
combinatipns of settings prohibited by the manufacturer’s marking on the probe assembly.

4.3.8 Coannections
The probg assembly shall be connected for NORMAL USE or not connected whichever is the worst gondition.
4.3.9 Short-term or intermittent operation

Probe assemblies for-short-term or intermittent operation shall be operated for the longest RATED period
and shall have the_shortest RATED recovery period consistent with the manufacturer's instructions

4.4 Testing)in SINGLE FAULT CONDITION

441 General
The following requirements apply.

a) Examination of the probe assembly and its circuit diagram will generally show the fault conditions which
are liable to result in HAZARDS and which, therefore, shall be applied.

b) Fault tests shall be made as specified for checking conformity, unless it can be demonstrated that no
HAZARD could arise from a particular fault condition.
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c) The probe assembly shall be operated under the least favourable combination of reference test
conditions (see 4.3). These combinations may be different for different faults and they shall be recorded
for each test.

4.4.2 Application of fault conditions
44.21 General

Fault conditions shall include those specified in 4.4.2.2 to 4.4.2.5. They shall be applied only one at a time
and shall be applied in turn in the most convenient order. Multiple simultaneous faults shall not be applied
unless thEy are a consequence of an applied 1ault.

After eagh application of a fault condition, the probe assembly or part shall pass the applicable tests of
4.4.4.

4.4.2.2 |PROTECTIVE IMPEDANCE
The folloying requirements apply.

a) If a PRPDTECTIVE IMPEDANCE is formed by a combination of componénts, each component shal| be short-
circuited pr disconnected, whichever is less favourable.

b) If a PROTECTIVE IMPEDANCE is formed with a single component that meets the requirements of 6.4.5, it
need not[be short-circuited or disconnected.

4.4.2.3 Probe assemblies or parts for short-termor intermittent operation
These shall be operated continuously if contingous operation could occur in a SINGLE FAULT COND|TION.
4.4.2.4 Outputs

Outputs of Type B and Type C prabe*assemblies shall be short-circuited.
4.4.2.5 |nsulation between:circuits and parts

Insulation between cirteuits and parts which is below the level specified for BASIC INSULATION shall be
bridged tp check against the spread of fire if the method of 9.1 is used.

4.4.3 Dupration of tests

The probe assembly shall be operated until further change as a result of the applied fault is unlikely. Each
test is normally limited to 1 h since a secondary fault arising from a SINGLE FAULT CONDITION will usually
manifest itself within that time. If there is an indication that a HAZARD of electric shock, spread of fire or
injury to persons may eventually occur, the test shall be continued for a maximum period of 4 h.

4.4.4 Conformity after application of fault conditions
4441 Electric shock

Conformity with requirements for protection against electric shock after the application of single faults is
checked as follows:


https://ulnorm.com/api/?name=UL 61010-031 2020.pdf

26 CAN/CSA-C22.2 No. 61010-031:17 ¢+ UL 61010-031 JANUARY 7, 2020

a) by making the measurements of 6.3.3 to check that no ACCESSIBLE conductive parts have become

HAZARDOUS LIVE, except as permitted by 6.1;

b) by performing a voltage test on DOUBLE INSULATION or REINFORCED INSULATION to check that the
protection is still at least at the level of BASIC INSULATION. The voltage tests are made as specified in 6.6
(without humidity preconditioning) with the test voltage for BASIC INSULATION.

4.4.4.2 Temperature

Conformity with requirements for temperature protection is checked by determining the temperature of the

£ £l b NI Vs Fali fall)
outer surfaee-ofthe prove-assSemnory(Ssee-CratsSe -

This temperature is determined by measuring the temperature rise of the surface or part-arid adding it to
the ambidnt temperature of 40 °C, or to the maximum RATED ambient temperature if higher.

4.4.4.3 S$pread of fire
Conformily with requirements for protection against the spread of fire is.chectked by placing the probe
assembly| on white tissue-paper covering a softwood surface and covering the probe assembly with
cheeseclqgth. No molten metal, burning insulation, flaming particles, etc:shall fall on the surfaceon which

the probd assembly stands and there shall be no charring, glowing, or flaming of the tissue |paper or
cheeseclqth. Melting of insulation material shall be ignored if no HAZARD could arise.

4.4.4.4 OQOther HAZARDS

Conformity with the requirements for protection against,other HAZARDS is checked as specified in Clauses
7to 13.

4.5 Tests in REASONABLY FORESEEABLE MISUSE
4.5.1 General

Tests neelded to support a risk assessment pertaining to REASONABLY FORESEEABLE MISUSE are carried out
in the combinations of conditions and operations determined during the risk assessment.

4.5.2 Fyses

Fused prpbe assemblies are used where insufficient protection may be provided by the equipment to

which the handxmanipulated probe assemblies are connected in particular under the REASONABLY
FORESEEABLEMISUSE conditions associated with the equipment that could lead to fire or arc explogion.

For the purposes of this test, it is assumed that the equipment to which the probe assemblies are
connected represents a short circuit condition. It is further assumed that the fused probe assembly may be
connected to any voltage source within the RATING of the probe assembly. This leads to a test condition
where any current level up to the maximum prospective short circuit current may be applied. With respect
to prospective short circuit currents associated with mains installations, the fuse shall be RATED according
to 12.2 and no additional testing related to the interrupt current RATING is necessary. However, testing is
necessary at current levels near the RATING of fuse which could potentially lead to excessive temperature
rise on hand held parts as well as damage to insulating parts, ENCLOSURES, and barriers.

It shall be demonstrated that the maximum fuse temperature under any current load condition up to 5
times the fuse RATING through the fused probe assembly does not lead to a HAZARD.

Conformity is checked by inspection and measurement.
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5 Marking and documentation

5.1 Marking

5.1.1 General

Probe assemblies shall bear markings in accordance with 5.1.2 to 5.2. Markings applying to a probe
assembly as a whole shall not be put on parts which can be removed by an OPERATOR without the use of a

TOOL.

Letter sy

accordan
symbol if
explained

If it is ng
included

Conform

DO or gquar eS alna ur Nnall be In d ordance w oUU . apr Ympo
ce with Table 1 if applicable. There are no requirements for size or colour. If there isTe
Table 1, any other graphic symbol may be used on a probe assembly providedithe
in the accompanying documentation (see 5.4.1).

n the documentation. Symbol 7 of Table 1 may also be used.

ty is checked by inspection.

5.1.2 Identification

Each pro
a) the na

b) in add
probe as

If a probe
and the g
accompa|

Conform

be assembly and, when possible, its accessories shall.be marked with:
me or registered trade mark of the manufactureror supplier;

tion for Type B and Type C only, the model number or name or other means of iden
sembly or part.

assembly is designed for use only with a specific model of equipment, this shall be m
pecific equipment or model shall be identified, either by marking on the probe assembl
nying documentation.

ty is checked by inspection.

shall be in
hpplicable
symbol is

t possible to put all of the required markings on the part, the necessary information shall be

tifying the

ade clear,
y or in the
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symbq

| is marked.

Table 1
Symbols
Number Symbol Reference Description
1 - _ _ IEC 60417-5031 (2002-10) Direct current
2 N IEC 60417-5032 (2002-10) Alternating current
3 —~~— IEC 60417-5033 (2002-10) Both direct and alternting gurrent
4 1 IEC 60417-5017 (2006-08) Earth (ground)] TERMINAL
5 A IEC 60417-6042 (2010-11) Caution, possibility of electr|c shock
6 & IEC 60417-5041 (2002-10) Caution, hot surface
7 A ISO 7000-0434 (2004-01) Caution @
@ See 5|4.1 which requires manufacturers to state that documentation must be consulted in all cases where this

su2305
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5.1.3 Fuses

Probe assemblies which contain fuses intended to be replaced by an OPERATOR shall be marked with all
the details necessary for the OPERATOR to obtain the correct fuse. These shall include the voltage RATING
and the breaking capacity (the maximum current that the fuse can safely interrupt at the highest RATED
voltage). If there is not sufficient room, Symbol 7 of Table 1 shall be marked on the probe assembly and
the necessary information shall be included in the documentation.

Conformity is checked by inspection.

5.1.4 CONNECTORS and operating devices

If necessgary for safety, an indication shall be given of the purpose of CONNECTORS{\TERMINALS, and
controls, jncluding any sequence of operations.

Conformtty is checked by inspection.
5.1.5 RATING
The RATING of probe assemblies shall be marked as follows.

a) Probe fassemblies which do not have a RATING for MEASUREMENT CATEGORIES II, 111, or IV (see §.5.2) shall
be markdd with the RATED voltage to earth and with Symbol 7)of'Table 1 (see also 5.4.3 k).

b) Probe [assemblies for measurements within MEASUREMENT CATEGORIES Il, Ill and IV (see 6.5.2) shall be

marked With the RATED voltages to earth and the relevant MEASUREMENT CATEGORIES. The MEASUREMENT
CATEGORY markings shall be "CAT II", "CAT llI" or "CAT IV" as applicable.

Marking on a probe assembly shall preferably*be on the probe body. The nature of the voltage (a.c., d.c.,

etc.) shall also be marked, unless the voltage marking applies to both a.c. r.m.s. and d.c. If a|reference
CONNECTPR is intended for connection. to points at a voltage level exceeding the values of 6.3.2, the RATED

voltage shall be marked on the CONNECTOR or as close to the CONNECTOR as is practicable.

For Type|A and Type D probesassemblies only, the RATED current of the probe assembly shall he marked
together |with the RATED yoltage to earth. The RATED current does not need to be marked [on probe
assemblies which are specified for use only in conjunction with equipment which has high-impedance
inputs or [imited-current.outputs.

Conformtty is checked by inspection.

5.2 Warning markings

Warning markings shall be legible when the probe assembly is ready for NORMAL USE.

If it is necessary for the OPERATOR to refer to the instruction manual to preserve the protection afforded by
the probe assembly, the probe assembly shall be marked with the Symbol 7 of Table 1. If a warning
applies to a particular part of the probe assembly, the marking shall be placed on or near this part.

If the instructions for use state that an OPERATOR is permitted to gain access, using a TOOL, to any part
which in NORMAL USE may be HAZARDOUS LIVE, there shall be a warning marking which states that the
probe assembly must be isolated or disconnected from the HAZARDOUS LIVE voltage before access, or
Symbol 7 of Table 1 may be used provided that the information is included in the instructions for use.
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Unless their heated state is self-evident or is obvious from the function of the probe assembly, parts which
are easily touched and are also permitted by 9.1 to exceed the temperature limits of 9.1 shall be marked
with Symbol 6 of Table 1.

Conformity is checked by inspection.
5.3 Durability of markings

Required markings shall remain clear and legible under conditions of NORMAL USE and shall resist the
effects of cleaning agents specified by the manufacturer.

Conformijy is checked by performing the following test for durability of markings on the_outsitle of the
probe asgembly. The markings are rubbed by hand, without undue pressure, for 30 s with'a’cloth soaked
with each|specified cleaning agent, one at a time, or, if not specified, with a solution containing a|minimum
of 70 % isppropyl alcohol in water.

After the above treatment the markings shall be clearly legible and adhesive labels shall not have worked
loose or become curled at the edges.

5.4 Documentation
5.4.1 General

Probe asgemblies shall be accompanied by documentation ‘when necessary for safety purposes. Such
documentation shall include as a minimum:

a) technical specification;
b) instructions for use;
c) name gnd address of manufacturerorsupplier from whom technical assistance may be obtaingd;

d) the infgrmation specified in 5.4.2 t0 5.4.4.

If applicaple, warning statements and a clear explanation of warning symbols marked on the probe
assembly| shall be provided in the documentation or shall be durably and legibly marked on the probe
assembly] In particular, there shall be a statement that documentation needs to be consulted infall cases
where Symbol 7 6filable 1 is used, in order to find out the nature of the potential HAZARD and ary actions
which haye to be-taken.

Conformity s thetked by frrspectior.
5.4.2 Probe assembly RATING

Documentation shall include the voltage and current RATING (as appropriate), and the MEASUREMENT
CATEGORY as well as a statement of the range of environmental conditions for which the probe assembly is

designed (see 1.4).
Conformity is checked by inspection.
5.4.3 Probe assembly operation

Instructions for use shall include, if applicable:
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a) identification of operating controls and their use in all operating modes;

b) for probe assemblies designed for use only with a specific model of equipment, a clear identification of
the equipment;

c) an explanation of symbols related to safety which are used on the probe assembly;

d) a definition of the relevant MEASUREMENT CATEGORY if marking is required on the probe assembly (see
5.1.5);

e) a spedification of limits for intermittent operation, if applicable;

f) instructions for interconnection to accessories and other equipment, including indi€ation qf suitable
accessorjes, detachable parts and any special materials;

g) instrugtions for cleaning;
h) instrugtions for replacement of consumable materials;

i) for probe assemblies which do not have PROBE WIRE with a wear indicator, instructions to pgriodically
inspect the PROBE WIRE;

j) for prolbe assemblies which do have PROBE WIRE with a wear indicator, a warning not to use [the probe
assembly if the wear indicator has become visible (see 12:3.2);

k) for prgbe assemblies which do not have a RATING-for MEASUREMENT CATEGORIES I, IlI, or IV, g warning
not to us¢ the probe assemblies for measurements on mains circuits;

) for Type B probe assemblies, if the RATED Voltage of the PROBE WIRE is lower than the RATED poltage of
the PROBE TIP, a warning that the PROBE WIRE may not provide adequate protection if it comes into contact
with a HAFARDOUS LIVE part;

m) a warhing that the applicable, MEASUREMENT CATEGORY of a combination of a probe assemfly and an
accessory is the lower of thesMEASUREMENT CATEGORIES of the probe assembly and of the accesspry.

There shall be a statement in the instructions that, if the probe assembly is used in a manner nof specified
by the manufacturer) thie protection provided by the probe assembly may be impaired.

Conformtty is chiecked by inspection.

5.4.4 Probe assembly maintenance and service

Instructions shall be provided to the RESPONSIBLE BODY in sufficient detail to permit safe maintenance and
inspection of the probe assembly, and to ensure continued safety of the probe assembly after the
maintenance and inspection procedure.

The manufacturer shall specify any parts which are required to be examined or supplied only by the
manufacturer or his agent.

The RATING and characteristics of fuses used shall be stated (see 5.1.3).
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Instructions on the following subjects shall be provided for service personnel, as necessary to permit safe
servicing and continued safety of the probe assembly after servicing if the probe assembly is suitable to be

serviced:

a) product-specific risks that may affect the service personnel;

b) protective measures for these risks;

c) verification of the safe state of the probe assembly after repair.

Instructions for service personnel do not need to be supplied to the RESPONSIBLE BODY, but should

available

Conformily is checked by inspection.

6 Proteq

6.1 General

Protectiorf
ACCESSIBI

If it is ng
HAZARDOU
HAZARDOU

a) parts irf
during re

b) PROBE

C) unmatg

Conformity is checked by the determination of 6.2 and the measurements of 6.3, followed by th

6.4t06.7

6.2 Detérmination ©f ACCESSIBLE parts

6.2.1 Ge¢neral

0 service personnel.

ction against electric shock

against electric shock shall be maintained in NORMAL CONDHION and SINGLE FAULT C
E parts of probe assemblies shall not be HAZARDOUS LIVE (see 6.3).

t feasible for operating reasons to prevent the¢following parts being both ACCESY
S LIVE, they are permitted to be ACCESSIBLE to the ©PERATOR during NORMAL USE whilg
S LIVE:

tended to be replaced by the OPERATOR (for example, fuses) and which may be HAZAR
lacement, but only if they have warningimarkings in accordance with 5.2;

[IPS, provided that they meet the requirements of 6.4.3;

d CONNECTORS as specified\in 6.4.2 c).

be made

DNDITION.

IBLE and
they are

DOUS LIVE

e tests of

Unless ol VIOUS; determination of whether a par!‘ IS ACCESSIBLE is-made-as cpnn':f,:nd in6224

nd 6.2.3.

Test fingers (see Annex B) and pins are applied without force. Parts are considered to be ACCESSIBLE if
they can be touched with any part of a test finger or pin, or if they could be touched in the absence of a
covering which is not considered to provide suitable insulation (see 6.7.2).

If, in NORMAL USE, an OPERATOR is intended to perform any actions (with or without a TooL) that could
increase the accessibility of parts, such actions are taken before performing the examinations of 6.2.2 and

6.2.3.

NOTE Examples of such actions include:

a) removing

b) adjusting

covers;

controls;
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¢) replacing consumable materials;

d) removing or installing parts and supplied accessories.
Figure 6 gives methods for determination of ACCESSIBLE parts of probe assemblies.
6.2.2 Examination

The jointed test finger (see Figqure B.2) is applied in every possible position without force. The test is
applied to all outer surfaces.

1 2 3 4 5
——l }:I-{l:]]]]]ll]]]D:I IR 0 v e 10 ]
IEC
su2306
Key
1 accessdry PROBE TIP 4 CONNECTOR
2 PROBE(TIP 5 CONNECTOR to equipment
3 probe body

Figure 6a — Parts of a probe assembly

IEC

su2307

Key
1 CONNECTOR
Figure 6b — Fully-mated probe assembly (see 6.2 and 6.4.2 a)
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su2308a

K{\

IEC

Connecting
I Note the twg

su2309a

Key
F rigid test

possible positions of the test finger.

R e r D)

finger (see Figure B.1)

H potentially HAZARDOUS LIVE-part

I Note the tW

Meth

o possible positions of the test finger.

Figure 6¢ — Partiallymated probe assemblies (see 6.2 and 6.4.2 b))

Figure 6d — Unmated parts of a probe assembly (see 6.2 and 6.4.2 c))

Figure 6

barts are partially mated so as just to make electrical contact while allowing maximum access to the test fingef.

[

ods'for determination of ACCESSIBLE parts (see 6.2) and for voltage tests of (see 6,

IEC

4.2)
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6.2.3 Openings for pre-set controls
A metal test pin 3 mm in diameter is inserted through holes intended to give access to pre-set controls
which require the use of a screwdriver or other TOOL. The test pin is applied in every possible direction

through the hole. Penetration shall not exceed three times the distance from the ENCLOSURE surface to the
control shaft or 100 mm, whichever is smaller.

6.3 Limit values for ACCESSIBLE parts

6.3.1 General

Except as permitted in 6.1, the voltage between an ACCESSIBLE part and earth, or between any two
ACCESSIBLE parts on the same probe assembly, shall not exceed the levels of 6.3.2 in NORMAL CONDITION or

of 6.3.3 in SINGLE FAULT CONDITION.

Outer copductors (shields) of probe assemblies, intended to be floating, are considered to be Held at the
same volfage as the PROBE TIP.

The ACCHSSIBLE voltage shall be measured (see 6.3.4). If the voltage is below the levels of 6.3.2 a) or 6.3.3
a) as apglicable, the touch current and the capacitance need not be measured. If the voltage ex¢eeds that
level, thg touch current and the capacitance shall be measured. For high frequencies test pfobes, the
alternativie method of 6.3.4.3 can also be used.

Conformity is checked by inspection and as specified in 6.3.2.to 6.3.3.
6.3.2 Levels in NORMAL CONDITION

Voltages|above the levels of a) are deemed_ te.'be HAZARDOUS LIVE if any of the levels of b)|or c) are
exceeded at the same time.

a) The alc. voltage levels are 30 V rim.s. or 42,4 V peak, and the d.c. voltage level is 60 V. For probe
assembligs intended for use in WET\LOCATIONS, the a.c. voltage levels are 16 V r.m.s. or 22,6 V peak, and
the d.c. vpltage level is 35 V.

b) The tolich current levels are:

1) 0,5 mA r.m:s:. for sinusoidal waveforms, 0,7 mA peak for non-sinusoidal waveforms or mixed
frequencies;{or 2 mA d.c., when measured with the measuring circuit of Figure A.1. If the frequency
does notexceed 100 Hz, the measuring circuit of Figure A.2 can be used. The measuring circuit of
Figure A5 is used for probe assemblies intended for use in WET LOCATIONS.

2) 70 mA r.m.s. when measured with measuring circuit of Figure A.3. This relates to possible burns
at frequencies above 100 kHz.

c¢) The levels of capacitive charge or energy are:

1) 45 pC charge for voltages up to 15 kV peak or d.c. Line A of Figure 7 shows the capacitance
versus voltage for cases where the charge is 45 uC.

2) 350 mJ stored energy for voltages above 15 kV peak or d.c.
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6.3.3 Levels in SINGLE FAULT CONDITION

In SINGLE FAULT CONDITION, Vvoltages above the levels of a) are deemed to be HAZARDOUS LIVE if any of the
levels of b) or c) are exceeded at the same time.

a) The a.c. voltage levels are 50 V r.m.s. or 70,7 V peak, and the d.c. voltage level is 120 V. For probe
assemblies intended for use in WET LOCATIONS, the a.c. voltage levels are 33 V r.m.s. or 46,7 V peak, and
the d.c. voltage level is 70 V.

b) The touch current levels are:

1)13,5 mA r.m.s. for sinusoidal waveforms, 5 mA peak for non-sinusoidal waveforms'|or mixed
frequencies, or 15 mA d. c., when measured with the measuring circuit of Figure Al1. If the

frequency does not exceed 100 Hz; the measuring circuit of Figure A.2 ¢an“be used. The
measuring circuit of Figure A.5 is used for probe assemblies intended for use-in-WET LOCATIONS.

2) 500 mA r.m.s. when measured with the measuring circuit of Figure Ai3:-This relates tq possible
burns at frequencies above 100 kHz.

c) The capacitance level is line B of Figure 7.
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109 -
102 2 3 5 7 103 2 3 5 7 104 2 3 57105V

IEC

su2310

Key
A =NORMAL CONDITION
B = SINGLE FAULT CONDITION

Figure 7

Capacitance level versus voltage in NORMAL CONDITION and SINGLE-FAULT CONDITION (see 6.3.2 ¢) and
6.3.3¢c))
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6.3.4 Measurement of voltage and touch current

6.3.4.1 General

Measurement of voltage and touch current on ACCESSIBLE parts of probe assemblies is carried out with
metal foil wrapped around each of the following parts, individually:

a) the probe body;

b) hand-held or hand-manipulated parts of each CONNECTOR;

c) 150 mm = 20 mm of the PROBE WIRE or the maximum length of the cable whichever is shorter;

d) other hand-held or hand-manipulated parts.

The RATED voltage to earth is applied between the PROBE TIP (1) and the earth\The voltage is r

between

between ¢ach of the foil-wrapped items and the earth (see Figure 8 and Figlre 9).

Key

1 PROBE

2 Measure
2a Co
2b Co
2c Co

3 Maximun

he foil and the earth. If necessary, the measurement circuit is connected in turn (2a

IEC

su2311

[IP
Mment of voltage or touth current (see annex A for applicable measuring circuits for touch current measuremen

hnection to metalfoil tightly wrapped around parts intended to be hand-held or hand-manipulated
hnection to metal foil tightly wrapped around the CONNECTOR

hnection to metal foil tightly wrapped around the cable

neasured
2b - 2c)

ts)

h RATED voltage with connection to internal conductor of the PROBE WIRE

4 Not connected to test or measuring equipment

Figure 8

Voltage and touch current measurement
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| IR ——

P
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=

su2312

Key
1 PROBE(TIP of the reference CONNECTOR
2 Measurg¢ment of voltage or touch current (see annex A for applicable measuring circuits for touch current measuremenhts)

3 Maximum RATED voltage for the reference CONNECTOR

Figure 9

Voltage and touch current measurement for the reference CONNECTOR

6.3.4.2 |Probe assemblies with floating outer'conductors

For prob¢ assemblies where the outer ¢onductor (shield) connection may be intended to be flgating, the
test is aldo performed between the outerconductor PROBE TIP (5) and the earth (see Figure 10).

The touch current is determined by using the applicable measuring circuit of Annex A.
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su2313 =
Key
2 Measurement of voltage or current (see Annex A for applicable measuring circuits for touch current mgasurements)
2a Cohnection to metal foil tightly wrapped around parts intended to be hand-held or hand-manipulated
2b Copnection to metal foil tightly wrapped around the CONNECTOR
2c Copnection to metal foil tightly wrapped around the cable
3 Maximurp RATED voltage with connection to outer conductor PROBE TIP
4 Not connected to test or measuring equipment
5 A floatind PROBE TIP connected to the shield or outer conductor of the PROBE WIRE
Figure 10
Voltage and touch current measurement with shielded test probe
6.3.4.3 High frequency test probes
In case of test probes RATED for frequencies above 100 kHz, with floating outer conductor (shield), the
maximum| allowable voltage between the shield and ACCESSIBLE parts of the probe have to be determined
to avoid glectrical burns. The touch current shall be measured in the whole frequency range and at
maximum| voltage in each frequency range.
The meagurements are made (see Figure 10):
a) betwedn the shiéld-and the foil around the probe body (2a), and
b) betwedn the shield and the foil around the coaxial CONNECTOR (2b), and
c¢) between the shield and the foil around the PROBE WIRE (2c).

Alternative to the touch current measurement, the capacitance between the shield and the foil can be
measured for the cases a) to c).

The capacitance Cs (measured capacitance between the shield and the foil) together with the circuit from
Figure A.3 creates the impedance shown in Fiqure A.4. The variable parameters of this impedance are the

capacity Cs and the frequency (R1, C1 and R2 are fixed). With the means of these two parameters and
with regard to electrical burns the maximum allowable voltage for the test probe can be calculated, for
example for an allowable touch current of 70 mA (i.e. 35 V over R2) as shown in Figure 11 for some values

of the cap

acitance Cs.

The maximum voltage for each frequency can then be calculated.
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NOTE In practice for the calculation with frequencies above 100 kHz, the values of R1 and C1 can be ignored.
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Key
—&— 1D pF between probe (shield) and foil
—=— 2P pF between probe (shield) and foil
—a— 5] pF between prolie (shield) and foil
=—o—  1P0 pF betwegfi:probe (shield) and foil
su2314
Figure 11

Maximum test probe Input voltage tor /U mA touch current
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6.4 Means of protection against electric shock
6.4.1 General
CONNECTORS shall meet the requirements of 6.4.2.

PROBE TIPS shall meet the requirements of 6.4.3.

All other ACCESSIBLE parts of probe assemblies shall be prevented from becoming HAZARDOUS LIVE in both

NORMAL CONDITION and SINGLE FAULT CONDITION by one or more of the following means:

a) DOUBLH

b) BASIC INSULATION plus impedance (see 6.4.4);

C) REINFO
d) PROTE(

NOTE The H

Conformily is checked by inspection and as specified in 6.4.2 to 6,4.6, as applicable.

6.4.2 c¢

Insulation
requireme

Annex E §
a) CONNE(

1)

measurement equipment and which are not intended to be hand-held during the mea

op

2)
be
Dd

INSULATION, consisting of BASIC INSULATION plus SUPPLEMENTARY INSULATION (see 6.4.6);

RCED INSULATION (see 6.4.6);
TIVE IMPEDANCE (see 6.4.5).

ROBE WIRE is considered to be hand-held. Also see Clause 12 for requirements pertaining to the PROBE W

DNNECTORS

ACCESSIBLE parts and SPACINGS for CONNECTORS of probe assemblies shall meet the g
nts of a) to c) below.

rovides information regarding the recommended dimensions of 4 mm CONNECTORS.
TORS in fully-mated position.

ACCESSIBLE parts of CONNECTORS used only for connecting the probe assembly to th

eration shall be insulated from HAZARDOUS LIVE parts by BASIC INSULATION.

IACCESSIBLE parts of CONNECTORS which are used for any other purpose or which are in

hand-held*during the measurement operation shall be insulated from HAZARDOUS LIVE
UBLE INSULATION Or REINFORCED INSULATION.

IRE.

pplicable

e test or
surement

ended to
parts by

nformity is checked by the determination of ACCESSIBLE parts as specified in 6.2 (sé

b) CONNECTORS in partially-mated position.

e Figure

ACCESSIBLE parts of CONNECTORS in partially-mated condition shall be insulated from HAZARDOUS

LIVE parts by BASIC INSULATION.

Conformity is checked by the determination of ACCESSIBLE parts as specified in 6.2 (see Figure

6 ¢)) and as specified in 6.4.6 for BASIC INSULATION.
C) CONNECTORS in unmated position.

When the RATED voltages to earth are applied to other CONNECTORS or PROBE TIPS of t
assembly,

he probe
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1) Conductive parts of locking-type or screw-held-type CONNECTORS including CONNECTORS

which do not require the use of a TooL for unlocking or unscrewing are permitted to be
ACCESSIBLE while they are in unmated position,

2) unmated integrated TERMINALS of STACKABLE CONNECTORS shall be protected by BASIC
INSULATION (see Figure 5),

3) Conductive parts of other unmated CONNECTORS shall be prevented from becoming
HAZARDOUS LIVE by PROTECTIVE IMPEDANCE (see 6.4.5) or shall have SPACINGS meeting the

following requirements:

i) for unmated CONNECTORS with voltage RATING up to 1 000 V a.c. or 1 500 V d.c.,
the applicable sPACINGS of Table 2 from the closest approach of the fest finger
touching the external parts of the CONNECTOR in the least favorable position (see

Figure 6 d), or

ii) for unmated CONNECTORS with voltage RATING exceeding 1 000V a.c. or | 500 V d.
c., the SPACINGS shall not be less than 2.8 mm and shall withstand the voltage test of
6.6 with a test voltage equal to the RATED voltage of the"CONNECTOR multiplied by
1,25.

Table 2
SPACINGS for unmated CONNECTORS RATED up to 1 000V arc. or 1 500 V d.c. with HAZARDOUS LIVE
conductive parts

Vqgltage on conductive parts of CONNECTOR SPACING
Va.c.rm.s.orVd.c. mm
>30<300 0,8
> 300 <600 1,0
> 600 < 1 000 2,6
>1000<1500°2 2,8

@ only for dl.c. voltage

Cpnformity is checked by inspection, by measuring the current or voltage to confirm that they do
not exceed thetapplicable levels of 6.3, by the determination of ACCESSIBLE parts as specified in 6.2
(see Figure/6.¢)) and measuring the applicable SPACINGS, and if applicable, the voltage tegt of 6.6.

Insulation cavers or sleeves over CONNECTORS which are intended to be hand-held or hand- mnipulated
by the oOH
the use
example, retractable msulatlon sleeves are not considered to provide adequate protectlon The only case
in which they are acceptable is where they are needed for connection to test or measurement equipment
that is equipped with TERMINALS which cannot accept fully shrouded CONNECTORS.

Conformity is checked by inspection.
6.4.3 PROBE TIPS

6.4.3.1 General

PROBE TIPS that can become HAZARDOUS LIVE during NORMAL USE (see also 6.1 b)) shall meet the
requirements of one 0f 6.4.3.2, 6.4.3.3, or 6.4.3.4.
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PROBE TIPS that can be used as CONNECTORS shall also meet the requirements of 6.4.3.5.

NOTE See Clause 13 for additional requirements for the exposed conductive parts of PROBE TIPS.

SPRING-LOADED CLIPS and similar probes that are intended to pierce the insulation of a wire to touch the
conductor for measuring voltage purposes shall not have a voltage RATING above the levels of 6.3.2 a).

Conformity is checked by inspection and measurement.

6.4.3.2 Protection by a PROTECTIVE FINGERGUARD

If a condU
to reduce
the limit b

SPACINGS
FINGERGU

The heigh
shall be a

The PROTECTIVE FINGERGUARD of probe assemblies which have @ voltage RATING above the
nall extend across at least 80 % of the sides where the-fingers are intended to be applied.

6.3.2a)s

Figure 12
SPACINGS|

1

su2315

ctive part of a PROBE TIP can become HAZARDOUS LIVE, a PROTECTIVE FINGERGUARD shal
the risk of touching an exposed conductive part of the PROBE TIP, and to provide @n 'ind
eyond which it may be hazardous to touch the probe body during use.

between the HAZARDOUS LIVE part of the PROBE TIP and the hand-held_side of the PR
\RD shall be those specified for REINFORCED INSULATION.

t of the PROTECTIVE FINGERGUARD from the side where the fingers'are intended to b
least 2 mm.

gives an example of a probe assembly with a PROTECTIVE FINGERGUARD and indicates 3

2

| be fitted
ication of

OTECTIVE

e applied

levels of

pplicable

IEC

Key

1 PROBE TIP
2 CREEPAGE DISTANCE (along surface)

3 CLEARANCE (in air)

4 hand-held area of probe body
5 PROTECTIVE FINGERGUARD

Figure 12

Protection by a PROTECTIVE FINGERGUARD
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6.4.3.3 Protection by distance

SPRING-LOADED CLIPS RATED for voltages to earth up to 1 kV are acceptable without a PROTECTIVE
FINGERGUARD provided that:

a) actuation of the spring-loaded mechanism prevents the OPERATOR from touching a HAZARDOUS LIVE part;
and

b) the SPACINGS between the PROBE TIP and the nearest surface which the OPERATOR needs to touch to
actuate the mechanism are increased by an additional protective distance of 45 mm.

Figure 13 gives an example of a probe assembly protected by distance and indicates applicable)§PACINGS.

2 3

@\C( ]
1

.
™4

IEC
su2316

Key
1 PROBE(TIP
2 CLEARANCE and CREEPAGE DISTANCE as-specified in 6.5

3 additiongl protective distance
4 actuating parts

5 hand-held area of the probe assembly

Figure 13

Protection by distance

6.4.3.4 Protectionbytactile-indicatot

SPRING-LOADED CLIPS RATED for MEASUREMENT CATEGORY Il or without MEASUREMENT CATEGORY for

maximum 300 V which require finger pressure at about 90° to the axis of the clip are acceptable without a
PROTECTIVE FINGERGUARD, provided that there is a tactile indicator to indicate the limit of safe access for

the OPERATOR.

Figure 14 gives an example of a SPRING-LOADED CLIP with a tactile indicator.
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IEC

su2317

Key
1 tactile indicator
2 metal jaws

3 insulated metal jaws

Figure 14

Protection by tactile indicator

6.4.3.5 PROBE TIPS used as CONNECTORS

PROBE TIPS which can be used as CONNEETORS and are intended to be connected to specified acgessories
(for exanjple to a SPRING-LOADED cCLIP)} shall, in combination with those accessories, also meet the
requirements for CONNECTORS in fullyzmated position and partially-mated position (see 6.4.2 a) arld b)).

6.4.4 Impedance

Impedande used as an additional means of protection in conjunction with BASIC INSULATION shall meet all
the follow|ng requirements:

a) it shall [imit the>current or voltage to not more than the applicable levels of 6.3.3;

: £ 4 e 1 P PR AT T I 1) : 4
b) it Sha” UC RATED 10T UTE WURRING VULTAGE dAdlTU TUI TS AalTiourTt UT'pUWET UTal It Wi Uissipdle,

C) SPACINGS between terminations of the impedance shall meet the applicable requirements of 6.5 for
BASIC INSULATION.

Conformity is checked by inspection, by measuring the voltage or current to confirm that they do not
exceed the levels of 6.3.3, and by measuring CLEARANCE and CREEPAGE DISTANCE as specified in 6.5.

6.4.5 PROTECTIVE INPEDANCE

A PROTECTIVE IMPEDANCE shall limit the current or voltage to the levels of 6.3.2 in NORMAL CONDITION and
6.3.3 in SINGLE FAULT CONDITION (see also 4.4.2.2).
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Insulation between the terminations of the PROTECTIVE IMPEDANCE shall meet the requirements of 6.4.6 for
DOUBLE INSULATION or REINFORCED INSULATION.

A PROTECTIVE IMPEDANCE shall be one or more of the following:

a) an appropriate single component which shall be constructed, selected and tested so that safety and

reliability

for protection against electric shock is assured. In particular, the component shall be:

1) RATED for twice the WORKING VOLTAGE;

2

if o resistor RATED for twice the power dieeipnﬁnn for the WORKINGVOLTAGE:
7 7

3

b)a com

V(

A PROTE
vacuum,

Conform
exceed t
componeg

if a capacitor, RATED for the maximum transient overvoltage;

bination of components.

When a combination of components is used, the SPACINGS shall takeninto account the

LTAGE across each insulation.

CTIVE IMPEDANCE shall not be a single electronic device that’employs electron condy
gas or semiconductor.

ty is checked by inspection, by measuring the current or voltage to confirm that th
ne applicable levels of 6.3 and by measuring SPACINGS as specified in 6.5. Conformity
nt is checked by inspection of its RATING.

6.4.6 BASIC INSULATION, SUPPLEMENTARY INSULATION;'DOUBLE INSULATION and REINFORCED INSU

SPACINGS
INSULATIQ

6.5.

DOUBLE IN
meet the

Conform
6.5 Ins

651 T

and solid insulation forming BASIC INSULATION, SUPPLEMENTARY INSULATION Or R
N between ACCESSIBLE parts and HAZARDOUS LIVE parts shall meet the applicable requir

ISULATION is comprised of\BASIC INSULATION and SUPPLEMENTARY INSULATION, each of w
applicable requirements\of 6.5.

ty is checked as specified in 6.5.
ilation requirements

he nature of insulation

6.5.1.1

WORKING

ction in a

ey do not
bf a single

LATION

INFORCED
ements of

hich shall

General

Insulation between circuits and ACCESSIBLE parts (see 6.2) or between separate circuits consists of
SPACINGS, solid insulation, or a combination of SPACINGS and solid insulation. SPACINGS comprise both
CLEARANCES and CREEPAGE DISTANCES.

When used to provide protection against a HAZARD, the insulation needs to withstand the electric stresses
that are caused by the voltages that may appear on parts of the probe assembly.

The requirements for insulation depend on:

a) the required level of insulation (BASIC INSULATION, SUPPLEMENTARY INSULATION, or REINFORCED
INSULATION);
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b) the maximum transient overvoltage that may appear on the circuit, either as a result of an external event
(such as a lightning strike or a switching transient), or as the result of the operation of the probe assembly;

c) the WORKING VOLTAGE;
d) the POLLUTION DEGREE of the micro-environment.
6.5.1.2 SPACINGS

6.5.1.2.1 General

SPACINGS fare a combination of CLEARANCES and CREEPAGE DISTANCES, which are specified in6.5'[1.2.2 and
6.5.1.2.3 s0 as to withstand the voltages that appear on the system for which the probe asgembly is
intended.|Also, they are selected to take account of the intended environmental conditions|and any
protectivel devices fitted within the probe assembly or required by the manufacturer’s-instructions.

6.5.1.2.2 [ CLEARANCES

CLEARANCES are specified to withstand the maximum transient overvoltage that can be presept on the
circuit to which the probe assembly can be connected in NORMAL USEyMf transient overvoltaggs cannot
occur, CLEARANCES are based on the WORKING VOLTAGE.

The valugs for CLEARANCES given in Table 6 and Table 7 afe based on absolute inhomogengous field
conditiong. Reduced CLEARANCES may apply to constructionsiwhich are shaped in a way to creale a more
homogengous condition, because the dielectric strength ‘ef an air gap is dependent on the shape of the
electric figld within the gap, as well as on the width of the gap.

No particylar value can be specified for a reducedCLEARANCE for these more homogeneous consructions,
but it can be tested by a voltage test (see 6.6).“€LEARANCES which meet the values of Table 6 and Table 7
will meet |the requirements for any construction and need not be tested by a voltage test, byt can be
checked jy measurement alone.

If the prolhe assembly is RATED to‘operate at an altitude greater than 2 000 m, the values for CLEARANCES
are multiplied by the applicable.factor of Table 3.

Multiplication factors-for CLEARANCES of probe-le-laszlgrgbly RATED for operation at altitudes up to 5 000
m
RATED operating altitude
m Multiplication-fact
Up to 2 000 1,00
2001 to 3000 1,14
3001 to 4 000 1,29
4001 to 5000 1,48

In all cases, the minimum CLEARANCE value for POLLUTION DEGREE 2 is 0,2 mm and for POLLUTION DEGREE 3
is 0,8 mm.

See Annex C for details of how to measure CLEARANCES.
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Conformity is checked by inspection, measurement, and in the case of more homogeneous construction
by the voltage test of 6.6.

6.5.1.2.3 CREEPAGE DISTANCES

CREEPAGE DISTANCES shall be based on the actual WORKING VOLTAGE which stresses the insulation (see
Table 9). Linear interpolation of CREEPAGE DISTANCE is permissible.

Coatings that meet the requirements of Annex H of IEC 61010-1:2010 when applied to the outer surfaces
of printed wiring boards reduce the POLLUTION DEGREE of the coated area to POLLUTION DEGREE 1.

§.5.1.2.3DV D2 Modification of Clause 6.5.1.2.3, second paragraph by replacing-it-with the
following:

QREEPAGE DISTANCES for POLLUTION DEGREE 1 are applied to coated printed wiring boards
Yhose coatings meet the requirements of IEC 60664-3 for type A coatings or UL| 746E for
donformal coatings.

<

For REINFORCED INSULATION, the value of the CREEPAGE DISTANCE is twiCe the value specified|for BASIC
INSULATIQN.

CREEPAGE DISTANCES protect against tracking on the surface“of an insulation, which is a [long-term
phenomgnon. Therefore, they cannot be confirmed by voltage testing, but have to be measured as
specified|in Annex C.

Conformtty is checked by inspection and measurement.

6.5.1.3 [SOLID INSULATION

The term “solid insulation” is used to‘describe many different types of construction, including monolithic
blocks of insulating material and\insulation subsystems composed of multiple insulating materials,
organized in layers or otherwise,

The electric strength of a thickness of solid insulation is considerably greater than that of the same
thicknesg of air. The insulating distances through solid insulation are therefore typically smalley than the
distanceg through airJAs a result, electric fields in solid insulation are typically higher, and oftep are less
homogerjeous.

Solid insulation"material may contain gaps or voids. When a solid insulation system is constrycted from
layers of [solid materials, there are also likely to be gaps or voids between layers. These voids will perturb
the electric field so that a disproportionately large part of the electric field is located in the void, potentially
causing ionization within the void, resulting in partial discharge. These partial discharges will influence the
adjacent solid insulation and may reduce its service life.

Solid insulation is not a renewable medium: damage is cumulative over the life of the equipment. Solid
insulation is also subject to ageing and to degradation from repeated high voltage testing.

Conformity is checked as specified in 6.5.2.5 and 6.5.2.6.
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6.5.2 Insulation requirements for probe assemblies

6.5.2.1 GENERAL

Measuring circuits are subjected to WORKING VOLTAGES and transient stresses from the circuit to which they
are connected during measurement or test. When the measuring circuit is used to measure mains
supplies or circuits directly connected to them, the transient stresses can be estimated by the location
within the installation at which the measurement is performed. When the measuring circuit is used to
measure any other electrical signal, the transient stresses should be considered by the OPERATOR to

ensure that they do not exceed the capabilities of the probe assembly.

6.5.2.2 CLEARANCES for probe assemblies of MEASUREMENT CATEGORIES Il, lll and IV
CLEARANCES for probe assemblies of MEASUREMENT CATEGORIES I, Il and 1V are specified in“Table[6.
_Table 6
CLEARANCES of probe assemblies RATED for MEASUREMENT CATEGORIES
Nominal d.c. r. CLEARANCE
m.s. line}to- mm
neutral o d.c.
voltage|of
mains to which
the probe
assembly is
designed o be BASIC INSULATION and SUPPLEMENTARY
connected INSULATION REINFORCED INSULATION
MEASURE- MEASURE- MEASURE- MEASURE- MEASURE- MEASURE-
v MENT MENT MENT MENT MENT NENT
CATEGORY Il | CATEGORY Il | CATEGORY IV | CATEGORY Il | CATEGORY Il | CATEGORY IV
<50 0,04 0,1 0,5 0,10 0,32 1,4
> 50 < 100 0,1 0,5 1,5 0,32 1,4 3,0
>100 < 150 0,5 1,5 3,0 1,4 3,0 6,0
> 150 < 300 1,5 3,0 5,5 3,0 6,0 10,4
> 300 < 600 3,0 5,5 8 6,0 10,4 15
> 600 < 1(000 5,5 8 14 10,4 15 03,9
> 1000 < 1500 8 1 18 16 22 36
> 1500 < 2 000 14 18 22 28 36 44
> 2000 < $ 000 18 22 25 36 44 50
Conformity-isichecked by inspection and measurement or by the a.c. voltage test of 6.6.5.1 with 4 duration

of at least 5 s or the impulse voltage test of 6.6.5.3, or for probe assemblies stressed only by d.c., the
1 min d.c. voltage test of 6.6.5.2 or the impulse voltage test of 6.6.5.3, using the test voltage of Table 10 for
the required CLEARANCE.

6.5.2.3 CLEARANCES for probe assemblies which are not RATED for MEASUREMENT CATEGORIES I, lll,

or |V
6.5.2.3.1 General
CLEARANCES for probe assemblies which are not RATED for MEASUREMENT CATEGORIES I, IIl, or IV are

calculated according t0 6.5.2.3.2.
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If they have either of the following characteristics, CLEARANCES are also determined according to 6.5.2.3.3,
and the larger of the two CLEARANCE values is the required CLEARANCE:

a) the WORKING VOLTAGE includes a recurring peak voltage that may include a periodic non-sinusoidal
waveform or a non-periodic waveform that occurs with some regularity;

b) the WORKING VOLTAGE has a frequency above 30 kHz.

6.5.2.3.2 CLEARANCE calculation

CLEARANCES fOI BASIC INSULATION and SUPPLEMENTARY INSULATION are determined from the] following
formula:

CLEARANCE =D, + F x (D, ~ D))

where
F is a facfor, determined from one of the equations:

FF (1,25 x U,/U,,) - 0,25 if U,/U,, > 0,2

FEFOif U, /U,<0,2

where

U, = Uy + Ug;

U}, = the maximum peak value of the WORKING VOLTAGE;
U} = the maximum additional transient‘overvoltage

D, and D}, are values taken from Table 7 for U,;,.

where

D, repregents the CLEARANEE that would be applicable to a transient overvoltage with the shapejof a 1,2 x
50 us impulse

D, repregents the CLEARANCE that would be applicable to the peak WORKING VOLTAGE without any transient
overvoltage

CLEARANCES fOr REINFORCED INSULATION are twice the vaiues for BASIC INSULATION.

Conformity is checked by inspection and measurement or by the a.c. voltage test of 6.6.5.1 with a duration
of at least 5 s, or the impulse voltage test of 6.6.5.3, using the applicable voltage from Table 10 for the
required CLEARANCE.
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Table 7 .
CLEARANCE values for the calculation of 6.5.2.3.2

Maximum voltage CLEARANCE Maximum voltage CLEARANCE
Un D, D, Un D, D,
\'/ mm mm \'4 mm mm
14,1 to 266 0,010 0,010 4000 2,93 6,05
283 0,010 0,013 4530 3,53 7,29
330 0,010 0,020 5660 4,92 10,1
354 0,013 0,025 6 000 5,37 10,8
45 0,027 0,052 7070 6,86 18,1
50 0,036 0,071 8000 8,25 15,2
564 0,052 0,10 8910 9,69 11,2
707 0,081 0,20 11 300 12,9 298
80 0,099 0,29 14 100 16,7 29,5
89 0,12 0,41 17700 24,8 38,5
1130 0,19 0,83 22600 29,0 51,2
1410 0,38 1,27 28 300 37,8 66,7
1500 0,45 1,40 35400 49,1 86,7
1770 0,75 1,79 45300 65,5 16
2260 1,25 2,58 56.600 85,0 160
2570 1,45 3,00 70700 110 1P5
2830 1,74 3,61 89100 145 255
3540 2,44 5,04 100 000 165 200

Linear intefpolation is allowed.

NOTE The f
CLEARANQG

voltage of 4

Maximum

Values deriv

oltage

bllowing is an example calculation:

ed.from Table 7 at 8 000 V:

Uy € Uy + U, = (3 500 + 4 500) V = 8 000 V
U/ Uy = 3500/8 000 = 0,44 > 0,2
thus F = (1,25 x U, / Uy ) — 0,25 = (1,25 x 3500 / 8 000) — 0,25 = 0,297

E for REINFORCED INSULATION for a WORKING VOLTAGE with peak value of 3 500 V and an additiorfal transient
600 V (this can be expected wijthin.an electronic switching-circuit):

D, =8,25mm, D, = 15,2 mm

CLEARANCE =D, + F x (D, — D;) = 8,25+ 0,297 x (15,2 - 8,25) = 8,25 + 2,06 = 10,3 mm

For REINFORCED INSULATION the value is doubled. CLEARANCE = 20,6 mm.

6.5.2.3.3 CLEARANCES for probe assemblies subjected to recurring peak voltages, or WORKING

VOLTAGES with frequencies above 30 kHz, or both

CLEARANCES for BASIC INSULATION and SUPPLEMENTARY INSULATION for probe assemblies subjected to
recurring peak voltages with frequencies not exceeding 30 kHz shall meet the values of the second
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column of Table 8, using the recurring peak voltage as the index (see Figure 18 for an example of a
recurring peak voltage).

NOTE In most practical recurring waveforms, the fundamental frequency has a substantially higher amplitude than the harmonics.
Therefore, the fundamental frequency is to be used for determining whether the frequency of the waveform exceeds 30 kHz.
However, the peak amplitude of the waveform, and not the peak amplitude of the fundamental component of the waveform, is to be
used for determining SPACINGS. For more information, see E.2 of IEC 60664-4:2005.

su1128 IEC 1206/02

Key
A peak valle of recurring voltage
B WORKING VOLTAGE value

Figure 18

Example of recurring peak voltage

CLEARANCES for BASICAINSULATION and SUPPLEMENTARY INSULATION for probe assemblies that are [subjected
to WORKING VOLTAGES with frequencies above 30 kHz shall meet the values of the third column of Table 8,
using the| peak:value of the WORKING VOLTAGE as the index.

CLEARAN( p p p ~ may be
subjected to both recurrmg peak voItages and WORKING VOLTAGES W|th frequenmes above 30 kHz shall
meet the higher of these requirements.

CLEARANCES for REINFORCED INSULATION are twice the values for BASIC INSULATION.

Conformity is checked by inspection and measurement.
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Table 8
CLEARANCES for BASIC INSULATION in probe assemblies subjected to recurring peak voltages or
WORKING VOLTAGES with frequencies above 30 kHz

Voltage peak value CLEARANCE
Frequencies up to 30 kHz Frequencies above 30 kHz
\% mm mm
0to 330 0,01 0,02
400 0,02 0,04
500 0,04 0,07
600 0,06 0,11
800 0,13 0,26
1000 0,26 0,48
1200 0,42 0,76
1500 0,76 1,1
2000 1,27 1,8
2500 1,8 2,6
3000 2,4 3,5
4000 3,8 57
5000 5,7 8
6000 7,9 10
8000 1 15
10 000 15,2 20
12 000 19 25
15 000 25 32
20 000 34 44
25 000 44 58
30 000 55 72
40 000 77 100
50 000 100
Linear intefpolation is allowed.
6.5.2.4 [CREEPAGE DISTANCES
CREEPAGH DISTANCES.{or BASIC INSULATION or SUPPLEMENTARY INSULATION for probe assemblies shall meet
the applicable values of Table 9, based on the WORKING VOLTAGE which stresses the insulation. Yalues for
REINFORCED INSUEATION are twice the values for BASIC INSULATION.

ConformifyTsthetked by irspectiornarnd reasurerert.
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Table 9
CREEPAGE DISTANCES for BASIC INSULATION Oor SUPPLEMENTARY INSULATION

CREEPAGE DISTANCES
WORKING Printed wiring board material Other insulating material
VOLTAGE a.c.r.
m.s. or d.c. POLLUTION DEGREE POLLUTION DEGREE

1 2 1 2 3

\' mm mm mm mm mm
10 0,025 0,04 0,08 0,40 1,00
12,5 0,025 0,04 0,09 0,42 1,05
16 0,025 0,04 0,10 0,45 1,10
2 0,025 0,04 0,11 0,48 1,20
25 0,025 0,04 0,125 0,50 1,25
32 0,025 0,04 0,14 0,53 1,3
49 0,025 0,04 0,16 0,56 1,4
50 0,025 0,04 0,18 0,60 1,5
63 0,040 0,063 0,20 0,63 1,6
80 0,063 0,10 0,22 0,67 1,7
100 0,10 0,16 0,25 0,71 1,8
125 0,16 0,25 0,28 0,75 1,9
140 0,25 0,40 0432 0,80 P,0
2do 0,40 0,63 0,42 1,00 D5
240 0,56 1,0 0,56 1,25 B,2
340 0,75 1,6 0,75 1,60 1,0
440 1,0 2,0 1,0 2,0 5,0
5do 1,3 2,5 1,3 2,5 5,3
640 1,8 32 1,8 3,2 B,0
8do 2,4 4,0 24 4,0 10,0
10po 3,2 5,0 3,2 5,0 12,5
12p0 4,2 6,3 42 6,3 16
16p0 5,6 8,0 5,6 8,0 20
2 0po 7.5 10,0 75 10,0 25
2 5p0 10,0 12,5 10,0 12,5 32
32po 12,5 16 12,5 16 40
4 0po 16 20 16 20 50
50po 20 25 20 25 63
6 3P0 25 32 25 32 80
8 000 32 40 32 40 100
10 000 40 50 40 50 125
12 500 50 63 50 63 156
16 000 63 80 63 80 200
20 000 80 100 80 100 250
25000 100 125 100 125 315
32000 125 160 125 160 400
40 000 160 200 160 200 500
50 000 200 250 200 250 625
63 000 250 320 250 320 790

Linear interpolation is allowed.
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6.5.2.5 Solid insulation of probe assemblies RATED for MEASUREMENT CATEGORIES

6.5.2.5.1

6.5.2.5.1.1

General

Solid insulation of probe assemblies RATED for MEASUREMENT CATEGORIES shall withstand the

electrical and mechanical stresses that may occur in NORMAL USE and in all RATED environmental
conditions (see 1.4) during the intended life of the probe assembly.

The manufacturer should take the expected life of the probe assembly into account when selecting
insulating materials.

Conformijy is checked by both of the following tests:

a) the a.c| voltage test of 6.6.5.1 with a duration of at least 5 s using the applicable testwoltage ¢f Table 4
or the imfulse voltage test of 6.6.5.3 using the applicable test voltage of Table 14;

b) the a.c| voltage test of 6.6.5.1 or if stressed only by d.c., the d.c. voltage test of 6.6.5.2, with g duration
of at least| 1 min using the test voltage determined by 6.5.2.5.1.2.

NOTE Test §) checks the effects of transient overvoltages, while test b) checks the effects of long-term stress of solid insufation.

Table 4
a.c. test voltages for testing electric strength of solid insulation in probe assemblies RATED for
MEASUREMENT CATEGORIES
Nominal g.c. r. a.c. test voltage
m.s. line}to- Vv
neutral off d.c. r.m.s
voltage|of
mains bging BASIC INSULATION and SUPPLEMENTARY
measured INSULATION REINFORCED INSULATION
MEASURE- MEASURE- MEASURE- MEASURE- MEASURE- MEASURE-
' MENT MENT MENT MENT MENT NENT
CATEGORY Il | CATEGORY Il | CATEGORY IV | CATEGORY Il | CATEGORY Il | CATEGORY IV
<50 370 500 840 500 720 300
> 50 < 100 500 840 1400 720 1300 2200
>100 < 150 840 1400 2200 1300 2200 500
> 150 < 300 1400 2200 3300 2200 3500 %100
> 300 < 600 27200 3300 4300 3500 5100 1000
> 600 < 1/000 3300 4300 6 600 5100 7 000 1P 000
> 1000 < 1500 4300 5400 8200 7 400 9700 16 000
>1 500 < 2000 6600 8200 Q700 12000 15000 18 000
> 2000 < 3 000 8 200 9700 11 000 15 000 18 000 20 000
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Table 14

Impulse test voltages for testing electric strength of solid insulation in probe assemblies RATED for

MEASUREMENT CATEGORIES

Nominal a.c. r. Impulse test voltage
m.s. line-to- v K
neutral or d.c. pea
voltage of
mains being BASIC INSULATION and SUPPLEMENTARY
measured INSULATION REINFORCED INSULATION
MEASURE- MEASURE- MEASURE- MEASURE- MEASURE- MEASURE-
v MENT MENT MENT MENT MENT MENT
CATEGORY 1| CATEGORY i CATEGORY 1V CATEGORY 1t CATEGORY 11— CATEGORY IV
<5( 500 800 1500 800 1280 2 400
>50<100 800 1500 2500 1280 2400 4 000
> 100 <[150 1500 2500 4000 2400 4000 6 400
> 150 <[300 2500 4000 6 000 4000 6 400 9 600
> 300 </600 4000 6 000 8 000 6 400 9600 2800
> 600 < 1000 6000 8 000 12 000 9600 12 800 9200
> 1000 <[1 500 8000 10 000 15 000 13 500 17 900 27100
> 1500 £[2 000 12 000 15 000 18 000 21400 27 100 2000
> 2000 <[3 000 15000 18 000 20000 27¢100 32000 6 000
6.5.2.5.1]2 Test voltage values for testing long term stress of solid insulation are determined as(follows:
The test yoltage for BASIC INSULATION and SUPPLEMENTARYINSULATION is calculated from:
Up=AxUy+B
where
Us is the fest voltage;

Uy is thenominal a.c. r.m.s. lineto-neutral or d.c. voltage of mains being measured;

A and B are parameters determined as follows:

when Uy 1 000 V4 A=1 and B=1200V

when Uy[> 1.000'V, A=15 and B=750V

The a.c. test voltage is equal to Urand the d.c. test voltage is equal to 1,414 x Uy

For REINFORCED INSULATION, the test voltage value is twice the value for BASIC INSULATION.

6.5.2.5.1.3 Solid insulation shall also meet the following requirements, as applicable:

1) for solid insulation used as an ENCLOSURE or PROTECTIVE FINGERGUARD, the requirements of Clause 8;

2) for moulded and potted parts, the requirements of 6.5.2.5.2;

3) for insulating layers of printed wiring boards, the requirements of 6.5.2.5.3;
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4) for thin-film insulation, the requirements of 6.5.2.5.4.

Conformity is checked as specified in 6.5.2.5.2 to 6.5.2.5.4, and in Clause 8, as applicable.

6.5.2.5.2 Moulded and potted parts

For BASIC INSULATION, SUPPLEMENTARY INSULATION, and REINFORCED INSULATION, conductors located
between the same two layers moulded together (see Figure 15, item L) shall be separated by at least the
applicable minimum distance of Table 5 after the moulding is completed.

Conformity is checked by inspection and either by measurement of the separation or by inspectfon of the
manufactiirer’s specifications.

1_

2 ~/ EC 1012

Key

1 layer 1

2 layer 2

C conductor]
L distance bptween conductors

Figure 15

Distance between conductors on an interface between two layers

6.5.2.5.3 Insulating layers of printed wiring boards

For BASIC INSULATION, SUPPLEMENTARY INSULATION and REINFORCED INSULATION, conductors located
between the same two layers (see Figure 16, item L) shall be separated by at least the applicable
minimum distance of Table 5.

Conformity is checked by inspection and either by measurement of the separation or by inspection of the
manufacturer’s specifications.
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5
e

KKK

(R

AN

su110p

Key

IEC 1

L distance etween conductors on the same surface

A layers

C conductofs

Figure 16

Distance between adjacent conductors along an interface of two layers

C

013/10

Table 5
Minimum values for distance or thickness
Minimum distance [
WORKING VOLTAGE Minimum thickness . a
(see Figure 16)
\'} mm mm
< 300 0,4 0,4
> 300 £,600 0,6 0,6
>600<1000° 1,0 1,0

@ These values)apply for BASIC INSULATION, SUPPLEMENTARY INSULATION and REINFORCED INSULATION.

® For voltage above 1 000 V, a partial discharge test should be used (test procedure under consideration).

REINFORCED INSULATION of insulating layers of printed wiring boards (see Figure 16, item A) shall also have
adequate electric strength through the respective layers. One of the following methods shall be used.

a) The thickness of the insulation is at least the value of Table 5.

Conformity is checked by inspection and either by measurement of the separation or by inspection

of the manufacturer’s specifications.
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b) The insulation is assembled from at least two separate layers of printed wiring board materials, each of
which is RATED by the manufacturer of the material for an electric strength of at least the value of the
applicable test voltage of Table 4 or Table 14 for BASIC INSULATION.

Conformity is checked by inspection of the manufacturer’s specifications.

c) The insulation is assembled from at least two separate layers of printed wiring board materials, and the
combination of layers is RATED by the manufacturer of the material for an electric strength of at least the
value of the applicable test voltage of Table 4 or Table 14 for REINFORCED INSULATION.

Cgnformity 15 checked by Inspection of the manuractarer s speciiications.
6.5.2.5.4 | Thin-film insulation

For BASI¢ INSULATION, SUPPLEMENTARY INSULATION, and REINFORCED INSULATION;\eonductorg located

between the same two layers (see Figure 17 , item L) shall be separated by“at least the gpplicable
SPACINGS jof 6.5.2.2 and 6.5.2.4.

Conformily is checked by inspection and either by measurement of the separation or by inspectjon of the
manufactyrer’s specifications.

IEC 1014/10
su11p6

Key

L distance between adjacent conductors
A layers of thin-film material such as tape and polyester film
C conductors

NOTE There might be air present between the layers.

Figure 17

Distance between adjacent conductors located between the same two layers

REINFORCED INSULATION through the layers of thin-film insulation shall also have adequate electric strength.
One of the following methods shall be used.
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a) The thickness through the insulation is at least the value of Table 5.

Conformity is checked by inspection and either by measurement of the separation or by inspection
of the manufacturer’s specifications.

b) The insulation consists of at least two separate layers of thin-film materials, each of which is RATED by
the manufacturer of the material for an electric strength of at least the value of the applicable test voltage
of Table 4 or Table 14 for BASIC INSULATION.

Conformity is checked by inspection of the manufacturer’s specifications.

c) Thei
been te

C
off

m
6.5.2.6

Solid ins
the elect
condition

The marn
insulating

Conform

a) by the
using the|

i)

Cq

i

1

ulation consists of at least three separate layers of thin-film materials, any two ©f wj
d to exhibit adequate electric strength.

bnformity is checked by the a.c. voltage test of 6.6.5.1 with a duration of atdeast 5 s app
the three layers using the applicable test voltage of Table 4 for REINFORCED INSULATION.

br the purposes of this test, a special sample can be assembled with only two lay
aterial.

Solid insulation for probe assemblies which are not RATED for MEASUREMENT CATEG

Jlation for probe assemblies which are not RATED fOr MEASUREMENT CATEGORIES shall
Fical and mechanical stresses that may occur:.n“normal use and in all RATED envi
5 (see 1.4) during the intended life of the probe-assembly.

ufacturer should take the expected life<of the probe assembly into account when
materials.

ty is checked by both of the following tests:

a.c. voltage test of 6.6.5:1\with a duration of at least 5 s or the impulse voltage test
test voltage determined'by the following procedure:

a theoretically fequired CLEARANCE for BASIC INSULATION or SUPPLEMENTARY INSU
Iculated according to 6.5.2.3.

Minimum CLEARANCES for POLLUTION DEGREES 2 and 3 do not apply:

for REINFORCED INSULATION, CLEARANCE is twice the value for BASIC INSULATION;

hich have

ied to two

prs of the
ORIES
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ronmental

selecting
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b) by the a.c. voltage test of 6.6.5.1 or if stressed only by d.c., the d.c. voltage test of 6.6.5.2, with a
duration of at least 1 min using the test voltage determined as follows:

i) for BASIC INSULATION and SUPPLEMENTARY INSULATION, the test voltage is 1,5 times the WORKING
voltage;

i) for REINFORCED INSULATION, the test voltage is twice the value for BASIC INSULATION.

NOTE Test a) checks the effects of transient overvoltages, while test b) checks the effects of long-term stress of solid insulation.

Solid insulation shall also meet the following requirements, as applicable:
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1) for solid insulation used as an ENCLOSURE or PROTECTIVE FINGERGUARD, the requirements of Clause 8;
2) for moulded and potted parts, the requirements of 6.5.2.5.2;

3) for insulating layers of printed wiring boards, the requirements of 6.5.2.5.3, except that the applicable
test voltage is determined using the procedure of 6.5.2.6 a);

4) for thin-film insulation, the requirements of 6.5.2.5.4, except that the applicable SPACINGS are from
6.5.2.3 and 6.5.2.4, and the applicable test voltage is determined using the procedure of 6.5.2.6 a).

Conformily is checked as specified in 6.5.2.5.2 to 6.5.2.5.4 with the test voltages of 6.5.2.6.4), and in
Clause 8,|as applicable.

6.6 Pro¢edure for voltage tests
6.6.1 Gg¢neral

The following test procedures apply to type testing, and deterioration of\the test specimen mpy occur.
Further uge of the test specimen may not be appropriate.

Test equipment for the voltage tests is specified in IEC 61180-1 andMEC 61180-2.
The refer¢nce point for the voltage tests is one or more of thedollowing, bonded together if more than one.

a) Any AJCESSIBLE conductive part, except for any live,parts permitted to be ACCESSIBLE becausp they do

not excedd the values of 6.3.2 and any ACCESSIBLE(Conductive parts which are allowed to be HAZARDOUS
LIVE by the exceptions of 6.1.

b) Any AQCESSIBLE insulating part of the ENCLOSURE, covered with metal foil everywhere except around
CONNECTQRS. For test voltages up to 104V a.c. peak or d.c., the distance from foil to CONNECTOR is not

more than 20 mm. For higher voltagesthe distance is the minimum to prevent flashover.

¢) ACCESYIBLE parts of controls withparts made of insulating material being wrapped in metal foil pr having
soft condlictive material pressed against them.

6.6.2 Hymidity preconditioning

To ensureg that the\probe assembly does not become hazardous in the humidity conditions off 1.4, it is
subjected|to humidity preconditioning before the voltage tests. The probe assembly is not operated during
preconditoning

If wrapping in foil is required by 6.6.1, the foil is applied after humidity preconditioning and recovery.

Electrical components, covers, and other parts which can be removed by hand are removed and subjected
to the humidity preconditioning together with the main part.

Preconditioning is carried out in a humidity chamber containing air with a humidity of 93 % RH £ 3 % RH.
The temperature of the air in the chamber is maintained at 40 °C £ 2 °C.

Before applying humidity, the probe assembly is brought to a temperature of 42 °C + 2 °C, normally by
keeping it at this temperature for at least 4 h before the humidity preconditioning.
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The air in the chamber is stirred and the chamber is designed so that condensation will not precipitate on
the probe assembly.

The probe assembly remains in the chamber for 48 h, after which it is removed and allowed a recovery
period of 2 h under the environmental conditions of 4.3.1, after which parts removed (see above) are re-

installed.

6.6.3 Conduct of tests

The tests are performed and completed within 1 h of the end of the recovery period after humidity

precondinon/ng. I'ne probe assem~ply IS Not operated during the tests.

Voltage t

bsts are not made between two circuits, or between a circuit and an ACCESSIBLE\condu

if they ar¢ connected to each other or not separated from each other.

PROTECT]

If two or
DOUBLE IN

to withstd
circuits W

VE IMPEDANCE in parallel with the insulation to be tested is disconnected;

nore protective means are used in combination (see 6.4), it is likely'that the voltages sp
SULATION and REINFORCED INSULATION would be applied to parts ofcircuits which are nd

nd these voltages. To avoid this, such parts may be disconneeted during the tests, or th
here DOUBLE INSULATION or REINFORCED INSULATION is requifed"may be tested separately

6.6.4 Test voltages

Voltage t
Voltage t

The CLEA
impulse
inhomog

The valu
correctio
testing sq

NOTE The

psts for solid insulation are applied using the values specified in 6.5.2.5 and 6.5.2.6.

psts for CLEARANCES are applied using thewvalues specified in Table 10.

RANCE in case of homogeneous cofistruction (see 6.5.1.2.2), is tested with an a.c., d.d
Voltage with the peak value specified in Table 10 for the value of CLEARANCE spe
pneous construction.

s of Table 10 apply to\test sites located at 2 000 m altitude. For other test site alti
1 factors of Table 11‘are applied to the values of Table 10 when testing CLEARANCE buf]
lid insulation.

plectric testing.of CLEARANCES will also stress the associated solid insulation.
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e parts of
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beified for

udes, the
not when
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Table 10
Test voltages based on CLEARANCES
Required Impulse a.c.r.m.s. a.c. peak Required Impulse a.c.r.m.s. a.c. peak
CLEARANCE 1,2/50 ps 50/60 Hz | 50/60 Hz or d.c. | CLEARANCE | 1,2/50 ps 50/60 Hz 50/60 Hz or d.c.

mm V peak v \% mm V peak \" \'

0,010 330 230 330 16,5 14 000 7 600 10 700

0,025 440 310 440 17,0 14 300 7 800 11 000

0,040 520 370 520 17,5 14700 8 000 11 300

0,063 600 420 600 18,0 15000 8200 11 600
0,1 806 500 700 19 15800 8200 11 600
0,2 1140 620 880 20 16 400 9000 12100
0,3 1310 710 1010 25 19900 10 800 1% 300
0,5 1550 840 1200 30 23 300 12600 17 900
1,0 1950 1060 1500 35 26 500 14°400 20 400
1,4 2440 1330 13880 40 29700 16 200 22900
2,0 3100 1690 2400 45 32900 17 900 25 300
2,5 3600 1960 2770 50 36000 19 600 27 700
3,0 4070 2210 3130 55 39000 21200 30 000
3,5 4510 2450 3470 60 42000 22900 32300
4,0 4930 2680 3790 65 45000 24500 34 600
4,5 5330 2900 4100 70 47 900 26 100 36 900
5,0 5720 3110 4400 75 50 900 27 700 39 100
5,5 6 100 3320 4690 80 53700 29 200 41 300
6,0 6 500 3520 4970 85 56 610 30800 43 500
6,5 6 800 3710 5250 90 59 400 32300 45700
7,0 7 200 3900 5510 95 62 200 33800 47 900
75 7 500 4080 5780 100 65 000 35400 50 000
8,0 7 800 4300 6 030 110 70 500 38400 54 200
8,5 8200 4 400 6 300 120 76 000 41300 58 400
9,0 8500 4,600 6 500 130 81300 44 200 62 600
9,5 8 800 4 800 6 800 140 86 600 47100 66 700
10,0 9100 4950 7 000 150 91900 50 000 70 700
10,5 9600 5200 7 300 160 97 100 52 800 74 700
11,0 9-900 5400 7 600 170 102 300 55 600 78 700
11,5 10300 5600 7900 180 107 400 58 400 82 600
12,0 40-600 5860 8200 496 412500 64200 26 500
12,5 11 000 6 000 8 500 200 117 500 63 900 90 400
13,0 11 400 6 200 8800 210 122 500 69 300 98 000
13,5 11 800 6 400 9000 220 127 500 69 300 98 000
14,0 12100 6 600 9300 230 132 500 72 000 102 000
14,5 12 500 6 800 9600 240 137 300 74 700 106 000
15,0 12900 7 000 9900 250 142 200 77 300 109 400
15,5 13200 7 200 10200 264 149 000 81100 115 000
16,0 13 600 7 400 10 500

Linear interpolation is allowed.
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Table 10DV D2 Modification:

Add the following new row of values for a CLEARANCE of “1,5 mm.”

Required CLEARANCE Impulse a.c.r.m.s. a.c. peak
1,2/50 s 50/60 Hz 50/60 Hz or d.c
mm V peak \") \")
1,5 2560 1390 1970
Table 11

Correction factors according to test site altitude for test voltages for CLEARANCES

Correction factors
Test|voltage
peak 2327V<600V 2600V <3500V 23500V <25kV 225V
Test|voltage
2231V<424V 2424V <2475V 22475V <17,7kV 217,TkV
rim.s.
Test site altitude
m
0 1,08 1,16 1,22 1,24
00 1,06 1,12 1,16 1,17
1000 1,04 1,08 1,11 1,1p
4000 1,00 1,00 1,00 1,00
3000 0,96 0,92 0,89 0,88
4000 0,92 0,85 0,80 0,79
5000 0,88 0,78 0,71 0,70
Linear intgrpolation is allowed.

6.6.5 Test procedures

6.6.5.1

The a.c. voltagetest

The voltage test~equipment shall have a regulated output capable of maintaining the te$t voltage
throughout the-test. The waveform of the power frequency test voltage shall be substantially ginusoidal.

This requiretnent is fulfilled if the ratio between the peak value and the r.m.s. value is V2 + 3 %.

The test voltage is raised uniformly from 0 V to the specified value within 5 s and held at that value for at

least the specified time.

No flashover of CLEARANCES or breakdown of solid insulation shall occur during the test.

6.6.5.2 The 1 min d.c. voltage test

The voltage test equipment shall have a regulated output capable of maintaining the test voltage
throughout the test. The d.c. test voltage shall be substantially free of ripple. This requirement is fulfilled if
the ratio between the peak value of the voltage and the average value is 1,0 + 3 %.
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The d.c. test voltage is raised uniformly from 0 V to the specified value within 5 s and held at that value for
at least 1 min.

No flashover of CLEARANCES or breakdown of solid insulation shall occur during the test.

6.6.5.3 The impulse voltage test

The test shall be conducted for five impulses of each polarity with an interval of at least 1 s between
impulses. The impulse voltage test is carried out with a 1,2/50 us waveform (see Figure 1 of IEC 61180-
1:1992). The wave shape of each impulse shall be observed.

When ver
that the sj

No flashg
discharge

6.7 Constructional requirements for protection against electric shock

6.7.1 G¢neral

If a failurel could cause a HAZARD,

a) the sequrity of wiring connections subject to mechanical'stresses shall not depend on soldering;
b) screws securing removable covers shall be captive if their length determines a SPACING
ACCESSIBLE conductive parts and HAZARDOUS LIVE parts;

c¢) accidental loosening or freeing of the wiring, screws, etc., shall not cause ACCESSIBLE parts tg
HAZARDOUS LIVE.

NOTE Screys or nuts with lock washers are\not'regarded as likely to become loose, nor are wires which are mechanic3

by more tha

Conformily is checked by inspection and by measurement of SPACINGS.

6.7.2 Insulating materials

The follow

ifying CLEARANCES within probe assembly by an impulse voltage test, it is necessary
becified impulse voltage appears at the CLEARANCE.

ver of CLEARANCES or breakdown of solid insulation shall occur during\the test, b
s are allowed.

h soldering alone.

ing shall-not be used as insulation for safety purposes:

O ensure

ut partial

between

become

lly secured

a) materid

Is'which can easily be damaged (for example, lacquer, enamel, oxides, anodic films);

b) non-impregnated hygroscopic materials (for example, paper, fibres, fibrous materials).

Conformity is checked by inspection.

6.7.3 ENCLOSURES of probe assemblies with DOUBLE INSULATION or REINFORCED INSULATION

A probe assembly which relies on DOUBLE INSULATION or REINFORCED INSULATION throughout for protection
against electric shock shall have an ENCLOSURE which surrounds all metal parts. This requirement does
not apply to small metal parts such as nameplates, screws or rivets, if they are separated from parts which
are HAZARDOUS LIVE by REINFORCED INSULATION or its equivalent.
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ENCLOSURES or parts of ENCLOSURES made of insulating material shall meet the requirements for DOUBLE
INSULATION or REINFORCED INSULATION.

Protection for ENCLOSURES or parts of ENCLOSURES made of metal shall be provided by one of the following
means, except for parts where PROTECTIVE IMPEDANCE is used:

a) an insulating coating or a barrier on the inside of the ENCLOSURE which shall surround all metal parts
and all places where loosening of a part which is HAZARDOUS LIVE might cause it to touch a metal part of
the ENCLOSURE;

b) sPACINGs-between-the ENCLOSURE and-parts-which-are HAZARDOUS LIVE that cannot bereduced below

the valuep specified in 6.5 by loosening of parts or wires.

Conformtity is checked by inspection and measurement and as specified in 6.5.
6.7.4 PROBE WIRE attachment
6.7.4.1 |General

The attaghment of the PROBE WIRE to the probe body and to the equipment (or to the CONNECTIORS if the
attachment is not fixed) shall withstand forces likely to be encountered in NORMAL USE without damage
which colild cause a HAZARD. Solder alone, without mechanical@ripping, shall not be used for strain relief.
The insulation of the PROBE WIRE shall be mechanically secured 16 avoid retraction.

Conformity is checked by inspection and by applying the\tests of 6.7.4.2 to 6.7.4.4. After the tests,

a) the ingulation of the PROBE WIRE shall not have been cut or torn, and shall not have moved more than 2
mm in the bushing;

b) SPACINGS shall not have been reduced below the applicable values of 6.5.2.2 or 6.5.2.3 and 6.5.2.4;

c¢) the PRPBE WIRE shall pass the applicable test of 6.5.2.5.1.1b) or 6.5.2.6 b);

d) no more than 75 % of the copper strands of the PROBE WIRE shall be broken.

NOTE For fest purposes, it could be useful to prepare a special sample of the probe, manufactured in all respects like the probe
being invesfigated but in which‘no solder has been applied.

6.7.4.2 Pull test

With the|prebe body or equipment or CONNECTOR clamped so that it cannot move and any soldered
connection severed, the PROBE WIRE is subjected for 1 min to a steady axial pull at the values shown

below:
a) for probe bodies and for locking CONNECTORS, twice the pull force value from Table 12;

b) for non-locking CONNECTORS, twice the pull force value from Table 12 or four times the axial pull force
required to disconnect the CONNECTOR, whichever is less.

6.7.4.3 Flexing/pull test

CONNECTORS shall be subjected to a flexing test in an apparatus similar to that shown in Figure 19.
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The CONNECTOR is fixed to the oscillating member of the apparatus so that, when this is at the midpoint of
its travel, the axis of the flexible PROBE WIRE, where it enters the CONNECTOR, is vertical and passes
through the axis of oscillation.

The oscillating member is, by variation of distance d shown in Figure 19, so positioned that the flexible
PROBE WIRE makes a minimum lateral movement when the oscillating member of the test apparatus is

moved over its full travel.
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Key
D> 300 mm
1 CONNEJTOR

2 Part of osfillating'member for fixing the CONNECTOR

3 Depth splzcified for the shroud of corresponding equipment TERMINAL

4 Weight

Figure 19

Flexing test
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The PROBE WIRE is loaded with a weight such that the force from Table 12 is applied.

The oscillating member is moved to each side of vertical through a total angle of 90° (45° on each side of
vertical). The total number of flexings is 5 000. The rate of flexing is 60 per minute. A complete cycle is two
flexings.

CONNECTORS with PROBE WIRE of nominally circular cross-sectional area are rotated approximately 90°

around the vertical axis within the oscillating member after 2 500 flexings; CONNECTORS with flat flexible
PROBE WIRE are not so rotated, and are only flexed in a direction perpendicular to the thinner dimension of

the cross-section.

If a HAZARD can result from the breaking of a conductor or a short-circuit between conductofsyla current
equal to the RATED current of the probe assembly is passed through each conductor, the volftage| between
them being the RATED voltage. During the test, there shall be no interruption of the test|eurreft and no
short-circliit between the conductors.

Table 12
Pull forces for PROBE WIRE attachment tests
Cross sectional area of the conductor(a) Pull force
mm? N
0,25 2,5
0,50 5
1,0 10
2,5 18
25
30
10 40
16 45
Linear intefpolation is allowed.
For PROBE WIRES with multiple conductorsithe cross-sectional area (a) is calculated as the sum of the cross-sectionallareas of
the individgial conductors.
For the purpose of this calculation, the cross-sectional area of any shield is ignored.

6.7.4.4 Rotational flexing test

The probe assembly~is mounted in the test fixture as shown in Figure 20, so that the fixed clamp lholds the
probe body, CONNECTOR, or equipment with at least 5 mm of the solid portion protruding through the clamp.
The rotating~clamp is attached to the probe lead at a point 50 times the diameter of the PROBE WIRE,
measure nlnng the surface of the lead from the fixed r*lqmp The rnfnﬁng r\lnmp rotates in-a dlane at a
distance equal to 20 times the diameter of the PROBE WIRE from the fixed clamp. The rotating clamp is
rotated from point F to G and back to point F (one complete oscillation) at a rate of 20 oscillations per
minute for a total of 250 swings. The probe body or CONNECTOR is turned 90° about its axis and the test
continued for a further 250 oscillations.
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Dimensions in millimetres
20x d
I
2 IEC
su2319
Key
d diametef of PROBE WIRE
F start point, end point
G middle point (F + 270°)
1 fixed clgmp
2 rotating flamp
Figure 20
Rotational flexing test
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7 Protection against mechanical HAZARDS

Handling

of a probe assembly or an accessory during NORMAL USE shall not lead to a HAZARD.

Easily touched edges, projections, etc. should be smooth and rounded so as not to cause injury. This does

not apply

to PROBE TIPS.

Conformity is checked by inspection.

8 Resis

8.1 Genleral

Probe as

tance to mechanical stresses

semblies shall not cause a HAZARD when subjected to mechanical stresseshlikely to

NORMAL USE. To achieve this requirement, probe assemblies shall have adequate“mechanical

compone

nts shall be reliably secured and electrical connections shall be secure,

Conformily is checked by performing the tests of 8.2 to 8.4. The probe assembly is not operated d

tests.

After com

pletion of the tests, the probe assembly shall pass the applicable test of 6.5.2.5.1.1 b)

b) (without humidity preconditioning) and is inspected to check that:

a) parts which are HAZARDOUS LIVE have not become ACCESSIBLE;

b) ENCLOSURES show no cracks which could cause a/HAZARD;

c) SPACINGS are not less than their permitted® values and the insulation of internal wiring

undamag

bd;

d) PROTEQTIVE FINGERGUARDS have not been damaged or loosened;

e) there h

Damage

hs been no damage which could cause spread of fire.

o the finish, small-dents which do not reduce SPACINGS below the values specified in

small chigs which do net adversely affect the protection against electric shock or moisture, are ign

8.2 Rigi

dity test

occur in
strength,

uring the

br 6.5.2.6

remains

6.5, and
ored.

The non-operative treatment of 10.2 is performed. Within 2 min of the end of the non-operative t
the probe assembly IS held firmly against a rigid support and subjected to a force of 20 N applied by the
hemispherical end of a hard rod of 12 mm diameter. The rod is applied three times to any part of the probe
assembly which is ACCESSIBLE when the probe assembly is ready for use, and which could cause a

HAZARD If

reatment,

distorted.

8.3 Drop test

Three samples of the probe assembly are each dropped three times through a distance of 1 m onto a 50
mm thick hardwood board having a density of more than 700 kg/m®, lying flat on a rigid base such as
concrete. For each sample, the three tests are carried out so as to apply the impact to different points on

the probe

body.
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Non-metallic ENCLOSURES of probe assembly with a minimum RATED ambient temperature below 2 °C are
cooled to the minimum RATED ambient temperature, then tested within 2 min.

8.4 Impact swing test

The probe body is subjected to one impact against a 50 mm thick hardwood board having a density of
more than 700 kg/m® fixed to a solid wall, when swinging as a pendulum by its PROBE WIRE (see Figure 21).
The height of the drop is 2 m, or the PROBE WIRE length if shorter.

8.4DV DE National Difference Deleted

Non-metallic probe bodies with a minimum RATED ambient temperature below 2 °C afe cooled to the
minimum RATED ambient temperature, then tested within 2 min.

IEC

sm1197b

Key

=3

1 start poip
2 suspendion point
3 PROBE|WIRE
4 probe
5 wall
6 hardwogd board

Figure 21

Impact swing test

9 Temperature limits and protection against the spread of fire
9.1 General

Any heating shall not cause a HAZARD in NORMAL CONDITION Or in SINGLE FAULT CONDITION, nor shall it cause
spread of fire outside the probe assembly.

The temperature of easily touched surfaces shall not exceed the values below in NORMAL CONDITION, and
105 °C in SINGLE FAULT CONDITION, at an ambient temperature of 40 °C.
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Easily touched surfaces of probe assemblies RATED for a maximum ambient temperature above 40 °C are

permitted to exceed the values of below in NORMAL CONDITION, and to exceed 105 °C in SINGLE FAULT
CONDITION, by not more than the amount by which the maximum RATED temperature exceeds 40 °C.

If easily touched heated surfaces are necessary for functional reasons, they are permitted to exceed these
values, but shall be recognizable as such by appearance or function, or shall be marked with Symbol 6 of
Table 1 (see 5.2).

If protection against fire depends on separation of circuits, they shall be separated at least by BASIC
INSULATION.

The maxirlnum temperature of a part is determined by measuring the temperature rise of the-part under the
conditiong of 9.2 and adding it to the maximum ambient temperature (40 °C or the maximym RATED
ambient temperature if higher, see 1.4).

Conformily is checked by inspection, by the tests of 9.2 and by tests in the SINGLE.FAULT CONDITIONS of 4.4.

Alternatively, if protection is assured by separation of circuits, conformity is ¢checked by measufement of
SPACINGS,| and by making the voltage tests of 6.6 (without humidity preconditioning) using the gpplicable

test voltage of Table 10.
9.2 Temperature tests

A probe dssembly is tested under reference test conditions and/in the position of NORMAL USE (sge 4.3.2).
The tests|of 6.7.4.2 to 6.7.4.4 are performed before performing these temperature tests. Tempergtures are
measured when steady state has been attained.

10 Resistance to heat

10.1 Integrity of SPACINGS

SPACINGS [ shall meet the requirements_of 6.5 when the probe assembly is operated at an| ambient
temperatyre of 40 °C or the maximum.RATED ambient temperature if higher (see 1.4).

Conformity in cases of doubt, if.the probe assembly produces an appreciable amount of heat, i§ checked
by operaling the probe assembly under the reference test conditions of 4.3, except that thg ambient
temperatyre is 40 °C or the maximum RATED ambient temperature, if higher. After this test, SPACINGS shall
not have been reduced\bélow the requirements of 6.5.

If the ENCLOSURE.is’non-metallic, the temperature of parts of the ENCLOSURE is measured during the above
test for th¢ purpose of 10.2.

10.2 Resistance to heat

ENCLOSURES of non-metallic material shall be resistant to elevated temperatures.
Conformity is checked by the test of 8.2, applied after the following non-operative conditioning:

The probe assembly, not energized, is stored for 7 h at a temperature of 70 °C. However, if during the test
of 10.1, a higher temperature is measured, the storage temperature is to be 10 °C above that measured
temperature. If the probe assembly contains components which might be damaged by this treatment, an
empty ENCLOSURE may be treated, followed by assembly of the probe at the end of the treatment.
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11 Protection against HAZARDS from fluids

11.1 General

Probe assemblies containing fluids, or to be used in measurements of processes on fluids, shall be
designed to give protection to the OPERATOR and surrounding area against HAZARDS from fluids

encounte

red in NORMAL USE.

NOTE Fluids likely to be encountered fall into three categories:

a) having cq
b) having o
c¢) having a
Conform

11.2 ClI

If a clear
safety HA
structura

prtimtrouscontact-forexampteimvessetsintended-tocontaimttrem:

Ccasional contact, for example, cleaning fluids;

cidental (unexpected) contact. The manufacturer cannot safeguard against such cases.

ty is checked by the treatment and tests of 11.2.

baning

ing or decontamination method is specified by the manufacturer, this shall not caus

ZARD, an electric shock HAZARD, or a HAZARD resulting from corrosion or other wes
parts associated with safety. The cleaning method and any decontamination metho

described in the documentation (see 5.4.3).

Conform

instructio|
HAZARD,

e a direct
kening of
H shall be

ty is checked by cleaning the probe assembly three times according to the mandfacturer's

hs. If, immediately after this treatment, there are any signs of wetting of parts likely t
he probe assembly shall pass the applicable test of 6.5.2.5.1.1 b) or 6.5.2.6 b) (withou

preconditioning) and ACCESSIBLE parts shall nat,exceed the levels of 6.3.2. If a decontamination

specified,|
11.3 Sg

If the pr
according
foreign o

Conform
IEC 6053
(without |

this method is applied once.
ecially protected probe assemblies

pbe assembly is RATED, and marked by the manufacturer as having a protected E
J to the stated degrees of protection of IEC 60529, it shall adequately resist the ingre
bjects and water-which could lead to a HAZARD.

ty is checked by inspection and by subjecting the probe assembly to the appropriate tre
9, aftef which the probe assembly shall pass the applicable test of 6.5.2.5.1.1 b) or

D cause a
t humidity
method is

NCLOSURE

bs of solid

atment of
6.5.2.6 b)

numidity-preconditioning) and ACCESSIBLE parts shall not exceed the levels of 6.3.2.

12 Con

TPOTENtS

12.1 General

12.1DV D2 Modification by adding the following as the first paragraph of Clause 12.1:

Where safety is involved, components shall comply with applicable safety requirements
specified in relevant ANSI, CAN, CSA, IEC, ISO, or UL standards, as appropriate.

If safety is involved, components shall be used in accordance with their specified RATING unless a specific
exception is made. They shall conform to one of the following.
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a) All applicable safety requirements of relevant IEC standards. Conformity with other requirements of the
component standard is not required. If necessary for the application, they shall be subjected to the tests of
this standard, except that it is not necessary to carry out identical or equivalent tests already performed to
check conformity with the component standard.

b) The requirements of this standard and, where necessary for the application, any additional applicable
safety requirements of the relevant IEC component standard.

c) If there is no relevant IEC standard, the requirements of this standard.

relevant
IEC standard, provided that the component has been approved to the non-IEC standard byra‘rgcognized

Tepts performed by a recognized testing authority which confirm conformity_with all gpplicable
safety requirements need not be repeated, even if the tests were performied using aj non-IEC
stgndard.

Conformity is checked by inspection, and if necessary, by test.
12.2 Fuses

Fuses in Irobe assemblies may be used to provide protection to' the user against arc explosions|or burns,
or they may be used to protect the equipment to which the.probes are connected.

If a fuse iIs installed in a probe assembly, it shall have a voltage RATING at least as high as thg highest
RATED voltage of the probe assembly, and an apprepriate breaking capacity and current RATING for the

intended @application of the probe assembly (seetalso 5.1.3). If the probe assembly is RATED for [both a.c.

and d.c., {he a.c. and d.c. breaking capacities shall be individually determined, and the fuse shalllmeet the
RATED voltage and breaking capacity for each case.

Conformity is checked by inspection:
12.3 PROBE WIRE

12.3.1 General

PROBE WIRE shall bé&_suitable for its intended use in NORMAL CONDITION and SINGLE FAULT CONDITION.

Conformi1y is.checked as specified in 12.3.2 to 12.3.6.

12.3.2 RATING of PROBE WIRE

PROBE WIRES shall be RATED for the maximum voltage and current of NORMAL USE and shall withstand the
voltage test for the highest RATED voltage to earth. Conductors shall be separated from ACCESSIBLE
surfaces by DOUBLE INSULATION or REINFORCED INSULATION, based on the following values:

a) for type A probe assemblies, 125 V or the highest RATED voltage to earth of the probe assembly,
whichever is greater;

b) for type B probe assemblies, 500 V or the highest RATED voltage to earth of the probe assembly divided
by the divider ratio, whichever is greater;
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c) for type C probe assemblies, 125 V or the highest RATED voltage to earth of the probe assembly,
whichever is greater;

d) for type D probe assemblies, 125 V.

For type B probe assemblies, Symbol 7 shall be marked on the probe assembly and a warning shall be
provided in the documentation that the PROBE WIRE may not provide adequate protection if it comes into
contact with the circuit under test.

Insulation of PROBE WIRES which have a wear indicator shall meet the requirements for BASIC INSULATION

when the|
A wear in

Conform
REINFOR(

the test |
make the

NOTE For
by manufad

12.3.3 |

For each
150 mm
without s

The inde
0,01 mm
Figure 23
manner

perpendi

wear Inaicator nas become Vvisible.

dicator is highly recommended (see also 5.4.3 j)).

ty is checked by inspection, and by the applicable test of 6.5.2.5.1.d4\b) or 6.5.
ED INSULATION. If the insulation includes a wear indicator, then the voltage test is repd

oltage value for BASIC INSULATION after sufficient insulation has been'removed from th
wear indicator just visible (see also 5.2 and 5.4.3 1)).

he purposes of this test, the wear indicator can be made visible by slicing thinayers from the insulation, by
turing special samples of the cable without the outer insulating layer.

Pressure test at high temperature for insulations

PROBE WIRE to be tested, three adjacent samples-are taken from a PROBE WIRE having
0 300 mm. The length of each sample is 50.mm to 100 mm. The conductors of flat PR
heaths are not separated.

htation device is shown in Fiqure 22,"and consists of a rectangular blade with an edge (
wide, which can be pressed against the sample. Each sample is placed in the position
. A flat cord without a sheathLis laid on its flat side. Samples are fixed on the suppor]
hat they do not curve under the pressure of the blade. The force is applied in g
Cular to the axis of the sample; the blade is also perpendicular to the axis of the sample.

.6 b) for
pated with

e cable to

abrasion, or

h length of
DBE WIRES

, 70 mm +
shown in
in such a
direction
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0,7 mm = 0,01 mm

|
Hi=aml
i

;

IEC

su2320

Key
1 Testing flame
2 Sample
3 Supporty
4 Weight

Figure 22

Indentation device

The comgressing force F which is exerted by-the blade upon the sample is given by the formula:
F=0,6xV2xdxe—e?)
Where:

F is in neytons

e is the mean value\of the thickness of the insulation of the sample

d is the meah.value of the outer diameter of the sample

e and d are both expressed in millimetres, to one decimal place, and measured on a thin slice cut from the
end of the test piece.

The test is carried out in air (i.e. in an air oven). The temperature of the air is maintained continuously at a
temperature of 100 °C + 3 °C. The loaded samples are kept in the test position for 4 h. Following this, the
samples are rapidly cooled which may be carried out by spraying the sample with cold water on the spot
where the blade is pressing. The sample is removed from the apparatus when it has cooled to a
temperature where recovery of the insulation no longer occurs. The sample is then cooled further by
immersion in cold water.

I Conformity is checked by the applicable test of 6.5.2.5.1.1 b) or 6.5.2.6 b) for REINFORCED INSULATION
(without humidity preconditioning).
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12.3.4 Tests for resistance of insulation to cracking

Four samples of suitable length are cut from two sections of the PROBE WIRE separated by at least 1 m.

Each sample is tautly wound and fixed, at ambient temperature, on a mandrel to form a close helix. The

diameter

of the mandrel and the number of turns are given in Table 13.

Table 13
Diameter of mandrel and numbers of turns
Outéer diameter of the PROBE WIRE (d) Mandrel diameter Number of tunls
mm mm
d<25 6
25<d<45 6
45<d<6,5 13 6
6,5<d<9,5 19 4
95<d<125 40 2

Two sam
samples
return to

The othe
performe
this is no
the test g
cold char
and succ

Flat PROH
diameter

Insulated

Circumfe
Jjacket of
stronger

After this

ples, on their mandrels, are placed in an air oven pre-heated to a temperature 100 °C £

3°C, The

are maintained at the specified temperature for 1 h./After the samples have been allowed to

approximately ambient temperature, they are examined while still on the mandrel.

r two samples are conditioned in a cold chamber for 4 h at —10 °C + 2 °C. The tes
d in the cold chamber where space and mounting means are available in the chamb
practical, it is appropriate to remove a sample and a mandrel from the test chamber an
utside the chamber. In either case, thewinding is to be completed within 30 s of the tin
nber is opened. The winding is to be done at a rate of about 3 s per turn (18 s + 3 s for
pssive turns are to be in contact with' one another.

E WIRES are to be wrapped._in,a U-bend in which the sample is in contact with a mandre
of twice the minor axis djameter of the sample for minimum 180°.

conductors as wellas'the finished PROBE WIRE are to be tested separately.

rential depreSsions in the outer surface indicate cracks on the inside surface of the ing
most materials. Circumferential depressions in a fluoropolymer surface are yield mari
boints) kather than indicators of cracking.

conditioning, the samples shall show no cracks when examined with normal or corred

t is to be
er. Where
d perform
e that the
six turns),

/ having a

ulation or

ks (locally

ted vision

without r

agnification, and shall meet the requirements tor solid insulation.

Conformity is checked by inspection and by the applicable test of 6.5.2.5.1.1 b) or 6.5.2.6 b) for
REINFORCED INSULATION (without humidity preconditioning).

12.3.5 Voltage test

Six lengths of insulated PROBE WIRE or insulated conductors removed from a jacketed wire are to be tested
for each specimen of wire to be evaluated. Each sample is 600 mm in length. Three of the samples are to
be tested in an unaged condition. The other three samples are to be tested after air oven conditioning.
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The three straight samples intended for oven ageing are to be conditioned in a circulating air oven pre-
heated to a temperature 100 °C = 3 °C, The test piece shall be maintained at the specified temperature for
1h.

After air oven conditioning, the three specimens are to be cooled to room temperature in still air for a
period of 16 h to 96 h before testing. After the cooling period, both the unaged and oven-conditioned
samples are to be tested. The centre 300 mm of each sample is to be wrapped with metal foil.

Except for flat PROBE WIRES, the foil-wrapped centre section of each sample is to then be wrapped closely
for six complete turns around a metal mandrel having a diameter of two times the outside diameter of the
specimen or-5-mm;whtchevers l'alyc'r. Fheendofeach lc'au:'tl'uy hretixtstobetwistedt I’UUbUI’y tugether or
fastened fogether with tape to prevent unwinding. Specimens of flat wires are to be wrapped,ina U-bend
in which the specimen is in contact with a mandrel having a diameter of twice the minor. axis’diameter of
the specimen for 180° minimum.

The applicable test of 6.5.2.5.1.1 b) or 6.5.2.6 b) for REINFORCED INSULATION (without |humidity
preconditfoning) is then performed. The test voltage is applied between the conductor of the test $pecimen
and the metal mandrel. After 1 min at the specified test voltage, the test voltage is increased at a rate not
exceeding 500 V/s until dielectric breakdown occurs. If dielectric breakdown does not occur, breakdown
voltage can be considered as twice the value in 6.5.2.5.1.2 or 6.5:2.6 b) (or 10 kV). The |dielectric
breakdown voltage values are recorded separately for unaged specimens and oven-aged specinjens. The
average ¢f the dielectric breakdown voltage values is calculated-and recorded separately fof unaged
specimenis and oven-aged specimens.

Samples of both unaged and oven-aged specimens shall eemply with the following:
a) unaged and oven-aged samples shall withstand fhe test voltage without breakdown for 1 min apd

b) the avprage dielectric breakdown value bf<oven-aged samples shall not be less than 50 |% of the
average Hreakdown value of unaged samples.

Conformity is checked by inspection:and test.
12.3.6 Tensile test
12.3.6.1 |General

These tests are to<determine the tensile strength and elongation at break of the insulatingl material
(exclusivg of any.semi-conducting layers) of the PROBE WIRE in the condition as manufactured (i.¢. without
any ageing treatment) and after an accelerated ageing treatment.

For the unaged samples, the median value of the tensile strengths shall be at least 7 N/mm? and the
samples shall exhibit a median value of elongation of at least 100 % before they break. For the aged
samples, the median value of the tensile strengths shall be at least 70 % of the result for unaged samples,
and the samples shall exhibit a median value of elongation of at least 45 % of the result of the unaged
samples before they break.

After the test conditioning and procedure of 12.3.6.2 to 12.3.6.6, conformity is checked by calculation of
the tensile strength and the elongation at break respectively and determination of the median value of the
result.



https://ulnorm.com/api/?name=UL 61010-031 2020.pdf

JANUARY 7, 2020 CAN/CSA-C22.2 No. 61010-031:17 ¢ UL 61010-031 81

12.3.6.2 Sampling

The samples selected for the ageing treatment are from positions adjacent to the samples used for the test
without ageing and the tensile tests on the aged and unaged test pieces are made in immediate
succession.

One section of each core to be tested is taken of sufficient size to provide a minimum of ten samples, five
each for the tensile tests without ageing and for the tensile tests after the ageing treatment, bearing in
mind that a 100 mm length is needed for the preparation of each sample. The cores of flat cords are not
separated. Any sample that shows signs of mechanical damage is not used for the test.

12.3.6.3 | Preparation and conditioning of samples

The secfjon of core is cut into ten samples, each approximately 100 mm long and_the comductor is
removed] care being taken not to damage the insulation. The samples are marked-tQ)identify the section
from whic¢h they were prepared and their relative positions in the section.

The centfe 20 mm shall be marked immediately before the tensile test.
12.3.6.4 | Determination of cross-sectional area

At the middle of the section being used to prepare the samples{ a piece is taken to determine the cross-
sectionallarea A by the following method (for samples with arround shape).

A=nx(d=e)*xe
Where:
e is the mjean value of the thickness of the-insulation,

d is the mean value of the outer diameter of the test piece.
For samples which are to be aged, the cross-sectional area is determined before ageing treatment.
12.3.6.5 | Ageing treatment

The five samples-intended for oven ageing are to be conditioned in a circulating air oven prehgated to a
temperature 100~>C + 3 °C. The test piece is maintained at the specified temperature for 1 hfand then
allowed tb coolto the temperature of 12.3.6.6.

12.3.6.6 Tensile testing procedure
The test is carried out at a temperature of 23 °C £ 5 °C.

The grips of the tensile testing machine may be either of a self-tightening type or not. The distance
between the grips is:

a) 50 mm for tubes, if tested with self-tightening grips;
b) 85 mm for tubes, if tested with non-self-tightening grips.

The rate of separation shall be 250 mm/min £ 50 mm/min and, in case of doubt, 25 mm/min £ 5 mm/min.
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For each sample, the maximum tensile force during the test is measured and recorded, and the distance
between the two reference marks at the breaking point is measured and recorded.

One test result from the five aged samples and one test result from the five unaged samples may be

ignored.

13 Prevention of HAZARD from arc flash and short-circuits

13.1 Ge

When a |

potentials

If the bridge is opened (by OPERATOR action, melting, or other event) while the high current

neral

PROBE TIP Oor SPRING-LOADED CLIP temporarily bridges two high-energy conductors\af different
it could cause a high current to flow through the PROBE TIP or SPRINGLOADED CLIR'Which could
become hot and melt. This could cause burns to an OPERATOR or a bystander.

s flowing

through the PROBE TIP or SPRING-LOADED CLIP, arcing could occur. The arcing will.ionize the air, permitting

continued
energy, th

current flow in the vicinity of the PROBE TIP or SPRINGLOADED CLIPNfthere is sufficient

available

en the ionization of the air will continue to spread and the flowCof current through the air will

continue {o increase. The result is an arc flash, which is similar to an explosion, and can causg injury or

death to gn OPERATOR or a bystander.

PROBE TIHS and SPRING-LOADED CLIPS shall be constructed to~feduce the risk of short-circuity and arc

flashes.

Conformily is checked as specified in 13.2.

13.2 Ex
The expo

a) For sPH

1)
din

2)

bosed conductive parts
5ed conductive part of a PROBE TIR, shall be constructed as follows:
ING-LOADED CLIPS RATED fof. MEASUREMENT CATEGORY Il or IV:

in closed position, the-exposed ACCESSIBLE conductive parts shall not exceed 4 m
ections);

in open position;

i) thelength of the exposed ACCESSIBLE conductive parts of SPRING-LOADED CLIPS
hooK shall not exceed 10 mm,

m (in all

with one

ii) the outer surfaces of SPRING-LOADED CLIPS with more than one hook or jaw sh

pll not be

b) Except

conductive.

for SPRING-LOADED CLIPS RATED for MEASUREMENT CATEGORY Il or IV:

1) for probe assemblies RATED for MEASUREMENT CATEGORY |l or IV, the exposed conductive part of
a PROBE TIP shall not exceed 4 mm (in length);

2) for probe assemblies not RATED for MEASUREMENT CATEGORY I, Il or 1V, and for use in special
applications where the energy levels will not support arc flash or fire, the exposed conductive part
of a PROBE TIP shall not exceed 80 mm;
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3) for probe assemblies RATED for MEASUREMENT CATEGORY |Il, and for other probe assemblies not
covered by items 1) and 2), above, the exposed conductive part of a PROBE TIP shall not exceed 19

m

m.

Conformity is checked by inspection and measurement of the exposed conductive parts of the PROBE TIP
or jaws as follows:

1) spring-loaded parts covering the conductive part of a PROBE TIP are retracted before the measurements
are made;

2) movin
assembl)

3) remov.

) parts other than spring-loaded parts which change the RATING and the markings of
are evaluated in each position;

the probe

hble parts which change the RATING and the markings of the probe assembly are removed.
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