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INTERNATIONAL ELECTROTECHNICAL COMMISSION

AUDIO/VIDEO, INFORMATION AND
COMMUNICATION TECHNOLOGY EQUIPMENT -

Part 2: Explanatory information related to IEC 62368-1:2014

FOREWORD
1) Thqg International Electrotechnical Commission (IEC) is a worldwide organization fof ste izat prising
all |national electrotechnical committees (IEC National Committees). € f & i romote
intgrnational co-operation on all questions concerning standardization in the e ect ica and ic\iglds. To
thig§ end and in addition to other activities, IEC publishes International 3 ica 2ifidations,
Tedhnical Reports, Publicly Available Specifications (PAS) and Guides k € 5 “IEC
Publication(s)”). Their preparation is entrusted to technical committees; aR ' i interested

d non-
closely
ihed by

governmental organizations liaising with the IEC also partlmpate i
with the International Organization for Standardization (ISO
agrpement between the two organizations.

2) Thqg formal decisions or agreements of IEC on technical matiers 2 ible, i ational
consensus of opinion on the relevant subjects since €at i i i om all
intdrested IEC National Committees.

3) IEQ Publications have the form of recom and are accepted by IEC National
Committees in that sense. While all reasonable effqrts \ t re that the technical content|of IEC
Puljlications is accurate, IEC cannot be he I the way in which they are used or for any
misjinterpretation by any end user.

4) In ¢rder to promote internatiopal uniformit i i ications
trarjsparently to the maxinfum ‘e it i i > i icati . ivdrgence
betjveen any IEC Publication e ending national’or regional publication shall be clearly indidated in
thellatter.

5) IE(Q itself does nof _provide formity
assessment serwy i for any
seryices carried out by |

6) All hsers should ensute tha

7) No [liability shall §ttac s_di , , i ing indivi rts and
mefnbers of itg_ technical cs i i i injury, age or
otheér damage ofa a S , i indi , i i s) and
explenses ansing oOu j¢ation, , i , thi icati er |IEC
Publication

8) AttgntionN N ative references cited in this publication. Use of the referenced publications is
indispensabte for-the sorreet application of this publication.

9) Attgntion is drawr e possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shail not be held responsible for identifying any or all such patent rights.

The in"task of IEC technical committ is to pr re International Standards. Howeler, a

technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC 62368-2, which is a technical report, has been prepared by subcommittee TC 108: Safety
of electronic equipment within the field of audio/video, information technology and
communication technology.

This second edition cancels and replaces the first edition published in 2011. This edition
constitutes a technical revision.

This second edition updates the first edition of IEC 62368-2 published in 2011 to take into
account changes made to IEC 62368-1:2010 as identified in the Foreword of IEC 62368-
1:2014.
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This Technical Report is informative only. In case of a conflict between IEC 62368-1 and
IEC TR 62368-2, the requirements in IEC 62368-1 prevail over this Technical Report.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
108/540/DTR 108/553/RVC

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

In thig standard, the following print types are used:

— ndtes/explanatory matter: in smaller roman type;
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A bilingual-version o¥this publication may be issued at a later date.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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AUDIO/VIDEO, INFORMATION AND
COMMUNICATION TECHNOLOGY EQUIPMENT -

Part 2: Explanatory information related to IEC 62368-1:2014

Clause 0 Principles of this product safety standard

Clause 0 is informational and provides a rationale for the normative clauses of
the standard.

0.5.1 General

ISO IEC Guide 51:2014, 6.3.5 states:
“When reducing risks the order of priority shallbe
a) inherently safe design;
b) guards and protective devices;
¢) information for end users.
Inherently safe design measures afe tphe fi pimportant step |in the

risk reduction process. This is ¢asures inherent fo the

characteristics of the t ely to remain effgctive,

whereas experience 3 3 ell-designed guardg and

protective devices camfailQryge Vi and/information for use might not
ices

%ﬁso ably make it possible either to rgmove

re isks. Complementary protective medsures

equipment (for example, emergency stop equipment)

used whenever an inherently safe

Guards and protective d

QleNo play in the risk reduction procedure by complying
wation provided by the designer/supplier. However, information
xslUbstitute for the correct application of inherently safe

ween the hierarchy required in ISO IEC Guide 51 an{d the
hy used in IEC 62368-1:2014:

ISOIEC Guide 51 IEC 62368-1

a)iinherently safe design 1. inherently safe design by limiting all elnergy
hazards to class 1

b) guards and protective devices 2. equipment safeguards

3. installation safeguards

c¢) information for end users 4. behavioral safeguards

5. instructional safeguards

0.5.7 Equipment safeguards during skilled person service conditions

Purpose: To explain the intent of requirements for providing safeguards against
involuntary reaction.

Rationale: By definition, a skilled person has the education and experience to identify all

class 3 energy sources to which he may be exposed. However, while servicing
one class 3 energy source in one location, a skilled person may be exposed to
another class 3 energy source in a different location.
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Clause 1

In such a situation, either of two events is possible. First, something may cause
an involuntary reaction of the skilled person with the consequences of contact
with the class 3 energy source in the different location. Second, the space in
which the skilled person is located may be small and cramped, and inadvertent
contact with a class 3 energy source in the different location may be likely.

In such situations, this standard may require an equipment safeguard solely for
the protection of a skilled person while performing servicing activity.

Purpdse:

Rationale:

Clausge 2

Clausle 3

Scope

To identify the purpose and applicability of this standard a the extlusions

from the scope.

The scope excludes requirements for functional safety. ety is

addressed in IEC 61508-1. Because the scope inclld I may

control safety systems, functional safety require egsarily

Normative references

The list of normative references ig a\is \ native

reference to it in the body S 4 ts are

. L, only

bf the

Recently, th e the
s for

latest editigh as s¢
manufacture i chance to prepare, it was felt that a
¥ be taken into account. This is in ling with
e SMB that allow transition periods jo be

the standards. Therefore TC 108 decided to

toN\a€count any transition period, effective date or date of

ents are referenced, in whole, in part or as alterpative
he requirements contained in this standard. Their yse is
heré necessary, for the application of the requirements df this

Terms, definitions and abbreviations

3.3.21

Source:
Purpose:
Rationale:

Rationale is provided for definitions that deviate from IEC 60050 definitions or
from pilot standard definitions.

electrical enclosure

IEC 60050-195:1998, 195-06-13
To support the concept of safeguards as used in this standard.

The definition is modified to use the term “safeguard” in place of the word
“protection”. The word “safeguard” identifies a physical “thing” whereas the
word “protection” identifies the act of protecting. This standard sets forth
requirements for use of physical safeguards and requirements for those
safeguards. The safeguards provide “protection” against injury from the
equipment.
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3.3.51

Source:
Purpose:

Rationale:

3.3.5.

[=2]

Source:
Purpgse:

[V]

Ratiompale:

3.3.6.f7

Sourdle:
Purpgse:

Ratiopale:

3.3.7.8
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basic insulation

IEC 60050-195:1998,195-06-06
To support the concept of safeguards as used in this standard.

The definition is modified to use the term “safeguard” in place of the word
“protection”. The word “safeguard” identifies a physical “thing” whereas the
word “protection” identifies the act of protecting. This standard sets forth
requirements for use of physical safeguards and requirements for those
safeguards. The safeguards provide “protection” against injury from the
equipment.

tion
IEC 60050-195:1998,195-06-08
To support the concept of safeguards as used in this st
See 3.3.5.1, basic insulation.
solid insulation
IEC 60664-1:2007, 3.4
nergy
uctive
5 also
solid
ben a
solid
rds as used in this standard.
n this
efinitign is modified to use the terms “instructed persons” and “gkilled
ather than “electrically instructed persons” and “electrically gkilled
reasonably foreseeable misuse
ISOHEC-Guide 54+2044 definition3-14

Sour

Rationale:

ooTOC o T 20 T, GCTIT

Misuse depends on personal objectives, personal perception of the equipment,
and the possible use of the equipment (in a manner not intended by the
manufacturer) to accomplish those personal objectives. Equipment within the
scope of this standard ranges from small handheld equipment to large,
permanently installed equipment. There is no commonality among the
equipment for readily predicting human behaviour leading to misuse of the
equipment and resultant injury. Where a possible reasonably foreseeable
misuse that may lead to an injury is not covered by the requirements of the
standard, manufacturers are encouraged to consider reasonably foreseeable
misuse of equipment and provide safeguards, as applicable, to prevent injury in
the event of such misuse. (Not all reasonably foreseeable misuse of equipment
results in injury or potential for injury.)
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3.3.8.1

Source:

Rationale:

3.3.8.3

Source:

Rationale:

instructed person

IEC 60050-826:2004, 826-18-02
The definition is modified to use the terms “energy sources”, “skilled pe

rson”,

and “precautionary safeguard”. The definition is made stronger by using the

term “instructed” rather than “advised”.

skilled person
IEC 60050-826:2004, 826-18-01

The definition is modified to use the phrase “to reduce the likelihood of”.

IEC 62368-1 does not use the word “hazard”.

3.3.14.4

Sour
Purpdgse:

Ratiopale:

3.3.14.9

Source:
Purpdse:

Rationale:

3.3.15%.2

Source:
Purpdgse:

Rationale:

Claudge 4

Purpg

Rationale:

prospective touch voltage
IEC 60050-195:1998, 195-05-09

working voltage
IEC 60664-1:2007, definition 3.5

If a fault condition should lead to a risk of injury, the part, material, or g
whose fault was simulated may comprise a safeguard.

bleted

5 both

cided

ved.

and
es of
as a
isk of

evice

Rationale:

Rationale is provided for questions regarding the omission of some traditional
requirements appearing in other safety standards. Rationale is also provided

for further explanation of new concepts and requirements in this standard.

Reasonable foreseeable misuse

Apart from Annex M, this standard does not specifically mention foreseeable
misuse. Nevertheless, the requirements of the standard cover many kinds of

foreseeable misuse, such as covering of ventilation openings, paper
stalled motors etc.

jams,
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functional insulation

This standard does not include requirements for functional insulation. By its
nature, functional insulation does not provide a safeguard function against
electric shock or electrically-caused fire and therefore may be faulted.
Obviously, not all functional insulations are faulted as this would be
prohibitively time-consuming. Sites for functional insulation faults should be
based upon physical examination of the equipment, and upon the electrical
schematic.

Note that basic and reinforced insulation may also serve as functional
insulation, in which case the insulation is not faulted.

Rationale:

411

Purpgse:

Ratiomale;

functional components

This standard does not include requirements for functional com s. By
their nature, individual functional components do ng guard
function against electric shock, electrically-caused fig€, Y ., and
therefore may be candidates for fault testing. Qbwiou Iy, tional
components are faulted as this would be (prohibiti i ming.
Candidate components for fault testing ysical
examination of the equipment, upon the , and
whether a fault of that component migh ghock,

conditions for ignition and propagatior/of fire, sonditions for thermal injury, etc.

As with all single fault conditio of a
functional component, there sha mple,
a benign consequence) ntary, or reinforced safeguard
shall remain effective

In some cases, a pair o i pnonents may comprise a safeguard. If

je pair is mitigated by the second
8$ a double safeguard. For example, if
protect a battery from reverse charge,
afeguard and the components shoyld be
number actually tested. A second example
d discharge resistor. If the discharge resistor ghould

eitor will not be discharged. Therefore, the X-

exceed the ES2 limits specified for a chiarged

0 components comprise a double safeguard arld the

valyes\of\each com popent are limited to values for ES1 under normal opefrating

component,
two dlode

requirements and acceptance of materials, compohents

$q accept components as safeguards.

Thisstandard includes requirements for safeguard components. A safeguard
component is a component specifically designed and manufactured fof both
functional and safeguard parameters. Examples of safeguard components are

Purpose:

capacitors complying with IEC 60384-14 and other IEC component standards.

Acceptance of components and component requirements from IEC 60065
and IEC 60950-1

To accept both components and sub-assemblies investigated to the legacy
standards, IEC 60065 and IEC 60950-1, and components complying with
individual component requirements within these standards during the transition
period.
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Rationale:

4.2.1

4.2.2

4.2.3

To facilitate a smooth transition from the legacy standards IEC 60065 and
IEC 60950-1 to IEC 62368-1, including by the component supply chain, this
standard allows for acceptance of both components and sub-assemblies
investigated to the legacy standards. Individual component requirements within
these standards may be used for compliance with IEC 62368-1 without further
investigation, other than to give consideration to the appropriate use of the
component or sub-assembly in the end-product.

This means, for example, if a switch mode power supply is certified to
IEC 60065 or IEC 60950-1, this component can be used in equipment
evaluated to IEC 62368-1 without further investigation, other than to give
consideration to the appropriate use of the component, such as use within its

electrical ratinas
)

This also means, for example, since IEC 60950-1 allows for wiking and_gables
bomply
or the

ain or
bN.

al operation or single fault, a class 1
wever, this source still remains a
hy be

ot be
ay be

3 energy source is a source that is likely to create an injury. Thefefore
3’3 energy source may not be accessible to an ordinary person |or an
instructed person. A class 3 energy source may, in general, be accessible to a
skilled person.

Any source may be declared a class 3 energy source without measurement, in
which case all of the safeguards applicable to class 3 are required.
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4.3.2 Safeguards for protection of an ordinary person

Ordinary
person

Energy
class 3

Basic
safeguard

Energy
class 2

4.3.3 Safeguards for protec

nstructed
person

IEC
4.3.4 ds for protection of a skilled person

\<<,Q Skilled

Person

Energy
class2

IEC
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Table 1 — General summary of required safeguards

Number of safeguards required to be interposed between an

energy source and a person
Person

Class 1 Class 2 Class3

Ordinary person 0 1 2

Instructed person 0 0 2

Skilled person 0 0 0or1

4.4.2

Purpdse:

Rationale:

4.4.4

Ratiopale;

4.4.46

Source:

ﬁmﬁwﬁ—gﬂm—mmmv—oﬁm—rmmd—mm—w i i uards
depending on the energy source and the person to whom fhe & Rergy isoyrce is

accessible. The different clauses have requirements thai sometiqies deviate
i S defiped in

indle safeguard (pasic,
e than one element, for

s component. Indeed, [some
fd be comprised of two or| more
elements. For example,( for two or more layers are requifed to

hin i i
 in on. sthér example is protective bonding and
f Wi are>comprised of wires, terminals, sgrews,
we” or more elements, then the function pf the
promised by a failure of any one elemenf. For

attackhiny-a protective earthing wire should loosen, then the
protective earthing circuit may be

ards shedld be sufficiently robust to withstand the rigors of expgected
out the equipment lifetime. Robustness requirements are spgcified

IEC 60065

Purpose:

Rationale:

Verify that any glass that breaks does not cause sKin-laceratng injury, or
expose class 3 hazards behind the glass.

When it comes to glass, two hazards can be present in case the glass breaks:
— Accessibility to sharp edges from the broken glass itself

— Exposure of class 3 energy hazards in case the glass is used as (part of)
the enclosure

Should the glass break during the impact test, T.9 is applied to ensure the
expelled fragments will be at MS2 level or less.
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Platen glass has a long history of being exempted, because it is quite obvious
for people that, if broken, the broken glass is hazardous and contact should be
avoided. There is no known history of serious injuries with this application.
Platen glass is the glass that is typically used in scanners, copiers, etc.
Accidents are rare, probably also because they are protected by an additional
cover most of the time, which limits the probability that an impact will occur on
the glass.

CRT’s are exempted because they have separate requirements.

The test value for floor standing equipment is higher because it is more likely
to be impacted by persons or carts and dollies at a higher force while in normal
use.

The exemption for glass below certain sizes Is taken over_from |[EC g0065.
There is no good rationale to keep the exemption, other t at there-gre no
serious accidents known from the field. The HBSDT degide ey wpant to
keep the exemption in.

Glass
breaks ?

y

Fragmentation test
T.10

PASS ?

A\ 4

( PASS )

IEC



https://iecnorm.com/api/?name=40cdb54463244b9a9062fd5f4fb82a32

IEC TR 62368-2:2015 © IEC 2015 -13 -

4.4.49

4.6

Source:
Purpose:

Compliance criteria

The value of 30 g for the weight limit is chosen based on the maximum
dimension of 50 mm. A typical piece of glass with a size of 50 mm x 50
mm x 4 mm (roughly 2,80 g/cm3) would have a weight of around 30 g.

Fixing of conductors

IEC 60950-1

To reduce the likelihood that conductors could be displaced such that they
reduce the creepage distances and clearances.

Rationale:

4.7

Sourdle:

Purpdse:

Ratiopale:

4.9

Purpdgse:

Clauge 5

Purpgse:

These requirements have been successfully used for products in the scgpe of
this standard for many years.

Equipment for direct insertion into mains socket-gu

IEC 60065:2014, 15.5
IEC 60950-1:2005/AMD 1:2009/AMD 2:2013, 4.3
IEC 60335-1:2010, 22.3

IEC 60884-1:2002/AMD 1:2006/AMD 2:20

insertion into mains

socket-outlets does not impose unduye torg 3 soCket-outlet due {o the
mass and configuration of the équipwernt. i pe of equipment ofien is
known as Direct Plug-in Z ¢ in“Transformers

Socket outlets are required tx ply\with /the safety requirements in
IEC 60884-1:2002, incl requirements result in gocket
designs with certain d quipment incorporating integral pins

sign Jdimitat]
for insertion jnto mains socutl hot allowed to exceed these design

q to establish opening requirements that would
foreign tonductive objects falling into the equipmerjt that
ithin_cfass 2 or class 3 circuits, or between PS circuifs that

ight where it is considered unlikely that a person would
something that could consequently fall into the equipment.

-caused injury

5 classifies electrical energy sources and provides criterig for
determining the energy source class of each conductive part. The critefia for
energy source class include the source current-voltage characterjstics,

durafion, and capacitance. Each conductive part, whether curreni-carrying or
not, or whether earthed or not, shall be classed ES1, ES2, or ES3 with respect
to earth and with respect to any other simultaneously accessible conductive
part.

240 VA limit

It should be noted that IEC 62368-1 does not have requirements for a 240 VA
Energy Hazard, such as was previously located in 2.1.1.5 of IEC 60950-1:
2005/AMD 1:2009/AMD 2:2013.

The origin/justification of the 240 VA energy hazard requirement in the legacy
standards was never precisely determined, and it appears the VA limits may
have come from a manufacturer’s specifications originally applied to exposed
bus bars in mainframe computers back in the 1960’s and concerns at the time
with service personnel inadvertently bridging them with a metal part.
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However, when |IEC TC 108 started the IEC 62368-1 project the intent was to
take a fresh look at product safety using HBSE and only carry over a legacy
requirement if the safety science and HBSE justified it. After considerable
study by TC108, there was no support for carrying over the 240 VA
requirement since:

— the requirements were not based on any proven science or sound technical
basis,

— the 240 VA value was relatively arbitrary, and

— in practice the requirement was difficult to apply consistently (for example,
on a populated printed board or inside a switch mode power supply).

In the meantime. ther r ner limits for itors in CI which
nergy
osure
those

equired

by 6.5.3).

Electric burn (eBurn)

Analysis of the body current geners ' inugoidal

waveforms shows that the current contipiuy increasg’ wi . The

same analysis shows that the /% ( i [ i with
frequency, stabilizes

The following paper des e "Touch Current Compdrison

Looking at IEC 60990 M &l . Electric

Burn'; Peter E Perkins; F r, Vol

4, No 2, Nov 2008.
br the
body
sover
these
Tot be
n the
m2);

this Short contact time, it is not reasonable to define different levels for
arious persons;

— this requirement applies to accessible circuits that can be contacted at both

poles, including all grounded secondary circuits and any isolated cjrcuits

5.2.1

Source:
Purpose:

Rationale:

wrnere DO CoONtacts dre easlly avdllable 1O tOUCH.

A simplified application of these requirements in the standard limits the
accessibility of HF sinusoidal currents above a specified frequency. The 22 kHz
and 36 kHz frequency limits are where the eBurn current crosses the 5 mA limit
for the ES1 and ES2 measurement circuits. This will ensure that the person
contacting the circuit will be able to remove themselves from the circuit under
these conditions.

Electrical energy source classifications

IEC TS 60479-1:2005 and IEC 61201

To define the line between hazardous and non-hazardous electrical energy
sources for normal and abnormal operating conditions.

The effect on persons from an electric source depends on the current through
the human body. The effects are described in IEC TS 60479-1.
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Duration of current flow f, ms

IEC TS 60479-1:2005 (see Figures 20 and 22, Tables 11 and 13); zone AC-1
and zone DC-1; usually no reaction (Figure 1 and Figure 2, Table 2 and
Table 3 in this technical report) is taken as values for ES1.

IEC TS 60479-1:2005 (see Figures 20 and 22; Tables 11 and 13); zone AC-2
and zone DC-2; usually no harmful physiological effects (see Figure 1 and
Figure 2, Table 2 in this technical report) is taken as values for ES2.

IEC TS 60479-1:2005; zone AC-3 and zone DC-3; harmful physiological effects
may occur (see Figure 1 and Figure 2, Table 2 and Table 3 in this technical
report) is the ES3 zone.

10
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Body current I, mA
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Table 2 — Time/current zones for a.c. 15 Hz to 100 Hz
for hand to feet pathway (see IEC TS 60479-1:2005, Table 11)

the|relevant thresholds are surpassed. As regards ventricifar fibrillati

curfent which flows in the path left hand to feet. For oth
considered.

current factor ha

Zones Boundaries Physiological effects

AC-1 up to 0,5 mA curve a Perception possible but usually no startle reaction

AC-2 0,5 mA up to curve b Perception and involuntary muscular contractions likely but usually no
harmful electrical physiological effects

AC-3 Curve b and above Strong involuntary muscular contractions. Difficulty in breathing.
Reversible disturbances of heart function. Immobilisation may occur.
Effects increasing with current magnitude. Usually no organic damage
to-be-expected:

AC-42 Above curve c, Pathophysiological effects may occur such ag cardiag arrest,
breathing arrest, and burns or other cellul obabilify of
ventricular fibrillation increasing with cu d tine.

cp—cy AC-4.1 Probability of ventricular fibril ut
5 %.
Cy = Cq AC-4.2 Probability of ventricula
Beyond curve c, AC-4.3 Probability of ventm i
2  For|durations of current flow below 200 ms, ventricular fibrillatj 'M vulnerable pleriod if

relates to the effects of

to be

ms

Duration of current flow ¢,

LD
A N

5 (oo

A AN
NN

2 Qoo [\

IREEORW S
%

DC-3

DC-4

0 /;\\\
\\ / E%
Z =
10 %ﬁ% -
01 02 05 1 2 5 10 20 50 100 200 500 1000 2000 5000 10000

Body current /g

, MA

IEC

Figure 2 — Conventional time/current zones of effects of d.c. currents on persons
for a longitudinal upward current path (see IEC TS 60479-1:2005, Figure 22)
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Table 3 — Time/current zones for d.c. for hand to feet pathway

(see IEC TS 60479-1:2005, Table 13)

Zones Boundaries Physiological effects

DC-1 Up to 2 mA curve a Slight pricking sensation possible when making, breaking or rapidly
altering current flow.

DC-2 2 mA up to curve b Involuntary muscular contractions likely, especially when making,
breaking or rapidly altering current flow, but usually no harmful
electrical physiological effects

DC-3 curve b and above Strong involuntary muscular reactions and reversible disturbances of
formation and conduction of impulses in the heart may occur,
increasing wi i i i
damage to be expected.

gc-42 Above curve ¢, Pathophysiological effects may occur such

€1 =6

€2~ C3

Beyond curve ¢,

5 %.

DC-4.2 Probability of ventricular fipri
DC-4.3 Probability of ventrisular Fioh| %\
VS .\

2 For triod if
the urrent
whi factor
hag

ferred
in this
technical r ferred

into a grap

Efffects

Energy source

Threshold of perceptiop
b) Threshold of let go
c) Threshold of ventriculgr

fibrillation

: \

Energy

IEC

Figure 3 — lllustration that limits depend on both voltage and current
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Within the standard only the limits for Zone 1 (green) and Zone 2 (yellow) will
be specified.

Curve “a” (limit of Zone 1) will be the limit for parts accessible by an ordinary
person during normal use.

Curve “b” (limit of Zone 2) will be the limit for parts accessible by an ordinary
person during (or after) a single fault.

TC 108 regarded it not to be acceptable to go to the limits of either Zone 3 or
4.

In the standard three (3) zones are described as electrical energy sources.
This classification is as follows:

5.2.2.p

Sourdle:

Ratiompale:

— electrical energy source 1 (ES1): levels are of such a va at they (iio not

exceed curve “a” (threshold of perception) of Figure gure 2 in this
technical report (see IEC TS 60479-1:2005, Figures Z0

— electrical energy source 2 (ES2): levels are of sug xceed
curve “a”, but do not exceed curve “b” (thres e 3 1 and
Figure 2 in this technical report (see IEC TS<604T7Q-:2¢ i 0 and
22).

— electrical energy source 3 (ES3): levels are of 5 : Iue hat they ekceed

curve “b” of Figure1 and Figu
IEC TS 60479-1:2005, Figures 20 &

report| (see

;| AIEE

nd b,
2005,

m the
. ISince
ovide

g§s the

guard,
r, this
subclause references both the IEC 60990 perceptlon/reaction
(Figure 4 of IEC 60990:1999) and the let-go network (Figurg 5 of
80990:1999), selection of which depends on several factors, one |being
whether the part is considered a “grippable part.” It is clear from IEC $0479
that immobilization due to electric current applies more broadly than whether or

not the part is “grippable”; and Figure 5 applies to touch currents above 2 mA
r.m.s., which has been done here. IEC TC108 has decided that parts under
single fault conditions of relevant basic or supplementary safeguards should be
measured per Figure 5 of IEC 60990:1999 (let-go network). Therefore, since
5.1.2 makes reference to both Figure 4 and Figure 5 of IEC 60990:1999, for
clarification Table 5 is mentioned directly in this subclause 5.2.2.2.

Because there is usually no reaction of the human body when touching ES1,
access is permitted by any person (IECTS 60479-1; zone AC-1 and
zone DC-1).

Because there may be a reaction of the human body when touching ES2,
protection is required for an ordinary person. One safeguard is sufficient
because there are usually no harmful physiological effects when touching ES2
(IEC TS 60479-1; zone AC-2 and zone DC-2).


https://iecnorm.com/api/?name=40cdb54463244b9a9062fd5f4fb82a32

IEC TR 62368-2:2015 © IEC 2015

5.2.2.3

- 19 -

Because harmful physiological effects may occur when touching

ES3,

(IEC TS 60479-1; zone AC-3 and zone DC-3), protection is required for an

ordinary person and an instructed person, including after a fault of
safeguard.

Capacitance limits

Table 5 — Electrical energy source limits for a charged capacitor

Source:
Rationale:

IEC TS 61201:2007 (Annex A)

one

Where the energy source is a capacitor, the energy source class is determined

from both the charge voltage and the capacitance. The capacitance limi

5.2.2.4

Table] 6< Vo

Ratiopale:

The values for ES1 are calculated by dividing the hes
IEC TS 61201:2007 by two (2).
Table 4 — Limit values of accessible capacitance{thr old o

derived from IEC TS 61201.

The values for ES2 are derived from Table A.2 of IEC TS8{1201:20Q7:

U (V) C (vF) v V) < | NGB
70 42,4 v~ N 80\
78 10,0 (2 (O e/
o TN e

90 &2

100 0,& 2 — 014

150 0(17 ~ \4\0 \ 0,2
o,bg1 \\ @ 0,133
b& b

he valueS are based on the d.c. current values of Table 4, assuming 2
o voltage of 120 V d.c. (body resistance of 4,8 kQ). The lowest va
taken“as 120 V because, under single fault conditions, the voltage of E

S are

ple A.2 of

5 mA
lue is
S1 is

permitted to go to 120 V d.c. without a time limit.

Ihe table allows Tinear interpolation because the diiference 1s considered
very small. However, the following formula may be used for a more
interpolation of the log-log based values in this table. The variable ¢ or V

to be
exact
is the

desired unknown "in between value" and either may be determined when one is

known:
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log 7, - log ¢
log V, +10g V, x --memmmmmmmmaeaaan
log ¢ —log ¢,
V = Antilog
log ¢, - log ¢
1+ oo
log ¢ - log ¢,
and
log ¥V, —log V'
log #, +10g £y x =-m==-=m-mmmommooooen
log V' —log V,
+—=ArtHog
log V,—log V
14—
log V' —log V,

where:

t is the time duration that is required to be determined if
known and V needs to be determined) ;

or ¢ is

Vis the U . voltage value that is known if-+tn i S determined (pr V is

V, is the value of the voltage Upeak

Upe,ak adj |4 or@)on Rg to time duration 7, .

adjacenf to [ i ime duration 7, ;

V, is the value of the voltag

Tablel 7 — Current limits for single p

Source: IEC TS 60479-1:2005

Rationale: not exceed the ES1 steadystate

fen calculated by using the d.c. cprrent
gchnical report and the resistance vallies of
2005, column for 5 % of the population| (see

pulses in Table 7 for ES1 levels are from curve a

Pinterpolation because the difference is considered|to be
vever, the following formula may be used for a more |exact
e log-log based values in this table. The variable ¢ or I|is the
own "in between value" and either may be determined when pne is

log t, —log ¢
log 7, +l0g I x ============mn-mme-
log t - log ¢,
V = Antilog
log ¢, — log ¢
1+ —mmmmmmmmmeeeee
log t —log t,
and
log I, —log I
log ¢, +10gty x =-==m-msmmomemooeen
log 7 - log 1,
t = Antilog
log 7, —log 7
1 4 oo
log 7 - log 1,
where:

t is the time duration that is required to be determined if the electric current 7 is known (or ¢
is known and I needs to be determined);

t, is the time duration adjacent to ¢ corresponding to the electric current I
t, is the time duration adjacent to  corresponding to the electric current L;
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I is the value of the 7 __, current that is known if time duration ¢ is to be determined (or / is
required to be determined if time duration ¢ is known) ;

I, is the value of the Loeak adjacent to 7 corresponding to time duration #,;

I, is the value of the Loeak adjacent to 7 corresponding to time duration #,.

Table 5 — Total body resistances Ry for a current path hand to hand, d.c.,

for large surface areas of contact in dry condition

Values for the total body resistance Rt (Q2)
that are not exceeded for
Touch voltage
\%
5 % of the 50 % of the 5 % of'the
population population opulation
25 2100 3875 7 2%5
50 1600 2 900 7 \>
75 1275 2275 4 N0
100 1100 1900 35
125 975 16 75
150 875 5 N 2 475
175 825 1350 225
200 800 5 2 050
225 775 5 1900
400 7 0 Q > 1275
500 25 < 50 1150
700 5 7 1050
1000 57 775 1050
Asymptotic value 575 K5 1050

of the skin

For longer dupations RT valu Q sreas
' (aboy 10

Me RT for the current path hand to foot

5.2.2.p

Table| 8 — Electrica

Sourcles:

petitive pulses

nergy source limits for repetitive pulses
IEC TS 60479-2 and IEC TS 60479-1

Rationale:

For repetitive pulses with a pulse-off time less than 3 s the steady state peak
values of Table 4 are used.

For repetitive pulses with a pulse-off time more than 3 s the limit values of
single pulses from Table 6 (voltage) or Table 7 (current) are used.

In the past (IEC 60950-1) we have typically used 1 s as the normal heartbeat
interval time for which we have provided protection — for example impulse
protection. The reason is that 1 s (60 bpm) is the average heart rate for
humans. In order to provide protection for the entire population the heart rate
distribution is used and the time selected to protect the entire population.
Marathon and triathlon competitors often have a rest heart rate on the order of
20 bpm. TC 64/WG 4 agrees that the protection time needs to be increased to
3 s to provide protection for the full population. We have used this value in
IEC 62368-1.
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Source:
Purpose:

Rationale:

5.2.2.7

Source:
Purpose:
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Ringing signals
EN 41003

To establish limits for analogue telephone network ringing signals.

For details see rationale for Annex H. Where the energy source is an analogue
telephone network ringing signal as defined in Annex H, the energy source
class is taken as ES2 (as in IEC 60950-1:2005, Annex M).

Audio signals

IEC 60065:2014
To establish limits for touch voltages for audio signals.

Ratiovhale:

5.3.2

The proposed limits for touch voltages at terminals involvi L s that
may be contacted by persons have been extracted without d from

IEC 60065. Reference: 9.1.1.2 a) of IEC 60065:20%4. Upe S fault

conditions, 10.2 of IEC 60065:2014 does not permit seN btable

touch voltage limits.

The proposed limits are quantitatively larger th ables

5 and 6, but are not considered dangerous forth

— the output is measured with the load disCenne

— defining the contact area of connectors & i i ry difficult que to
complex shapes. The area of qontact i i small due tp the

— normally, it is reco ‘ imstruction manual prgvided
with the equipment, 3 ioNn's ade with the equipment jin the
“off” condition. In thisNcase sasider the user as an instjucted
person;

— in addition to being\on, equipraent would have to be playing |[some

e load disconnected to achieve the

highly unlikely). Historically, no known

plifiers with non-clipped output lesg than

6de (USA) permits accessible terminals| with
of 120 V r.m.s.

ical energy sources and safeguards

Equipmentenclosure

Doubleinsulated

ES2
source

IEC

What are the requirements between the non-accessible sources?

Answer: None. As the enclosure is double insulated, the sources are not
accessible.
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ES3
source

ES2
source

Double/Reinf

Equipmentenclosure
/ Doubleinsulated

Accessible connection

sources in this case?
Answer:

— Basic insulation between ES1 and ES?Z
— Double or reinforced insulation betiveer

— The insulation between ES2
the ES1 and ES2

<

Rl

Pt

D
\<</Q

ow

glipmentenclosure
Doubleinsulated

“~ Accessible connection

Accessible connection

e

IEC

fween

ere are two accessible connections from Independent sources.

the requirements between the sources in this case?

Answer:

at are

— According to B.4, the insulation or any components between the sources

need to be shorted

— If one of the two ES1 sources would reach ES2 levels = basic safeguard
(Note that a source that exceeds ES1 levels is not an ES1, but an ES2

sourcelll)

— If both ES1 sources stay within ES1 limits = no safeguard (functional

insulation)
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5.3.2.2

Source:
Purpose:

Rationale:

5.3.2.3
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Contact requirements

IEC 61140:2001, 8.1.1

Determination of accessible parts for adults and children. Tests are in
IEC 62368-1, Annex V.

For voltage below 420 V peak (300 V r.m.s.) no clearance breakdown will occur
according to “Paschen-law”.
Compliance criteria

The reason for accepting different requirements for components is because
you cannot expect your supplier to make different components for each end

5.3.2.

Sour
Purpgse:

Rationale:

5.4

Rationale:

5411

Sourdle:
Purpgses

Ratiompale:

5.4.1.

Source:

Rationale:

appiication.

Terminals for connecting stripped wire

IEC 60065
To prevent contact of ES2 or ES3 parts.
Accepted constructions used in the audio/video

a rs.

Insulation materials and requirements

The requirements, test methods and/complianc m the
actual outputs from TC 108 MT2 (for MT1.
— The choice and application of ¢ heeds
for electrical, ther , brking
voltage and working and
pollution).
anical
entary

ith their component standards (for exgmple,

durably\withstanding electrical, mechanical, thermal, and environmental gtress

fems

IEC 60085, IEC 60364-4-43, ISO 306, IEC 60695-10-2
Temperature limits given in Table 11:

— limits for insulation materials including electrical insulation systems,
including winding insulation (Classes A, E, B, F, H, N, R and 250) are taken
from IEC 60085;

— limits for insulation of internal and external wiring, including power supply
cords with temperature marking are those indicated by the marking or the
rating assigned by the (component) manufacturer;

— limits for insulation of internal and external wiring, including power supply

cords without temperature marking of 70 °C are referenced in
IEC 60364-4-43 for an ambient temperature of 25 °C;
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5.4.1.4.3

Rationale

— limits for thermoplastic insulation are based on:

data from Vicat test B50 of ISO 306;
ball pressure test according to IEC 60695-10-2;

when it is clear from the examination of the physical characteristics of the
material that it will meet the requirements of the ball pressure test;

experience with 125 °C value for parts in a circuit supplied from the
mains.

Compliance criteria

As an example, a material rated for 124 °C is considered suitable for classes

5.4.1.

Sour

Rationale:

5.4.1.6.2

5.4.1.p

Source:
Purpgse:

Rationale:

5.4.1.

Source:
Purpgse:

~J

Ratiomale;

5.4.1.8

Sourdle:

Ratiovpale:

whose temperature is lower (class with letter codes E gnd_A) and/npt for

classes whose temperature is higher (class with letter codg

250).

Pollution degrees

IEC 60664-1
No values for PD 4 (pollution generates persSi

The compliance check
and multi-layer boards W

etc.

IEC 60664-1:2007, 3.5; IEC 60950-1

H,."™N;"R and

g the

breakdown due to starting pulses.
been successfully used for products in the scope df this

The working voltage does not include short duration signals, sugh as

5.4.1.8.1

Rationale:

5.4.1.8.2

Source:

Rationale:

fransients. Recurring peak voltages are included (lransient overvoltages are
covered in the required withstand voltage). Ringing signals are not carrying
external transients.

General

Functional insulation is not addressed in Clause 5, as it does not provide
protection against electric shock. Requirements for functional insulation are
covered in Clause 6, which addresses protection against electrically caused

fire.

RMS working voltage

IEC 60664-1:2007, 3.5
RMS working voltage is used when determining minimum creepage distance.
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5.4.1.8.3

Source:
Rationale:
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Peak working voltage

IEC 60664-1:2007, 3.8
In other product safety standards, “Circuit supplied from the mains” has

2015

been

used for a “primary circuit”. “Circuit isolated from the mains” has been used for

a “secondary circuit”.

“External circuit” is defined as external to the equipment. ES1 can be ex
to the equipment.

ternal

For an external circuit operating at ES2 level and not exiting the building, the

transient is 0 V. Therefore, in this case, ringing peak voltage needs to be
into account.

taken

5.4.1/0

Sourdle:
Ratiopale:

5.4.2

5.4.2(

Sourdle:
Rationale:

Thermoplastic parts on which conductive metallic parts are directly

mounted

ISO 306 and IEC 60695-2 series

125 °C.

Clearances

General requirements
IEC 60664-1:2007

The dimension for a cle \ \ d from the required im
withstand voltage cleg concept is taken
IEC 60664-1:2007, 5.1. iti gnces are affected by the larg
the determinted transients. lihdod of simultaneous occurren

removed and the occurrence of a transient overvoltage, have a re

1ditions

part.
than

pulse
from
est of
ce of

tages

ments

uctive
basic
nal to
after
ormal

being
Huced

likelihood and hazard potential.

Source:
Rationale:

TEC 60664-2 series, Application guide
The method is derived from the IEC 60664-2 series, Application guide.
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Procedure 1 (P1):
Peak Working Voltage (PWV)
(see 5.4.2.2)

—27—

Procedure 2 (P2):
Required Withstand Voltage (RWV)
(see 5.4.2.3)

. determine transients
determine PWV use Tables 13 and 14
4 A

<30 kHz: .

use Table 11 determine RWV

/> 30 kHz:

use Table 12

use largest 6 ES test

clearance \ use TaRle 15E use Table 16
use larg arance (P1 or P2)
Q +ES test
\) IEC

Example:
Asguming:
— Bn SMP
- fo A& mains,
— a \ >
— frequensigs aboyve and below 30 kHz, and
— feinforced’tlearghces required
— [emporary overvoltages: 2 000 V
Pracedure 1: Procedure 2:
Ta i ; i

Table 12 requires 0,44 mm
Result is 2,54 mm
NOTE All PWV below 1 200 V have clearance

requirements less than 3 mm for both Table 11 and
Table 12

Final result:
3,0 mm or
ES test at 4,67 KV and 2,54 mm

ATTENTION:

RWV =2 500V

Table 15 requires 3,0 mm

The required ES test voltage according to
Table 16 is 4,67 KV

Result is 3,0 mm or ES test at 4,67 KV

For a product with connection to coax cable, different values are to be used since a
different transient and required withstand voltage is required.
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5.4.2.2 Procedure for determining clearance using peak working voltage

Table 11 — Minimum clearances for voltages with frequencies up to 30 kHz

Rationale: TC 108 noted that, if the rules of IEC 60664-1 are followed, for reinforced
clearance, some values were more than double the requirements for basic
insulation. TC 108 felt that this should not be the case and decided to limit the
requirement for reinforced insulation to twice the value of basic insulation,
thereby deviating from IEC 60664-1.

In addition, normal rounding rules were applied to the values in the table.

: IEC 60664-1:2007, 4.3.3.3
Rationale: Table 13 is derived from Table F.1 of IEC 60664-1:2007

ed by
and

5.4.23.2.4

Sourcie:

Rationale: ts on
ly for
r the
It is expected that external ci i a-transient voltage of 1,5 kV| peak

) outside the building.
dependent\from the application (telecom; LAN or

1ed) that>for all kinds of applications the [same
a\1,5 kV

gits using earthed coaxial cable receiye no
into account from sources outside the bui|ding.

d skjeld of the coaxial cable, a possible transient ¢n the

The expected transient\is i

external circuits within the same building no tranpgients
into account.

or an interface are defined with respect to the terminals where

oltage\is defined. For the majority of cases, the relevant voltaggs are
c) and differential mode (U,) voltages at the interface. For hand-
held parts or other parts in extended contact with the human body, such as a
telephone hand set, the voltage with respect to local earth (U,) may be
relevant. Figure 4 in this technical report shows the definition of the various

[EY £ H <l <l % HP £
VUllayUO U JAairCu™ouriuuvivur mneiracvc.

The transients for coaxial cable interfaces are between the centre conductor
and shield (Uy) of the cable if the shield is earthed at the equipment. If the
shield is isolated from earth at the equipment, then the shield-to-earth voltage
(Ug) is important. Earthing of the shield can consist of connection of the shield
to the protective earth, functional earth inside or immediately outside the
equipment. It is assumed that all earths are bonded together. Figure 5 in this
technical report shows the definition of the various voltages for coaxial-cable
interfaces.

An overview of insulation requirements is given in Table 6.
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EUT

I I $lo [ ta £l tal ol b PP
—otarearmeoRtrereTrooMetarPraMmog—StC

IEC

Figure 4a - Paired conductor interface— shielded cable

EUT

IEC

oC rth (concrete floor, metal plumbing, etc.)
IEC

Figure 4c - Paired conductor interface — no earth

Figure 4 — TlTustration of transient voltages on paired conductor external circui

S
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EUT

Local earth (concrete floor, metal plumbing, etc.)
IEC

Figure 5a - Coaxial cable interface — earthed at both

ng entrance or other equipment, not earthed at

requirements for external circuits

External c it \) Insulation Requirement
umc nsideration
ENN \ None None

ES1 unearhed Separation (to floating metal Electric strength test (using Table 16)
parts and other floating ES1 between unearthed ES1 and other
circuits) unearthed ES1 and floating parts

ES2 Basic insulation (to ES1 and Clearances; creepage; and solid
metal parts) Tsutatiomamd 193 eiectric strefngur iest

(using Table 16) between ES2 and ES1
and metal parts

ES3 Double or reinforced (to ES1, Clearances; creepage; and solid
ES2 and metal parts) insulation requirements including electric
strength test (using Table 16)

Table 14 — External circuit transient voltages

Rationale: When the d.c. power distribution system is located outside the building,
transient over-voltages can be expected. Transients are not present if the d.c.
power system is connected to protective earth and is located entirely within a
single building.

5.4.2.3.2.3 Determining d.c. mains transient voltages

Rationale: Transient overvoltages are attenuated by the capacitive filtering.
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Source:

5.4.2.3.4

Source:

Rationale:
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Determining transient voltage levels by measurement

Test method is taken from IEC 60950-1:2005/AMD 1:2009/AMD 2:2013, Annex
G.

Determining clearances using required withstand voltage

IEC 60664-1:2007, Table F.2 Case A (inhomogeneous field) and Case B
(homogeneous field)

Values in Table 15 are taken from IEC 60664-1:2007, Table F.2 Case A
(inhomogeneous field) and Case B (homogeneous field) and include explicit

values for reinforced insulation. Clearances for reinforced insulation have been
awaath E 10 aof 1EC a0eReA Orced

1-2007

cealeplatod 1n oo rdanon Eor _raoin

Table)

Rationale:

10,00

\vieaavavposava b e A vAVAC A BV Lo g p ) v o)

T OUT T T Ot o1

rated Sim

V‘vll.ll AL T L= "I~ AvAvAv by 4
pulse

tages
% of

the required withstand voltage for basic insulation.

When determining the required withstand vol
allowed when the internal repetitive peak voltages a
peak voltages, or if the required withstand vg i

Id be
mains
hsient

irements of

IEC basic

60664 series. IEC 60664-1 spe

safety
cifies

sulation. Clearances for reinflorced
s the

ide a

2,5

9,00

8,00

2,0

E/E

1,5

5,00

Clearance, mm

4,00

reinforced to basic

3,00

Rati

2,00

1,00

Basic insulation
Reinforced insulation

0,5

— — — Ratio reinforced to basic | |

_ 17

0,00

Figure

0,0

1000 2 000 3 000 4 000 5000 8 000

Required withstand voltage

6 000 7 000
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6 — Basic and reinforced insulation in Table 15 of IEC 62368-1:2014 —
Ratio reinforced to basic
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The brown line, reinforced clearance, is not a constant slope as is the yellow
line, basic clearance. The ratio of reinforced to basic (blue line) varies from a
maximum of 2:1 to a minimum of 1,49:1. Physically, this is not reasonable; the
ratio should be nearly constant.

In IEC 60664-1, the values for basic insulation are given in Table F.2. No
values are given for reinforced insulation. Table F.2 refers to 5.1.6 of
IEC 60664-1:2007 for reinforced insulation.

Rule 1, preferred series impulse withstand voltages
Subclause 5.1.6 of IEC 60664-1:2007 states:

“With respect to impulse voltages, clearances of reinforced insulation shall be
dimensioned as specified in Table F.2 corresponding to the rated impulse

voltage but one step higher in the preferred series of values-in_4.2.3 thap that
specified for basic insulation.”
NOTE 1 IEC 62368-1 uses the term “required withstand voltaggXinstead of thex]EC §0664-1
term “required impulse withstand voltage.”

NOTE 2 IEC 62368-1 uses the term “mains transient voltagel instead ofthe IE 066411 term
“rated impulse voltage.”

The preferred series of values of rated imgQulse ) Qrding to 4.2.3 of
IEC 60664-1:2007 is:
330V, 500V, 800V, 1500V, 2500 8 000 V, 12 000|V
Applying Rule 1, the reinforced <l& int yéneous field, pollution
degree 2, Table F.2 of IE
— 330V would be theYqasitins 0,2 mm
— 500 V would be the basjc insuta 3 0,2 mm
— 800V would be the 0,5 mm
— 1500V would be th 1,5 mm

3,0 mm

5,5 mm

8,0 mm

insulation clearance for 12 000 V: 14,0 min
inate because there is no preferred voltage @above

o pulse withstand voltages other than the prefierred

Mon-mains circuits, subclause 5.1.6 of |IEC 60664-1:2007

imgulse withstand voltage required for basic insulation according to
is other than a value taken from the preferred series, reinforced
jon shall be dimensioned to withstand 160 % of the value requirgd for
basic insulation.”

0664-
1, Table F.2 of IEC 60664-1:2007) are:

400 Vv, 600 V, 1 200 V, 2 000 V, 3 000 V, 10 000 V, and all voltages above
12 000 V.

Applying Rule 2, the reinforced clearance (inhomogeneous field, pollution
degree 2, Table F.2 of IEC 60664-1:2007) for:

400 V x 1,6 = 640 V interpolated to 0,20 mm

Since 640 V is not in the list, the reinforced insulation is determined by
interpolation. Interpolation yields the reinforced clearance as 0,2 mm.

Applying Rule 2 to the impulse withstand voltages in Table F.2 of IEC 60664-
1:2007 that are not in the preferred series:

— 400V x 1,6 = 640 V interpolated to 0,20 mm
— 600V x 1,6 =960 V interpolated to 0,24 mm


https://iecnorm.com/api/?name=40cdb54463244b9a9062fd5f4fb82a32

IEC TR 62368-2:2015 © IEC 2015 -33 -

1200V x 1,6 =1920V interpolated to 0,92 mm

2000V x 1,6 =1320V interpolated to 2,2 mm

3000V x1,6=4800YV interpolated to 3,8 mm

10 000 V x 1,6 =13 000 V interpolated to 19,4 mm

15 000 V to 100 000 V x 1,6 and interpolated according to the rule.
Clearance differences for Rules 1 and 2

The two rules, Rule 1 for impulse withstand voltages of the preferred series,
and Rule 2 for impulse withstand voltages other than the preferred series, yield
different clearances for the same voltages. These differences occur because
the slope, mm/kV, of the two methods is slightly different. The slope for Rule 1

is not constant. The slope for Rule 2 is nearly constant. Fi 7 illustrates the

Comparaison of rule 1 and rule 2 clearances

15

Rule 1

Rule 2

Basic insulation
——— Table 19

_
o

Clearance, mm

00 3 M 000 5000 6 000 7 000 8 000
Impise withstand voltage
IEC

M 2§ for Rules 1 and 2 are combined into one set of valuep, the
are the same as in existing Table 15 (the brown line in Figures 1 and 2).
dingto IEC 60664-1:2007, 5.1.6, only the impulse withstand voltages
other than a value taken from the preferred series...” are subject to the 160 %
ruleTherefore, the clearances jump from Rule 1 criteria to Rule 2 criteria and
back again. This yields the radical slope changes of the Table 15 rein1orced
clearances (brown) line.

Physically, the expected reinforced insulation clearances should be a constant
proportion of the basic insulation clearances. However, the proportion between
steps of Rule 1 (preferred series of impulse withstand voltages) are:

— 330 Vto 500 V: 1,62

— 500V to 800 V: 1,60
— 800V to1500V: 1,88
- 1500V to2500V: 1,67
— 2500V to4000V: 1,60
- 4000V to6000V: 1,50
— 6000V to8000V: 1,33
- 8000V to12000 V: 1,50

Average proportion, 330 V to 12 000 V: 1,57
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For Rule 2, all of the reinforced clearances are based on exactly 1,6 times the
non-preferred series impulse withstand voltage for basic insulation.
The two rules applied in accordance with 5.1.6 of IEC 60664-1:2007 result in
the variable slope of the reinforced clearance requirements of IEC 62368-1.

TC 108 noted that, if the rules of IEC 60664-1 are followed, for reinforced
clearance, some values were more than double the requirements for basic
insulation. TC 108 felt that this should not be the case and decided to limit the
requirement for reinforced insulation to twice the value of basic insulation,
thereby deviating from IEC 60664-1.

In addition, normal rounding rules were applied to the values in the table.

5.4.2.4 Determining the adequacy of a clearance using an electric_strength té¢st
Source: IEC 60664-1:2007, Table F.5
Purpagse: Tests are carried out by either impulse voltage or a.¢: alues
of Table 16.
Ratiomale: 2007,
alues
hble 7
hat is
g the electric strength test
Iilated
ster
Qn” (voltage divides inversely proportional fo the
P 500
mel +
Ena:rel Air Transient Transient Transient Peak Test Test
thicknjess on 240 voltage voltage impulse voltage voltage
ystem across air across test across air acfoss
mm o gap enamel voltage for gap enamel
2500V
peak
transient
from
Table 17
Material: Polyester, dielectric constant = 5
0,04 2 2 500 2490 10 2 950 12 2938
0,04 1 2 500 2 480 20 2 950 24 2 926
0,04 0,6 2 500 2 467 33 2 950 39 2911

For 2 500 V peak impulse (transient for 230 V system), the homogenous field distance is 0,6 mm (from Table A.1
of IEC 60664-1:2007). Our test voltage for 2 500 V peak is 2 950 V peak from Table 16. This means that a
minimum distance of 0,79 mm through homogenous field needs to be maintained to pass the 2 950 V impulse test.
This gives us a margin of (0,19/0,6) x 100 = 3,2 %. In actual practice, the distance will be higher as it is not a true
homogenous field. Therefore, we do not need to verify compliance with Table 15. We are always on the safe side.

Material: Polyamide, dielectric constant = 2,5
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Enamel Air gap Transient Transient Transient Peak Test Test
thickness on 240 V voltage voltage impulse voltage voltage
system across air across test across air across
mm mm gap enamel voltage for gap enamel
2500V
peak
transient
from
Table 17
0,04 2 2 500 2 480 20 2 950 23 2 927
0,04 1 2 500 2 460 40 2 950 46 2 904
0,04 0,6 2 500 2 435 65 2 950 76 2 874
For 2 800 V peak impulse (transient for 230 V system), the homogenous field distance is (from<Faple A.1
of IEC|60664-1:2007). Our test voltage for 2 500 V peak is 2 950 V peak from Tabl i that a
minimym distance of 0,78 mm through homogenous field needs to be maintained to p se test.
This giyes us a margin of (0,18/0,6) x 100 = 3,0 %. In actual practice, the distance a true
homogenous field. Therefore, we do not need to verify compliance with Table 15. side.
5.4.26 Multiplication factors for altitudes higher thaf 2 ol
Source: IEC 60664-1:2007, curve number 2 for cas
Purpdse: Test is carried out by either impulse vo ith the vallies of
Table 17 and the multiplication factor
Rationale: Table 17 is developed using Figur ber 2
for case A using impulse test
5.4.2.p Compliance criteria
Source: IEC 60664-1:2007, 5.1.
Ratiofale: e similar/identical to figurgs in
" simulate the occurrence of mechpnical
ohentsyand parts that may be touched during opefration
v¢ accidental contact with a finger or part of the
rnal enclosures and barriers that are accessible to
>imulates accidental contact of part of the hand,;
d to external enclosures of transportable equipmenft and
egqdipment. Simulates expected force applied during uge or
applied to external enclosures (except those covered in| T.4).
ates expected force applied by a body part to the surface o¢f the
pment. It is not expected that such forces will be applied to the bottom
surface of heavy equipment (> 18 kg).
[ H +h £ + + ol £ ball + H . £ + H A
IJUIIIIH IO TUTUU TUOoLlo TTTOU AT oUTTdUCT o olTdlIT TTUL UUTTTO 11TtV LuUTTiavtL vwilnt |J rtS at
hazardous voltage.
5.4.3 Creepage distances
Source: IEC 60664-1:2007, 3.3
Purpose: To prevent flashover along a surface or breakdown of the insulation.
Rationale: Preserve safeguard integrity.

In IEC 60664-1:2007, Table F.4 columns 2 and 3 for printed wiring boards are
deleted, as there is no rationale for the very small creepage distances for
printed wiring in columns 2 and 3 (the only rationale is that it is in the pilot
standard IEC 60664-1).

However, there is no rationale why the creepage distances are different for
printed wiring boards and other isolation material under the same condition
(same PD and same CTI).
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Moreover the creepage distances for printed boards in columns 2 and 3 are in
conflict with the requirements in G.13.3 (Coated printed boards). Consequently
the values for voltages up to 455 V in Table G.13 were replaced.

Creepage distances between the outer insulating surface of a connector and
conductive parts at ES3 voltage level shall comply with the requirements of
basic insulation only, if the connectors are fixed to the equipment, located
internal to the outer electrical enclosure of the equipment, and are accessible
only after removal of a sub-assembly which is required to be in place during
normal operation.

It is assumed that the occurrence of both factors, the sub-assembly being
removed, and the occurrence of a transient overvoltage have a reduced

5.4.3.

Sour
Purpdse:
Rationale:

5.4.4

Source:
Purpose:
Rationale:

tiketitroodamd—trazard poterntiat:

Test method

IEC 60664-1:2007, 3.2
Measurement of creepage distance.
To preserve safeguard integrity after mechanicaltests:

Annex O figures are similar/identical
IEC 60664-1.

Tests of Annex T simulate the occurre a
- to be touched by a

EC 60950-1| and

creepage distance.
the hand.

act with a finger or part of
barriers that are accessible to

res of transportable equipmeni and
pected force applied during uge or

enclosures (except those covered in| T.4).
hen leaning against the equipment surfacq. It is
orces will be applied to the bottom surface of heavy

IEC 60664-1:2007, Table F.4; IEC 60664-4 for frequencies above 30 kHz

Values in Table 19 are the same as in Table 2 of IEC 60664-4:2005 and are
used for frequencies up to 400 kHz.

Solid insulation

IEC 60950-1, IEC 60664-1
To prevent breakdown of the solid insulation.
To preserve safeguards integrity.

Exclusion of solvent based enamel coatings for safety insulations are based on
field experience. However, with the advent of newer insulation materials those
materials may be acceptable in the future when passing the adequate tests.

Except for printed boards (see G.13), the solid insulation shall meet the
requirements of 5.4.4.4 — 5.4.4.7 as applicable.
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5.4.4.2

Source:
Purpose:

Rationale:

Minimum distance through insulation

IEC 60950-1:2005

Minimum distance through insulation of 0,4 mm for supplementary and
reinforced insulation.

Some (very) old standards required for single insulations 2 mm dti (distance
through insulation) for reinforced insulation and 1 mm for supplementary
insulation. If this insulation served also as outer enclosure for Class Il
products, it had to be mechanically robust, which was tested with a hammer
blow of 0,5 Nm.

The wire standards did not distinguish between grades of insulation, and

recired n /1 faavael 'Fr\r D\/p :nsu!at:cn mater:a! Thl(‘ value WaS r\r\nol ered

regTTroT

adequate to protect against electric shock when touching their iontifyjt was
broken. This concept was also introduced in VDE 0860 d into
IEC 60065), where the 0,4 mm value was discussed fj ‘ - s this
value was first only accepted for inaccessible insulations.
The VDE standard for telecom equipment (VDE ‘ g i e any
thickness requirements, but the insulation » r the
application.
The standard VDE 0730 for household ith > electric motors
i b mm
between input and output windings ¢f a i i ed by
former colleagues from IBM and Siemeps/(agains iti eople
from the transformer com /
Also VDE 0110 (Insulation\Coordination i 50664
series) contained a mini i i 8 upply
voltage, to cover the effe
hce to
2A of
ifimum
g from
and
apply
. Insulation is subjected to thermal cycling (see 5.4.1.5.3),
hun |d|t test (see 5.4.8) and electric strength test (see 5.4.9). Insulatjon is
inspéeted for cracks and voids.
5444~  Solid insulation in semiconductor devices

Source:
Purpose:

Rationale:

5.4.4.5

Source:

Rationale:

IEC 60950-1, UL 1577
No minimum thickness requirements for the solid insulation.

- [type testing of 5.4.9.1 (electric strength testing at 160 % of the normal value
after thermal cycling and humidity conditioning), and routine electric strength
test of 5.4.9.2] has been used since many years, especially in North America.

- refers to G.12, which references IEC 60747-5-5.

Insulating compound forming cemented joints

IEC 60950-1

a) The distances along the path comply with PD 2 requirements irrespective of
the joint;

b) applies if protected to generate PD 1 environment;
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5.4.4.6.1

Source:
Ratio

5.4.4.6.2

Sourdle:

Ratiopale:

5.4.4.6.3

Sourdle:

Ratiopalg:
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c) applies if treated like solid insulation environment, no clearances and
creepage distances apply;

d) is not applied to printed boards, when the board temperature is below 90 °C,
as the risk for board delaminating at lower temperatures is considered low.

Optocouplers are excluded from the requirements of this subclause, because
the standard requires optocouplers to comply with IEC 60747-5-5, which
sufficiently covers cemented joints.

General requirements
IEC 60950-1, IEC 61558-1:2005

material used as basic insulation,
IEC 61558-1.

Two or more layers with no minimum thickness are regired entary

or reinforced insulation, provided ternal
mechanical influences.

Each layer is qualified for the full voltage foX sup ob reinforced
insulation.

The requirements are based on extensive\testexpe sheet
material by manufacturers and test ho i 108)
work.

Separable thin sheet

IEC 60950-1

e _electric strength test of 5.4.9 for the
, test all combinations of two |ayers
5.4.9 for the applicable insdylation

on extensive tests performed on thin |sheet
Nrerssand test houses involved in IEC TC 74 (now TG 108)

testing\non-separable layers, all the layers are to have the same material

8s. If not, samples of different materials are tested as gijen in
4.4, Or separable layers. When testing non-separable layers, the pripciple
used_ is/the same as for separable layers.

When testing two separable layers, each layer is tested for the required test
voltage. Two layers get tested for two times the required test voltage as| each

layer is tested for the required test voltage. When tesiing two non-separable
layers, the total test voltage remains the same, for example, two times the
required test voltage. Therefore, two non-separable layers are tested at 200 %
of the required test voltage.

When testing three separable layers, every combination of two layers is tested
for the required test voltage. Therefore, a single layer gets tested for half the
required test voltage and three layers are tested for 150 % of the required test
voltage.
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5.4.4.6.4

Source:

Rationale:

5.4.4.6.5

Source:

Standard test procedure for non-separable thin sheet material

IEC 60950-1

Test voltage 200 % of Uy, if two layers are used.

Test voltage 150 % of Uy, if three or more layers are used.

See the rationale in 5.4.4.6.3. The procedure can be applied to both separable
and non-separable layers as long as the material and material thickness is
same for all the layers.

Mandrel test

IEC 61558-1:2005, 26.3.3; IEC 60950-1:2005/AMD __ 1:2009/AMD __ 2:2013;

Purpdse:

Rationale:

5.4.4.

Source:
Purpdse:

~

[

Ratiopale:

5.4.4.

Source:
Purpdgse:

©

[V]

Ratiopale:

IEC 60065:2014

This test procedure is taken from IEC 61558-1:200% 8. e test

Solid insulation in wound components

IEC 60950-1, IEC 61558-1

To identify constructional requiremen
insulation between windings.

5 and

Requirements have been used in igned
to IEC 61558-1.
Planar transformers aré omply
with G.13.

es at

from the data presented in Annex |C of
insulation can be performed af line

IEC .
prevent\breakdown of the insulation safeguard.
ign shall be able to withstand surges due to overvoltages present at
nna terminals. These overvoltages are caused by electrostatic charge

G , but not from lightning effects. A maximum voltage of 10kV is
assumed. The associated test of G.10.3.2 simulates this situation by uging a
10 kV test voltage discharged over a 10 nF capacitor.

5.4.6

Source:
Purpose:

Rationale:

Insulation of internal wire as a part of a supplementary safeguard

IEC 60950-1
To specify constructional requirements of accessible internal wiring

Accessible internal wiring isolated from ES3 by basic insulation only needs a
supplementary insulation. If the wiring is reliably routed away so that it will not
be subject to handling by the ordinary person, then smaller than 0,4 mm thick
supplementary insulation has been accepted in IEC 60950-1. But the insulation
still has to have a certain minimum thickness together with electric strength
withstand capability. The given values have been successfully used in products
covered by this standard for many years (see Figure 8 in this technical report).
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Area accessible to an ) )
ordinary person Insulation serving as

supplementary safeguard

__

Clearance and creepage
distances for reinforced
insulation for ES3

Area not accessible to
an ordinary person

Another ES3 part

Insulation basic
safeguard for ES3

IEC

5.4.7
Source:
Purpdse:
glevated test voltages after sample conditiohing.
packs in the insulating material and delaminating in
Rationale: IS m successfully used for products in the scope df this
5.4.8
Source: \ and |IEC 60065. Alternative according to |EC 60664-1]2007,
6:1.3.2
Purpdse: Matertal preparations for dielectric strength test. Prerequisite for further tgsting.
A tropical climate is a location where it is expected to have high temperatures
. L . : L what
levels of temperature or humidity constitute a tropical climate. National
authorities define whether their country requires products to comply with
tropical requirements. Only a few countries, such as Singapore and China,
have indicated in the CB scheme that they require such testing.
5.4.9 Electric strength test
Source: IEC 60664-1:2007
Purpose: To test the insulation to avoid breakdown.

Rationale: Values of test voltages are derived from Table F.5 of IEC 60664-1:2007,
however the test duration is 60 s.

This method has been successfully used for products in the scope of
IEC 60065 and IEC 60950-1 for many years.
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The d.c. voltage test with a test voltage equal to the peak value of the a.c.
voltage is not fully equivalent to the a.c. voltage test due to the different
withstand characteristics of solid insulation for these types of voltages.
However in case of a pure d.c. voltage stress, the d.c. voltage test is
appropriate. To address this situation the d.c. test is made with both polarities.

Table 26 — Test voltages for electric strength tests based on transient voltages

Source:

Rationale:

IEC 60664-1:2007
To deal with withstand voltages and cover transients.

The basic and supplementary insulations are to withstand a test voltage that is
equal to the transient peak voltage. The test voltage for the reinforced

insulation shall be equal to the transient in the next in the—preferred.-geries.
According to 5.1.6 of IEC 60664-1:2007 the use of 160 § 3 basic
insulation, as test value for reinforced insulation, i . ble if|other
values than the preferred series are used.
Functional insulation is not addressed, as is it presums e any
protection against electric shock
Table| 27 — Test voltages for electric strength tests baséd o
Sour IEC 60664-1:2007
Rationale: Column B covers repetitive working oIt i i tages
due to the greater stress to the ing
Recurring peak voltage 2.3) need to be considered,
when they are above th lues, or in circuits separated
from the mains.
e\ the temporary overvoltage values,
gd by the factor given in IEC 6(0664-
Insulation, or 1,65 x Up for reinforced
Tablel 28 — Test < ple ength tests based on temporary overvoltages
Source:
Rationale: IEC 60664-1:2007, 5.3.3.2.2) need to be considered
5.4.1( st transient voltages from external circuits
Source:
Purpdgse: persons against contact with external circuits subjected to trangients
Rationale; Exterral circuits are intended to connect the equipment to other equipment.
Connections to remote equipment are made via communication networks,

which-coutdteavethebultding—Examplesforsuch-communicationnetwerks are
telecommunication networks and Ethernet networks. The operating voltages of
communication networks are usually within the limits of ES1 (for example
Ethernet) or within the limits of ES2 (for example telecommunication networks).

When leaving the buildings, communication networks may be subjected to
transient overvoltages due to atmospheric discharges and faults in power
distribution systems. These transients are depending on the infrastructure of
the cables and are independent on the operating voltage of the communication
network. The expected transients on telecommunication networks are specified
in ITU-T recommendations. The transient value in Table 14 ID 1 is taken from
ITU-T K.21:2008 as 1,5 kV 10/700 pus (terminal equipment). This transient of
1,5 kV 10/700 us does not cause a hazardous electric shock, but it is very
uncomfortable to persons effecting by such a transient. To avoid secondary
hazards a separation between an external circuit connected to communication
networks subjected transients is required.
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Because the transient does not cause a hazardous electric shock the
separation element needs not to be a reinforced safeguard nor a basic
safeguard in the meaning of IEC 62368-1. It is sufficient to provide a
separation complying with an electric strength test, only. Therefore for this
separation no clearance, no creepage distances and no thickness requirements
for solid insulation are required.

The separation is required between the external circuit subjected to transients
and all parts, which may accessible to ordinary persons or instructed persons.
The likelihood a transient occurs and a body contact with an accessible part
occurs at the same time increases with the contact time. Therefore non-
conductive parts and unearthed parts of the equipment maintained in

handset, head set, palm rest surfaces) the separation s
higher test voltage.
Two test procedures for the electric strength test are sp

Impulse test

The impulse test is performing an impulse test b i i erator
for the 10/700 pus impulse (see test gen: .Rsof"Annex D). With the
recorded waveforms it could be judged iogn has

The examples in Figure 9, Figure 10, \Figure 11 and sed to
assist in judging whether, or not ge ’suppressor has operated or insylation
has broken down.

U |
2 -
} -—
1000 ps t
IEC
s{reNmpu are identical in their waveforms.

Figure 9 — Waveform on insulation without surge
suppressors and no breakdown

2RV

N -
\UOOK Tss

IEC

Consecutive impulses are not identical in their waveforms. The pulse shape changes from pulse
to pulse until a stable resistance path through the insulation is established. Breakdown can be
seen clearly on the shape of the pulse voltage oscillogram.

Figure 10 —- Waveforms on insulation during breakdown
without surge suppressors


https://iecnorm.com/api/?name=40cdb54463244b9a9062fd5f4fb82a32

IEC TR 62368-2:2015 © IEC 2015 -43 -

1kV + ’ 3

— .
\/ 5us t 1000 us ¢

IEC

1 — gas discharge type

2 — semiconductor type

3 — metal oxide type
Consecutive impulses are identical in their waveforms.

Figure 11 — Waveforms op
surge suppressors

IEC

5.4.10.2.3

teadycstate test is performing an electric strength test according to
BN\ T hjs test is a simple test with an r.m.s. voltage. But if for expample
rge suppressors are used to reduce the transients from the external c|rcuits
the equipment this r.m.s. test may by not adequate. In this cage an
impulse test is more applicable.

5.4.1 Separation between external circuits and earth

Source: IEC 62151:2000, 5.3

Purpose: To protect persons working on communication networks, and users of other
equipment connected to the network from hazards in the equipment.

Rationale: Class | equipment provides basic insulation between mains and earthed

conductive parts and requires the conductive parts to be connected to a PE
conductor, which has to be connected to the earthing terminal in the buildings
installation to be safe to use. In an isolated environment such an earth terminal
is not present in the building installation. Nevertheless the use of class |
equipment in such an isolated environment is still safe to use, because in case
of a breakdown of the insulation in the equipment (fault of basic insulation) the
second barrier is provided by the isolated environment (similar to a
supplementary insulation).
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With the connection of the equipment via an external circuit to a
communication network from outside the building installation to a remote
environment the situation will change. It is unknown whether the remote
environment is an isolated or non-isolated environment. During and after a fault
of the basic insulation in a class | equipment (from mains to conductive parts)
installed in an isolated installation (non earthed installation) the conductive
parts will become live (mains potential). If now the conductive parts are not
separated from the external circuit, the mains voltage will be transferred to the
remote installation via the communication network. This is a hazardous
situation in the remote environment and can be dangerous for persons in that
remote environment.

Also-in-old hllilding nstallations-socket outlet existswith-ho-earth-contact. This

5.5

Rationale:

situation will not be changed in the near future.
To provide a protection for such situations a separatiop

betweenan external
ide the
building (for example telecommunication networks) n the

external circuit and earthed parts is required.
4.11.2
bpage

For failure of a safeguard uard
Safeguard failure: A failure i if the
classification of the energ ¢ ‘ S parts

lation

and to go

accessib
, then it is cqnsigdered of a
2 okan latioh provided between ES2 and accepsible

5iple parts|o remain at ES1 levels, then it {s not
S o due to the failure of a component or a
ES2 \yoltage may collapse to ES1 levels then this is

ai : ilure is considered to be a non-safeguard failure if

at of the energy source does not change. For example, all
ts are cansidered ES1. If the failure of a component or a device
tion_ provided between ES3 and accessible parts causes the
remain at ES1 levels, then it is considered a non-safejguard

and Figure 14 give practical examples of the requirements |when

— Equipmentenclosure
ES2

source

Accessible connection

IEC

Figure 13 — Example for an ES2 source
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A single fault of any component or part may not result in the accessible part
exceeding ES1 levels, unless the part complies with the requirements for a
basic safeguard.

The basic safeguard in parallel with the part(s) is to comply with:
— the creepage requirements; and

— the clearance requirements

for basic insulation.

There are no other requirements for the components or parts if the accessible
part remains at ES1.

—  Equipmen M E

Part1

IEC

r part may not result in the accessiblg part
unless>the parts comply with the requirements|for a
safeguard

vafeguard in parallel with the part(s) is to comply with:

o other requirements for the components or parts if the accepgsible

5.5.2/ requirements
Source: Relevant IEC component standards
Purpose: e msufation of components as to be m_comptiance with—the Televant

insulation requirements of 5.4.1, or with the safety requirements of the relevant
IEC standard.

Rationale: Safety requirements of a relevant standard are accepted if they are adequate
for their application, for example, Y2 capacitors of IEC 60384-14.
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Source:
Rationale:
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Safeguards against capacitor discharge after disconnection of a
connector

IEC TS 61201:2007, Annex A
2 s delay time represent the typical access time after connector disconnection.

If a capacitor is discharged by a resistor (for example, a bleeder resistor), the
correct value of the resistor can be calculated using the following formula:

R=(2/C)x [111(E/Epa)] MQ

5.5.6

where:
C is in uF;
E is 60 for an ordinary person or 120 for an instructed person;

Eax is the maximum charge voltage or mains peak vol

Iy is the natural logarithm function.
NOTE 1 When the mains is disconnected, the capacitance is cog X the X cagacitors
and the Y capacitors, and other possible capacitances. The/sifcu analyzed Mo detérmiine the

NOTE 2 If the equipment rated mains voltage is 1 8 Ma alue of the didcharge
resistor is given by:

R=1,85/CMQ

NOTE 3 If the equipment rated mains
resistor is given by:

charge

R=113/CMQ

n the
btable

and
imum
o the

nt, so
bment

5 with
sistor
n parallel with a capacitor where a capacitor voltage begomes
ble upon disconnection of a connector, need not be faulted [if the
complies with 5.5.6.

Resistors

Source:
Rationale:

5.5.7

Rationale:

IEC 60950-1 and IEC 60065

When a group of resistors is used, the resistors are in series. The whole path
consists of the metal lead and helical end (metal) and resistor body. The
clearance and creepage distance is across the resistor body only. The total
path then consists of conductive metal paths and resistor bodies (all in series).
In this case, Figure 0.4 becomes relevant when you want to determine the total
clearance and creepage distance.

SPD’s

See Annex A of this Technical Report for background information on the use of
SPD’s.

It should be noted that the issue is still under discussion in TC 108. The
rationale will be adapted as soon as the discussion is finalized.
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5.5.8

Source:

5.6

Insulation between the mains and an external circuit consisting of a

coaxial cable
IEC 60065:2014, 10.2

Protective conductor

See Figure 15 in this technical report for an overview of protective earthing and

protective bonding conductors.

Protective conductor

5.6.1

Source:
Purpgse:

5.6.2.2

Source:
Purpdse:

conductor provided for the purposes of safety

/

protective earthing conductor

protective conductor
connecting a main protective
earthing terminal in the equipment
to an earth point in the building
installation for protective earthing

Example: earth conductor in the
mains cord

For c

ar identification of the earth connection.
An earthing braid is a conductive material, usually copper, made up of th

rrent-

[ee or

5.6.3

Source:
Purpose:

Rationale:

more mtertacedstrands; typicatty ima diagomatty overtappimg patter:

Requirements for protective earthing conductors

IEC 60950-1

The reinforced protective conductor has to be robust enough so that the
interruption of the protective conductor is prevented in any case (interruption is

not to be assumed).

These requirements have been successfully used for products in the scope of

this standard for many years.

1 This publication was withdrawn.
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Source:
Purpose:
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Where a conduit is used, if a cord or conductor exits the conduit and is not
protected, then the values of Table 30 cannot be used for the conductor that
exits the conduit.

For pluggable equipment type B and permanently connected equipment, an
earthing connection is always expected to be present. The earthing conductor
can therefore be considered as a reinforced safeguard.

Requirements for protective bonding conductors

IEC 60950-1

To demonstrate the fault current capability and the capability of the
termination

Ratiov|1ale:

5.6.5

5.6.5.1

Source:
Purpdse:

Rationale:

5.6.6.p2

Sourdle:

Ratiopale:

5.6.7

Source:
Purpgse:

Rationale:

These requirements and tests have been successfully used productsyfin the

scope of this standard for many years.

Terminals for protective conductors

Requirements

IEC 60998-1, IEC 60999-1, IEC 60999-2, |E

To demonstrate the fault current
termination.

Conductor terminations accordi
connection means for prequcts

The value of 25 A is chosen
all countries of the world.

capability of the
e served as rgliable

950-1 for many years.
protective current rafing in

Test method

IEC 60950
f this
ected
earth
cause
09 type plugs are more reliable and earth is always present ag it is

an electrician.

For stationary pluggable equipment type A where a skilled person verifigs the
proper connection of the earth conductor. T

5.7

Source:

5.7.4

Rationale:

Prospective touch voltage, touch current and protective conductor
current

IEC 60990

Earthed accessible conductive parts

Figure 16 in this technical report is an example of a typical test configuration
for touch current from single phase equipment on star TN or TT systems. Other
distribution systems can be found in IEC 60990.
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Point of connection

to supply
(polarity)
T p | L
|
Supply |
n | N
"—?7
(neutral fault) |
(earthing conductor fault) | PE EUT
o— L o °
T e |
L ()
B\ A
Measuring network
Figure 16 — Example of a typical touch curren
5.7.5 Protective conductor current
Source: IEC 61140:2001, IEC 60950-1
Rationpale: The 5 % value has been used in | dered
acceptable. The 5 % vdlue is alst i alfowed protective conductor
5.7.6
5.7.6(
Source:
Purpgse: creen of a coaxial network within a building.
Ratiomale: al network is reducing the risk to get an electric
erfaces very often are connected to antennps to
solnd signals. Antennas installed outside the buildings are
external atmospheric discharges (for example indirect
\J o protect the antenna system and the equipment connected to
uch antennas a path to earth needs to be provided via the screen pf the
h mains powered equipment delivers touch current to a cpaxial
ternal circuit via the stray capacitance and the capacitor (if proyided)
between mains and coaxial interface. This touch current is limited by the
requirement for each individual equipment to comply with the touch clrrent
requirements (sate value) 1o be measured according ITEC 60990. Within a
building many individual equipment (for example TV’s receivers) may be
connected to a coaxial network (for example cable distribution system). In
this case the touch current from each individual equipment sums up in the
shield of the coaxial cable. With an earthed shield of a coaxial cable the
touch current has a path back to the source and the shield_of the coaxial
cable remains safe to touch.
5.7.6.2 Prospective touch voltage and touch current to external circuits
Source: IEC 62151
Purpose: To avoid excessive prospective touch voltage touch and excessive currents

from equipment into communication networks (for example telecommunication
networks).
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Rationale:

5.7.7

Source:
Purpgse:

Ratiopale:
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All touch current measurements according to IEC 60990 measure the current
from the mains to accessible parts. ES1 circuits are permitted to be accessible
by an ordinary person and therefore it is included in the measurement
according to IEC 60990. Circuits of class ES2 are not accessible and therefore
these classes of circuits are not covered in the measurements according to
IEC 60990.

Because ES2 circuits may be accessible to instructed persons and may
become accessible during a single fault to an ordinary person, the touch
current to external circuit has to be limited, to protect people working on
networks or on other equipment, which are connected to the external circuit via
a network.

A exampte foramextermatimterface 1Dt of Table—H4—(tEC62368=120114) is
‘ Brvice
ent to
make servicing under unigcation
has a
more
ample
connection to a ns a
summation of the touch current may T :2014).
With the limitation to 0,25 mA per ¢ i i to 20
external vithout any add|tional
requirement. In 5.7.7 thijs % i ed to be the touch clurrent
from a network to the )
Summation of touch ¢
IEC 60950-1
5 are
it (as
ching
en in
ugh a
pt the
ating)
its_is™ot the same as between class | equipment and class |l equipment.
circuits can exist in class | equipment and earthed circuits in class Il
equipment. Floating circuits are commonly, but not exclusively, usgd in
telecommunication equipment and earthed circuits in data procgssing

acHbmant alca nat aveliicivaly
CooT P e o oo CXCTraSTv ety

In order to consider the worst case, it will be assumed in this annex that
telecommunication networks are floating and that the a.c. mains supply and
human bodies (skilled persons, instructed persons or ordinary persons) are
earthed. It should be noted that a skilled person and an instructed person can
touch some parts that are not accessible by an ordinary person. An "earthed"
circuit means that the circuit is either directly earthed or in some way
referenced to earth so that its potential with respect to earth is fixed.

a.1) Floating circuits

If the circuit is not earthed, the current (I.) through the human body is
"leakage" through stray or added capacitance (C) across the insulation in the
mains transformer (see Figure 17).
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+-

AC mains supply ‘ ‘ ‘ ‘ ‘ ‘ Eliicrggi?ic E

AC m

Transformer

IEC
Figure 17 — Touch current from a floating circuit
This current comes from a relatively high voltage, hig urce, and
its value is largely unaffected by the operatmg voIt ge\on th ircuit.
In this technical report, the body current (I, using
the measuring instrument in Annex D of IEC{609 ughly
simulates a human body.
a.2) Earthed circuits
If the external circuit is earthed, the c s due
to the operating voltage (V) of the cifcui Hance
compared with the body see Fi mains
transformer (see a.1), e candu will not pass through the
body.
RN % . A
ssony N N HL e
N
RN N =
b IEC
igure 48  Touch current from an earthed circuit
s standard, the body current (Z,) is limited by specifying maximum voltage
alues\ for” the accessible circuit, which shall be a SELV circuit or| (with
restricted accessibility) a TNV circuit.

telecommunlcahon appllcatlons that many equlpments may be connected to a
single central equipment in a "star" topology. An example is telephone
extensions or data terminals connected to a PABX, which may have tens or
hundreds of ports. This example is used in the following description (see
Figure 19).
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—52 —
Terminals Extension
ports
AC mains supply PABX
’ ‘KJ:
= To public
; telecommunication
AC mains Sw network (floating)
) . —_—
Interconnection Common —
circuits return point -
xchange
ort
AC majns supply
' KE
= IEC
Figure 19 — Summation of to
Each terminal equipm®& g the
interconnecting circuit (/43 PABX
their

port circuitry. If severa

es.

of a
| line

a)
S .

blated
e be
m all
uches
ire of any interconnection circuit. This current can only be limited by
oMing the values Iy, I, .. I,. In relation to the number of ports gn the
PABX. However, the value of the total current will probably be less than [; + I,
+... + I, due to harmonic and other effects.

b.3) Common return, connected to protective earth

Connect all interconnection circuits to a common return point and connect that
point to protective earth. The situation described in a.2) applies regardless of
the number of ports. Since safety depends on the presence of the earth
connection, it may be necessary to use high-integrity earthing arrangements,
depending on the maximum value of the total current that could flow.
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Clause 6

Rationale:

Electrically-caused fire

Electrically-caused fire is due to conversion of electrical energy to thermal
energy, where the thermal energy heats a fuel material to pyrolyze the solid
into a flammable gas in the presence of oxygen. The resulting mixture is
heated further to its ignition temperature which is followed by combustion of
that fuel material. The resulting combustion, if exothermic or with additional
thermal energy converted from the electrical source, can be sustained and
subsequently ignite adjacent fuel materials that result in the spread of fire.

The three block model (see 0.7.2, Figure 6 of IEC 62368-1:2014) for
electrically (internally) caused fire addresses the separation of a potential
ignition sources from combustible materials. In addition, it can also represent

6.2

Ratiopale:

6.2.2

Sourde:

Ratiopale:

an Ignited fuel and the safeguards interposed between _ignited fuel$ and
adjacent fuels or to fuels located outside the equipment.

Classification of power sources (PS) and potential ignition sources (PIS)

The first step in the application of this clause i Y elnergy
sources contain potential ignition sources reqk bower
available to each circuit can first be eva G ~ i the €nergy

available to a circuit. Then each point or 3 ithin\a circuit can be
tested to determine the power that 5 i a fault at that
component With this information ea compnent energy sdurces

' ignition source or a

¢lihood of ignition” is uged in

svbegin with the lowest available energy
re (PS1) and mclude an mtermedlate Ievel

iSolation safeguards. The highest energy| level
bothNgnition and a potential spread of fire beyond the ignition
safeguards will vary based on the type of power source that

N

asurement and source classification are similar to LP$ test
h IEC 60950-1 but are applied independently and the cfiteria
yvailable power as opposed to in combination of criteria requifred in

and devices connected or intended to be connected as a Igad to

easured power source are classified as being part of that power source.

This test method determines the maximum power available from a power
source to any circuit connected to that power source.

The identification of test points for determination of power source is at the
discretion of the manufacturer. The most obvious are outputs of internal power
supply circuits, connectors, ports and board to board connections. However,
these measurements can be made anywhere within a circuit.

When evaluating equipment (peripherals) connected via cables to an
equipment port or via cable, the impedance of any connecting cable may be
taken into account in the determination of the PS classification of a connected
peripheral. Therefore, it is acceptable to make the measurement at the supply
connector or after the cable on the accessory side.

The location of the wattmeter is critical, as the total power available from the
power source (not the power available to the fault) is measured during each
fault condition. As some fault currents may be limited by a protective device,
the time and current breaking characteristics of the protective device used is
considered where it has an effect on the value measured.
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This test method assumes a single fault in either the power source or the load

circuits of the circuit being classified. It assumes both:
a) a fault within the circuit being classified, and

b) any fault within the power source supplying power to the circuit
classified,

each condition a) or b) being applied independently.

being

The higher of the power measured is considered the PS circuit classification

value.
6.2.2.2 Power measurement for worst-case fault
Ratio bower
source that is operating under normal operating conditions\to any-gircuit
connected to that power source, assuming any single fagui, conditief withlin the
circuit being classified. This power measurement assu rating
conditions are established before applying the sm avice or
insulation in the load circuit to determine the
circuit during a fault.
This is different for potential ignition source e the
measured power available is that at the faulttacatie
A value of 125 % was chosen to hav gree of certainty that the fuse
will open after a certain amount of time e asured situatign will
impQssible to use the interryption
t of /interrupting devices| have
ristfics|] The value of 125 %| is a
he’situations
6.2.23 r source fault
Rationale: This test maxmum power available to a norma] load
from a S Wi single fault within the power source. A
power gowce > i"an increase in power drawn by a normal
op
6.2.2. P
Sour IEC
Rationale: ohsidered to have too little energy to cause ignitjon in
and components.
is that the continuous available power be less than 15

measurement. Values as short as 100 ms and as high as 5 s were also
considered. Quickly establishing a 15 W limit (less than 1 s) is not practical
for test purposes and not considered important for typical fuel ignition. It is

recognized that it normally takes as long as 10 s for thermoplastics to

ignite

when impinged directly by a small flame (IEC 60695 small scale material

testing methods).

— In principle the measurements are to be made periodically (for example,
each second) throughout the 3 s period with the expectation that after 3 s,

the power would “never” exceed 15 W.
— Historically telecommunication circuits (Table 14 of IEC 62368-1:2014,

ID 1)

are power limited by the building network to values less than 15 W and the

circuits connected to them are considered PS1 (from IEC 60950-1).
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6.2.2.5

Source:

Rationale:

6.2.2.6

Ratiopalg:

6.2.3

PS2

IEC 60695-11-10, IEC 60950-1

Power Source 2 assumes a level of energy that has the possibility of ignition
and subsequently requires a safeguard. Propagation of the ignition beyond the
initially ignited component is limited by the low energy contribution to the fault
and subsequently by safeguards to control the ignition resistance of nearby
fuels.

The primary requirement is to limit power available to these circuits to no more
than 100 W. This value includes both power available for normal operation and
the power available for any smgle fault condition.

|gn|t|on of mternal components is possible but ﬂre enclosures ‘are not
required.

es to
ining

ndard
small

es) is
o the
d for
its that
d for

PS2
have
to be

Classification of potential ignition sources

Rationale:

6.2.3.1

Source:

With each power source, points and components within a circuit can be
evaluated to determine if potential ignition sources are further identified. These
ignition sources are classified as either an arcing PIS for arcing sources or a
resistive PIS for resistance heating sources. Criteria for safeguards will vary
based on the type of PIS being addressed.

Ignition sources are classified on their ability to either arc or dissipate
excessive heat (resistive). It is important to distinguish the type of ignition
source as distances through air from arcing parts vs. other resistive ignition
sources vary due to a higher thermal loss in radiated energy as compared to
conducted flame or resistive heat impinging directly on a combustible fuel
material.

Arcing PIS
IEC 60065
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Arcing PIS are considered to represent a thermal energy source that results
from the conversion of electrical energy to an arc, which may impinge directly
or indirectly on a fuel material.

Power levels below 15 W (PS1) are considered to be too low to initiate an
electrical fire in electronic circuits. This value is used in IEC 60065 (see also
6.2.1).

The minimum voltage (50 V) required to initiate arcing is also from IEC 60065
and through experimentation.

For low-voltages, the fault that causes arc-heating is generally a result of a
loose connection such as a broken solder connection, a cold-solder
connection, a weakened connector contact, an improperly crimped wire, an

6.2.3.2

Sourdle:
Rationalg”:

insufficiently tightened screw connection, etc. As air does not breakdown pelow
300 V r.m.s. (Paschen’s Law), most low voltage arc-heafing oOecurshin’|direct

raw
r.m.s.

rrent-
ntially

three

ikely,
dition

come
note

over-
y impedance in a low-resistance that does not otherwise cause an
t protection to operate. This can happen in any circuit whefe the
o the resistive heating source is greater than 15 W (see above). A
resistive PIS may ignite a part due to excessive power dissipation or |ignite
adjacent materials and components.

Under single fault conditions, this clause requires ihat two condiions exist
before determining that a part can be a resistive PIS. The first is that there is
sufficient available fault energy to the component. The second is that ignition of
the part or adjacent materials can occur.

The requirement for a resistive PIS under normal operating conditions is not
the available power but rather the power dissipation of the part under normal
conditions.

The value of 30 s was used in IEC 60065 and has historically proven to be
sufficient. The value of 100 W was used in IEC 60065 and has historically
proven to be adequate.
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6.3

Rationale:

Safeguards against fire under normal operating conditions and abnormal
operating conditions

The basic safeguard under normal operating conditions and abnormal
operating conditions is to reduce the likelihood of ignition by limiting
temperature of fuels. This can be done by assuring that any available electrical
energy conversion to thermal energy does not raise the temperature of any part
beyond its ignition temperature.

SAFEGUARDS

Power

52) Sets maximum continuous
fault current. Sets maximum
duration for curents
exceeding overcurrent rating.

Overcurrent

res oé or energy
deflector or enclosure

§5) No fuel or flame
retardant fuel

#yHigh thermal resistance
or energy deflector or
enclosure

58) Fire enclosure

IEC

several basic safeguards and supplementary safeguards against
-aused fire under abnormal operatlng condltlons and smgle fault
Mhese

S1)  having insufficient power to raise a fuel material to ignition temperature;

ration
for fault currents exceeding the maximum continuous fault current (for example,
a fuse or similar automatic-disconnecting overcurrent device);

S3) selecting component rating based on fault conditions rather than normal
operating conditions (prevents the component from overheating);

S4)  ensuring high thermal resistance of the thermal energy transfer path from the
thermal energy source to the fuel material (reduces the temperature and the
rate of energy transfer to the fuel material so that the fuel material cannot
attain ignition temperature); or a barrier made of non-combustible material;

S5) using an initial fuel material located closest to an arcing PIS or resistive PIS
having a temperature rating exceeding the temperature of the source (prevents
fuel ignition); or a flame-retardant fuel material (prevents sustained fuel
burning and spread of fire within the equipment); or a non-combustible material
(for example, metal or ceramic);

S6) ensuring high thermal resistance of the thermal energy transfer path from the
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initial fuel to more fuel material; or flame isolation of the burning initial fuel from
more fuel material (prevents spread of fire within the equipment);

S7) ensuring that subsequent material is either non-combustible material (for
example, metal or ceramic); or is a flame-retardant material (prevents
sustained fuel burning and spread of fire within the equipment);

S8) use of a fire-containing enclosure (contains the fire within the equipment) or an
oxygen-regulating enclosure (quenches a fire by suffocating it);

S9) use of reliable electrical connections;

S10) use of non-reversible components and battery connections;

S11) use of mechanical protection (for example, barriers, mesh or the like) with
lmitad - onaninac:

b LR A
S12) use of clear operating instructions, instructional safeguard

Methods of protection

A) Protection under normal operating nprmal
operating conditions
Materials and components shall not exceed i signition\temperatures.

technic

prethod may be applied

"under abnormal opefrating
ill ignite;
application of components, Wiring,

relative thermal indices (RTI) were not
do not relate specifically to ignition properties

A safeguard during normal operation (when |eft in
Circuit

ing conditions that do not result in a single fault are
ch the same way as normal operating conditions as the

il report for a fire clause flow chart.
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Table 8 — Examples of application of various safeguards

Cause

Prevention/protection methods

Safeguard

Start of fire under normal operating
conditions

Limit temperature of combustible material

Basic

Start of fire under abnormal operating
conditions and single fault conditions

Select prevent ignition or control fire
spread method

Supplementary

interposed between any combustible
material and each potential ignition sou/r\c%

PS1 circuit Low available power reduces the likelihood| S1
of ignition

PS2 or PS3 circuit Reduce the likelihood of ignition S1, S2, S3, S5
Ilse of r\rnfnr‘finn devices S2
Sufficient distance or solid barrier 4 (S

A

PB2 circuit Limit the available power
Sufficient distance or solid barrie
interposed between any ¢ i
material and each potential
Use flame-retardanf/or non-c
material (7 S5
PB3 circuit Usp.all PS2 gftions\and; Q
= ontaiRing-eNclosures S8
- flame-Petardet or similaf materials | S7
Internal and external wiring i S9
Fire caused by entry offoreig obj‘ect revent entry of foreign objects S11
amd subsequent bridgipg
tgrminals in PS2sjrcuits and P
cifcuits
Miains supply cohé \/\ eliaple construction S9
)-nit of wire temperature and use of fire
esistant insulation
Fire or exglosio e toxabnerma Limit charge/discharge currents S1
operating cenditionsyf.batteri . .
Limit short-circuit currents S2
\ Prevent use of wrong polarity S10

S
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Normal operating condition and abnormal operating
condition, 6.3

'

Single fault condition, 6.4

:

Within the equipment:
Recognize any number of circuits or parts of circuits, which can be dealt
with separately and where available power may be limited.
Such circuits may be identified with numbers N=1,2,3...

.

Control fire spread ignition

6.4.5
Use of specified flame 6.4.3
retardant on- Single fault condition
combustibgn:%tgriar ¢ testing
6.4.7
Separation from PIS

A

6.4.6
use fire enclosure

Last circuit ? > N=N+1

L

Wiring, 6.5, Clause G.7

|

Figure 21 — Fire clause flow chart

IEC
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6.3.1

Source:

Rationale:

Requirements

IEC 60950-1, ISO 871

Spontaneous-ignition temperature as measured by ISO 871 for materials was
chosen as the ignition point of fuels. The materials specific tables were deleted
in favour of a simple requirement or completely referring instead to the ASTM
standard for material auto-ignition temperatures.

The 300 °C value for thermoplastics is approximately 10 % less than the lowest
ignition temperature of materials commonly used in ICT and CE equipment.
This value has also been used in IEC 60950-1. The designer is permitted to
use material data sheets for materials that exceed this value but the auto-
ignition specification has to be reduced by 10 % to accommodate measurement

variations and uncertainty.
In the context of fire, abnormal operating conditions (blog ed veris,connector

overload, etc. are to be considered just as a normal o jon ynless
the abnormal operating condition results in a single fau i
As part of the compliance check first the datashe a ed have
to be checked to be able to evaluate the résults c S rature rise
measurements.

Table 9 — Basic safeguards against fire under no conditions

and abnormal operating’conditio

N
Normal operating conditions and abnormal opﬂfﬁi\co%/z{iti s \>

The objective of this subclause is to define requitements tQ red the ikelihogd of ignition under normal opgrating
conditipns and abnormal operating conditions.

Ignition is no aIIoN

temperature according to ISO 841; or

i for components and other parts outside fire enclosufes
i losures, mechanical enclosures and decorative parts),
ility classification of at least:

HS1
e thinnest significant thickness of this material is < 3 mm, or
HS2 i thinnest significant thickness of this material is > 3 mm, or
NOXE Where an enclosure also serves as a fire enclosure, the requiremgnts for
HS3 ire enclosures apply.
These requirements do not apply to:
—  parts with a size of less than 1 750 mm3;
— supplies, consumable materials, media and recording materials;
— parts that are required to have particular properties in order to perform
intended functions, such as synthetic rubber rollers and ink tubes;
— gears, cams, belts, bearings and other parts that would contribute negligible
fuel to a fire, including labels, mounting feet, key caps, knobs and the |ike.
6.3.2 Compliance criteria
Rationale: Steady state for temperature measurements in excess of 300 °C requires more

tolerance on the rise value due to the difficulty in achieving a stable reading.
However the value in B.1.6 was considered adequate, as these values typically
do not continue to rise but rather cycle. The value of 3 °C over a 15 min period
was also considered for measurement of these very high temperatures but was
not used in favour of harmonization with other clauses.

The use of temperature-limiting safeguards under normal operating conditions
and abnormal operating conditions is considered acceptable only where the
safeguard or device has been deemed a reliable temperature control device.
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6.4

6.4.1

Source:

Rationale:
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Safeguards against fire under single fault conditions

General

IEC 60065, IEC 60950-1

The consideration in the prior clause is to limit the likelihood of ignition of fuels
during normal and abnormal operation with a basic safeguard. All fuels should
be used below their ignition temperatures and separated from arcing parts.

The requirements in this clause are to limit the ignition or the spread of fire
under single fault conditions by employing supplementary safeguards, see
Table 10 in this technical report. There are two approaches that can be used

of saféeguards

— method 1 minimizes the possibility of ignition through thé use
applied at each potential point of ignition;

— method 2 assumes the ignition of limited fuel ithi product and
therefore requires safeguards that limit the spread o \To]) initial

Single fault co/nd‘i‘tio{ \ \\/

same equipment (6.4.1)

There are two methods of providing protection. Elthe< ?71 mWo different circuits jof the

Method 1 Equipment is j t under |n Ie fault conditions no part shallfignite.

Control fire sprea

Reduce the used fokany cicuit in which the available steady stdte
likelihood of W.
ignition ests are detailed in 6.4.2 and 6.4.3
i i u\pﬁémentary safeguards for components, wiring,
i easures that reduce the spread of fire and
Method 2 of a second supplementary safeguard such|as a

k@product designer will select a method to apply to each
i re ignition method or control the spread of fire method).

of\a method can be done for a complete product, a parf of a

ower\evel of 4 000 W was chosen to ensure that products whigh are

d_to low power mains (less than 240 V x 16 A), common in the |office

place ox the home, could use the ignition protection methods, and to proyide a
reasenable and practical separation of product types. It is recognized thE this

is not representative of fault currents available but is a convenienf and
representative separation based on equipment connected to normal office and

home mains circuits where experience with potential ignition sources
safeguards is more common.

Limit values below 4 000 W create a problem for the a.c. mains of almost all
equipment used in the home or office, which is not the intent. It would be much
more practical to use an energy source power of 4 000 W based on mains
voltage and overcurrent device rating which would effectively permit all
pluggable type A equipment to use either method, and restrict very high power
energy sources to use only the method to control fire spread.

The 4 000 W value can be tested for individual circuits, however a note has
been added to clarify which types of products are considered below without
test. Calculation of the product of the mains nominal voltage and mains
overcurrent device rating is not a normal engineering convention but rather the
product of two numbers should not exceed 4 000 (see text below).
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NOTE All pluggable equipment type A are considered to be below the steady state value of
4 000 W. Pluggable equipment type B and permanently connected equipment are considered to
be below this steady state value if the product of nominal mains voltage and the current rating of
the installation overcurrent protective device is less than 4 000.

Prevent ignition method: Prescribes safeguard requirements that would prevent
ignition and is predominantly based on fault testing and component selection
and designs that reduce the likelihood of sustained flaming. Where a PIS is
identified, additional safeguards are required to use barriers and the fire cone
‘keep out’ areas for non-flame rated materials (see Table 11 and Figure 22 in
this technical report).

The prevent ignition method has been used in IEC 60065 where the

nrnrinmmnnf nrnrhmf connection is to low power ( 16 A\ mains—circuits. The

use of this method was not considered adequate enoug C mains
circuits because the size of the fire cone does not adegq address|large
ignition sources common in higher power circuits.

This approach limits the use of prevent ignition qducts
where the ignition sources is characterized by t A ingle fault
conditions described in 6.4.7.

Table 11 — Method 1: Reduce the Ilkel

Methd

PS1

IN

PS2

(>PS1and

No suppl
b W after 3 s and 6.4.2 A PS1 idls
4500 W <3s) reaching
The objective ef thi i i ards
needed i igniti i itiops in
P eed

Sus&}\lz%«lg\ﬁ/s is not allowed

Separati Mrcmg PIS and resistive PIS according to 6.4.7

ances have to comply with Figures 37, 38, 39 and 40; or

se the distance between a PIS and combustible material is Ig¢ss
n specified in figures 37, 38, 39 and 40;

> Mass of combustible material < 4 g, or
— Shielded from the PIS by a fire barrier, or

o AO
ARG

— Flammability requirements:

e V-1 class material; VTM-1 class material or HF-1 class material, or
needle flame in Clause S.2, or

PS3
e Relevant component IEC standard
(%‘PS2 and
Using protective devices that comply with G.3- 1, G.3.2; G.3.9 and G.3.4 or
<4000W) the relevant IEC component standards for such devices;

Using components that comply with G.5.3, G.5.4 or the relevant IEC
component standard;

Components associated with the mains shall comply with:
the relevant IEC component standards; and

the requirements of other clauses of IEC 62368-1
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Control fire spread method: Prescribes safeguards that are related to the
spread of fire from acknowledged ignition sources. This assumes very little
performance testing (no single fault conditions) and the safeguards are
designed to minimize the spread of flame both within the product and beyond
the fire enclosure. The safeguards described are based on power level, with
higher power sources requiring more substantial safeguards (see Figure 23,
Figure 24 and Table 12 in this technical report).

This power (4 000 W) separation is also used in the control of fire spread
method to delineate safeguard criteria for fire enclosure materials (V-1 versus
5 V). IEC 60950-1 has historically used weight to define fire enclosure criteria
and it was felt that the use of available power was more appropriate and
generatty Teffective of curremt practice:

@%

R
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6.4.2

Rationale:

6.4.3

Ratio

6.4.3.R

Sourdle:

Ratiompale:

Reduction of the likelihood of ignition under single fault conditions in PS1
circuits

Low available power prevents ignition — 15 W is recognized as the lower limit
of ignition for electronic products. The limiting of power is not considered the
basic safeguard but rather the characteristic of the circuit being considered.
This determination is made as part of the classification of power sources.

Reduction of the likelihood of ignition under single fault conditions in PS2
circuits and PS3 circuits

in the
PS2 and PS3 circuits should be evaluated for their propensity—ta_ignite
The ignition source derived from either PS2 or a PS considered
equivalent. The resulting flame size and burn time is PSZ and
PS3 circuits unless the power available is very large((fo ef than
4 000 W)
For very large sources (greater than 4 000 WX the ibed for
addressing potential ignition sources are i i quate
and the control fire spread method is used b).
small
ime is
it the characteristic “spark” or
itions
ed by
idered
-1B8 and
TC /89 for glow wire ignition times. The time
nodate the expected flash/short duration flames
gnce of faults. The value of 10 s is considefed to
ded for ignition of commonly used thermoplast|cs by
W/ It is recognized that times as short as 2 s are| used

achieved by identifying each PIS and then limiting the

vapours
should include a 10 % margin to take into account ambient, laboratory and
equipment operating conditions). The spread to surrounding parts during and
after the fault is also checked.

Providing sufficient distance or solid barrier between any combustible material
and a potential ignition source should minimize the potential for the spread of
fire beyond the fuels directly in contact with the potential ignition source. The
fire cone distances developed for IEC 60065 are used and considered
adequate. We prescribed the use of the cone because it is more reliable than
single fault testing. Single fault testing is not representative, therefore some
material and construction requirements are necessary (fuel control area or
keep out area).

Use of reliable protection devices — This includes reliability requirements for
the devices that are used to prevent ignition. This permits only the use of
devices that have reliability requirements included in Annex G.
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Components that comply with their relevant IEC component standards are also
considered to comply given these standards also have ignition protection
requirements. The components included are those that are almost always part
of a potential ignition source as they are mains connected.

Opening of a conductor: In general, opening of a conductor is not permitted
during single fault conditions as it is not considered reliable protection device
for limiting ignition. However for resistive PIS, it may be suitable provided the
printed wiring board is adequately flame retardant and the opening does not
create an arcing PIS. The V-1 printed circuit board is considered adequate to
qguench low voltage events and will not propagate the flame. It is not sufficient
when the opening creates an arcing PIS (< 50 V).

6.4.3.B

Sourdle:
Rationpale:

AS g ConsSequence of the test,any peeting of conductor during these testy shall
not result in or create other hazards associated withy” thexmovemgnt of
conductive traces during or after the test provided they do soxpredidtably.
During a single fault the peeling could bridge a basic safeguardybut’should not
result in the failure of a supplementary or reinforced §afe

Test method

IEC 60065, IEC 60127

The available power and the classificati esistive and arcing
potential ignition sources should be dsed to hich components to
fault.

If the applied single faulixconditjg vice or subsequent| fault,
< \ repeating the singlg fault
condition two more i . This is a method| used

historically in IEC 60065

Steady state determ onditions is related to tempefature
rise and thg i i as the steady state requirements of
‘ igaitton temperatures (> 300 °C) are |much

tures of other clauses (~25 °C to 100 °C). Shorter

i ere considered but dropped in favqur of

Phe term steady state should take into adcount

ature for surrounding material of heat source should
ad. if\furthep temperature increase is observed after interruptjon of

e reliability of protection devices is ensured where th¢y act

atures and component failures. The criteria used by the

ompenent standard applying to each are considered adequate providgd the
ed as intended. The requirements included assume an IEC $0127
fype fuse as the most common device.

The tgst methodology is established to ensure that available energy thfough

the fuse link based on its current hold and interrupt conditions the brgaking
time characteristics of specified in IEC 60127 |EC 60427 permits 2 1 timeés the

breaking current rating for 1 min.

In order to determine the impact of a fuse on the results of a single fault
condition, if a fuse operates, it is replaced with a short circuit and the test
repeated. There are three possible conditions when comparing the actual fault
current through the fuse to the pre-arcing current and time data sheets
provided by the fuse manufacturer.

a) Where the measured current is always below the fuse manufacturer's pre-
arcing characteristics (measured current is less than 2,1 times the fuse
rating), the fuse cannot be relied upon as a safeguard and the test is
continued with the fuse short circuited until steady state where the maximum
temperature is measured.
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6.4.4

b) Where the measured current quickly exceeds the fuse pre-arcing

characteristics (measured current is well above 2,1 times the rating current
of the fuse) then the test is repeated with the open circuit in place of the
fuse (assumes fuse will open quickly and be an open circuit) and then the
maximum temperature recorded.

Where the measured current does not initially exceed the fuse pre-arcing
characteristics, but does at some time after introduction of the fault. The test
is repeated with the short circuit in place and the temperature measured at
the time where measured current exceeds the fuse pre-arcing
characteristics. It is assumed the measured current through the short circuit
can be graphed and compared with the fuse manufacturer’s pre-arcing

Ratiompale:

Control of fire spread in PS1 circuits

Low available power reduces the likelihood for ignitio
the lower limit of ignition for electronic circuits.
considered as a circuit characteristic of the circujt;

curv/es pr’r\\/ir{nri onthe fuse datasheet to determine the test time

ied as
imit is

Table 12 — Method 2: Control fNead

d 2: Control fire spread \ \/

Methd
PS1 No supplementary safegiards ar r protection against PS1.
(<13 W after 3 s 6.4.4 A PS1 is fot eonsi tecon ergy to result in materials
<5pO0W < 3 s) reaching ignition_t r
to describe the supplementary
thelikelihood of fire spread from a PIS in
hustible materials
ilable to PS2 circuits is the basic safeguard uged

to energy of an ignition source.

nentarysafeguard is required to control the spread of fire from
< . ble RIS 16 other parts of the equipment
tofs and devices with a PIS the following apply:
e Printéd boards shall be at least V-1 class material
(£ 10D W after 5-s)

%
&S

ere insulation shall comply with IEC 60332 series or
IEC 60695-11-21

Devices subject to arcing or changing contact resistance (for example
pluggable connectors) shall comply with one of the following

]

— Materials V-1 class material; or
— Comply with IEC component standard flammability requirements; o

— Mounted on V-1 class material and volume < 1 750 mm?3

Battery cells and battery packs shall comply with Annex M.
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Method 2: Control fire spread

All other components:
— Mounted on V-1 class material, or

— Materials V-2 class material, VTM-2 class material, or HF-2 class
material, or

— Mass of combustible material < 4 g, provided that when the part is
ignited the fire does not spread to another part, or

Separated from PIS according to 6.4.7,
Distances have to comply with Figures 37; 38; 39 and 40, or

In case distances do not comply with Figures 37; 38;

— Mass of combustible material < 4 g, or

— Shielded from the PIS by a fire barrier, or

— Comply with IEC component
comply with G.5.3 and G.5.4

Uired\to have particular properties in order to
nctionsy’such as synthetic rubber rollers and in

The objeclive of this subclause is to describe the supplementary safeguards needed to
reduce the likelihocd of fire spread from a PIS in PS3 circuits to nearby combustible
materials.

Fire spread in PS3 circuit shall be controlled by;

— the use of a fire enclosure as specified in 6.4.8. and

— applying all requirements for PS2 circuits as specified in 6.4.5
Exemptions:

— Wire and tubing insulation complying with IEC 60332 series or
IEC 60695-11-21

PS3 Components, including connectors complying with 6.4.8.2.2 and that
> PS2) fill an opening in a fire enclosure
>

Plugs and connectors forming a part of a power supply cord or
complying with 6.5, G.4.1 and G.7

Transiormers compiying witih G.5.3
Motors complying with G.5.4
6.4.6

For PS2
or a PS3 .
cirouit See all requirements for PS2 (6.4.5)
within a
fire en-
closure
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6.4.5

Sourdle:
Ratiompale:

6.4.5.

Sourdle:
Ratio

Method 2: Control fire spread

Control of fire spread in PS2 circuits

IEC 60950-1
In principle, limiting the”availapbfe\ pod rcuits

that ignition of componen
of the ignition source and
circuits.

and protection of wiring and wiring
— Mounting on a flame retardant material to limit fire growth. V-1 mounting

Combustible materials:

Needle flame test in Clause S.1 or V-2 class material or VTM-2 class
material or HF-2 class material

Exemptions:

— Parts with a size less than 1 750 mm

6.4.6 ) . . . .
— Supplies, consumable materials, media and recording materials

FPoSr1a — Parts that are required to have particular properties in order to

perform intended functions such as synthetic rubber rollers and ink

circuit A
wupes

within a
fire Gears, cams, belts, bearings and other small parts that would
enclosure contribute negligible fuel to a fire, including, labe's, mounting feet,
key caps, knobs and the like

Tubing for air or any fluid systems, containers for powders or liquids
and foamed plastic parts, provided that they are of HB75 class
material if the thinnest significant thickness ¢f the material is < 3 mm,
or HB40 class material if the thinnest significant thickness of the
material is > 3 mm, or HBF class foamed material

Liming
B size
e PS2

s that
5, it is
These
component material flammability characteristics
ource from spreading to surrounding internal

Y construction safeguards in a manner consistent with

Requirements around conductors and devices subject to arcing part$ and

ots—regtiremer Te gnition
boards.

materials are considered important as they limit fuel to reduce sustained
flaming and also would not contribute to large fires or pool fire. The spread
of fire from ignited small parts can be managed by the larger printed wiring
board. This provision is made to allow the use of a longstanding
IEC 60950-1 provision for small devices mounted directly on boards. The
value 1 750 mm3 has been used in practice in IEC 60065.

Use of flame retardant wiring is identical to the internal and external wiring
requirements of Clause 6.

Accepting existing component requirements for devices that have their own
requirements (IEC or annexes of this standard) are considered adequate.
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— Sufficient distance or solid flame resistant barrier between any combustible
material and potential ignition sources. (KEEP OUT ZONES or
RESTRICTED AREA).

All other components (those that are not directly associated with arcing or
resistive heating components) have a reduced set of safeguards when
compared to those parts more likely to ignite. Those safeguards include any of
the following:

— For parts not directly subject to arcing or resistive heating, V-2 ratings are
considered adequate. This is also a historical requirement of IEC 60950-1
for parts used in limited power circuits. Sustained ignition of V-2 materials is
similar to that of V-1 materials in the small scale testing. The use of VTM-2

6.4.5.p

Ratiompale:

6.4.6

Sourdcle:

Ratiompale:

Oor rir-=

— Limiting the combustible fuel mass within the area (arouhd Circuit
devices. The limit of 4 g is brought from the small parts initi 1 with
PIS requirements of this clause and which i bd in
IEC 60065.

— As an alternative, components and circuits cg Is per
the requirements of the fire cone describe from

— Enclosing parts in small oxygen limitiac rauUs D6 m2

value has been in practice in IEC te fire
growth from a low power source.
| that
dants
rough

\/as paper, ink, toner, staples etc|, and
nt and replaced by the user |when

itements are checked by the testing of Annex|S, by
oyonent standard or through review of materia| data

two basic requirements to control the spread of fire from PS3

a) use/of materials within the fire enclosure that limit fire spread. This ingludes
the same requirements as for components in PS2 circuits and inclugdes a
requirement from |[EC 60950-1 to address all combustible materials thht are

Rationale:

found within the fire enclosure;

b) use fire-containing enclosures — Product enclosures will have a design
capable of preventing the spread of fire from PS3 circuits. The criteria for
fire enclosures is based on the available power.

PS3 sourced circuits may contain a significant amount of energy. During single
fault conditions, the available power may overwhelm the safeguard of material
control of fuels adjacent to the fault or any consequential ignition source
making a fire enclosure necessary as part of the supplementary safeguard. A
fire enclosure and the material controls constitute the necessary
supplementary safeguard required for a PS3 circuit.
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Use adequate materials, typically permitting material pre-selection of non-
combustible or flame resistant materials for printed wiring and components in
or near PS3. Only fuels that would contribute significant fuel to a fire are
considered. This implies compliance with all the requirements for PS2 circuits
and in addition, application of a fire containing enclosure.

Material flammability requirements for all materials inside a fire enclosure are
included in this clause. This model has been used historically in IEC 60950-1
to control the amount and type of fuel that may become engaged in a
significant fire. Because there is no single fault testing when applying this
method, a significant ignition source may engage other fuels located inside the
fire enclosure. PS3 circuits, particularly higher power PS3 circuits can create

sianificant intarnal firas if adiacent combustible matarials not d rect|y
J T 7

6.4.7

Rationale:

6.4.7.pR

Source:
Ratiompale:

associated with a circuit, become involved in an internal Theselfifes, if

unmitigated can overwhelm the fire enclosures permijte his~stanpdard.
Control of material flammability of fuels located within # exshould be
sufficient based on historical experience with IEC 609

The exceptions provided in this clause for smal c aterial,
etc. that are inside of a fire enclosure, mechs ¢ S that dannot

have flame retardant properties are exemp iaV flammpbility

Components filling openings in a gre also V- are
considered adequate, as it is impr lose these depices.

These constructions are commonly- E products.
Wiring already has requifements i a’s art of this clause.

e_identified through classification and single
lhe ignition source by distance (material
ers~are used to limit the spread of fire from the
ary to ensure the ignition is not sustained.

or materials within the fire cone includes material size control
ohibition on co-location of flammable parts). Otherwide the
e PIS shall be flammability class V-1, which limits susfained

(less than 4 g) are considered too small to significantly propagate a
value is also used for components used in PS2 and PS3 circyits. It
has béen used in IEC 60065 with good experience.

Where these distances are not maintained, a needle flame test optlon is

included with b0 s needle flame application based on previous requirements in
IEC 60065. This alternative to these distance requirements (the needle flame
test) can be performed on the barrier to ensure that any additional holes
resulting from the test flame are still compliant (openings that will limit the
spread of fire through the barrier).

Redundant connections: An arcing PIS cannot exist where there are redundant
or reliable connections as these connections are considered not to break or
separate (thereby resulting in an arc).
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Redundant connections are any kind of two or more connections in parallel,
where in the event of the failure of one connection, the remaining connections
are still capable of handling the full power. Arcing is not considered to exist
where the connections are redundant or otherwise deemed not likely to change
contact resistance over time or through use. Some examples are given, but
proof of reliable connections is left to the manufacturer and there is no specific
criteria that can be given:

— Tubular rivets or eyelets that are additionally soldered — this assumes that
the riveting maintains adequate contact resistance and the soldering is done
to create a separate conductive path.

— Flexible terminals, such as flexible wiring or crimped device leads that

TerTove Tectanicat stress (due—toteatimg—oruse)from—the—sotdey joint
between the lead and the printed wiring trace.

— Machine or tool made crimp or wire wrap conngCH brmed

machines have two solder baths but they are 0 id ithout
an subjected to

of the
such

o be
ignition
were
ch an

ed in
sional
s are
fficult

ignition
art of
bf the

IEC

Figure 26 — Fire cone application to large component


https://iecnorm.com/api/?name=40cdb54463244b9a9062fd5f4fb82a32

IEC TR 62368-2:2015 © IEC 2015 -77 -

The fire cone is placed at each corner. The locus of the outside lines
connecting each fire cone at both the top and the base defines the restricted
volume.

Figure 37 — Minimum separation requirements from an arcing PIS

This drawing of a flame cone and its dimensions represents the one dimension
point ignition source drawn in two dimensions. The three dimension envelope
(inverted ice cream cone) of a flame from a potential ignition source. This PIS
is represented as a point source in the drawing for clarity, however these PIS’s
are more often three dimensional components that include conductors and the

Figurp 38 — Extended separation requirements from a PIS

Figurp 39 — Rotated separation requirements due to forced a

6.4.7.p

Sourcle:

Ratiompale:

Figurp 40 — Deflected separation requirements from a PIS when a fire barrier is used

<l H l +
UTVILT PdURAYITy.

A two dimensional representation of an ignition sg ovide

more clarity.

This figure demonstrates the change of fire
forced air flow such as a product with a fan:
shape and movement of a potential
value of 45° was selected as adeq

he presenceg of a
ompensate fpr the
e forced airflow. The

O\NiS considered necessary as thge fuel
dlways in direct contact. V-1 has

y support arcing PIS and as such, dannot
a_potential that small openings or holes may
¢ to cross through the board.

as abarrier for an arcing PIS, provided the PIS |is not

d wiring boards can be used provided they are of V-1 or

use S.1. Any V-1 and less flammable fuels are requifed to
5sibility flammable material falling onto the supporting slirface
ombustible fuels (resulting in pool fires). Should a P|S be

or PS3 circuits near the PIS, as this could create faults que to

IS heating that was not otherwise considered.

This figurp demonstrates the Phangp an the fire cone when there is la fire

6.4.8

Rationale:

barrier used to separate combustible material from a potential ignition source.
This drawing was retained as an example application for only two angles.
Recognizing that many examples are possible, only two are kept for practical
reasons. History with multiple drawings of barriers in varying angles could be
difficult to resolve. The fire team decided to keep only two drawings with an
angle barrier as representative.

Fire enclosures and fire barriers

The safeguard function of the fire enclosure and the fire barrier is to impede
the spread of fire through the enclosure or barrier (see Table 13 in this
technical report).
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Table 13 - Fire barrier and fire enclosure flammability requirements

Flammability requirements

Fire barrier requirements
6.4.8.2.1 Non-combustible material or

Needle flame test Clause S.1 or > V-1 class material or VTM-1 class material

Separation of a PIS to a fire barrier

. . - Distance > 13 mm to an arcing PIS and
Fire bagrier

- Distance > 5 mm to a resistive PIS

6.4.8.4 Smaller distances are allowed provided that the pdax of the firg
complies with one of the following:

- Needle flame Clause S.2; After the test ng holes 8.3.3
and 6.4.8.3.4 allowed or

- > V-0 class material

Fire enclosure materials:

- Non-combustible, or

- ForPS3 <4000 trial
For QS’N 000°W, n erial

ed to

Fire enkclosure

maller distances are allowed, provided that the part of the fire enclodure
mplies with one of the following:

- Needle flame Clause S.2; After the test no holes bigger than in 6.4/8.3.3
and 6.4.8.3.4 allowed; or

- > V-0 class material

6.4.8.2°t— Requirements for a fire barrier
Source: IEC 60065, IEC 60950-1

Rationale: Barriers used to separate PIS from flammable fuels reduce the ability of a
resulting PIS flame from impinging on flammable materials. This can be
achieved by using flame retardant materials that pass the performance test in
Clause S.1 or the pre-selection criteria of a minimum V-1 flame class.

The test in Clause S.1 is based on the needle flame test which is currently an
option for enclosure testing in both IEC 60950-1 and IEC 60065.
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6.4.8.2.2

Source:
Rationale:

Requirements for a fire enclosure

IEC 60065, IEC 60950-1

The flammability classification of V-1 was chosen as the minimum value based
on its historical adequacy, and recent testing done during the development of
the requirements for externally caused fire.

IEC 60950-1 — Prior requirements for 5 V materials based on product weight
lacked sufficient rationale. This has been improved and related to power
available to a fault in this standard.

IEC 60065 — V-2 material performance during large scale test reviewed by the
fire team indicated inconsistencies in performance over a range of different V-2

6.4.8.2.3

Rationale:

6.4.8.8

Rationpale:

6.4.8.8.1

Rationales

oroote

detrimental to fire enclosure performance and therefore ng G ess it
passes the end-product testing.

In addition to pre-selection requirements, an end-prod

pst) is
for >
tly an

pread
(V-1 ersus
enclosure cfiteria
appyopriate and generally

power

=st, and construction (pre-seldction)
ity, compliance of the material is chpcked

for\barriers and fire enclosure should limit the spread of
isting opening. A fire enclosure limits the spread of fire
ipmend and is permitted to have holes (within established

equirements are intended to reduce the spread of an interngl fuel

enings are restricted based on the location of each potential ignition source
using the flame cones or in the case of control fire spread, above al] PS3
circuits.

6.4.8.3.2

Rationale:

6.4.8.3.3

Source:

Rationale:

Fire barrier dimensions
Edges can be more easily ignited than a solid surface. Barrier dimensions shall
also be sufficient to prevent ignition of the barrier edges.

Barriers made of non-combustible materials have edges that extend beyond
the limits of the fire cone associated with each potential ignition source. If the
barrier edge does not extend beyond the cone, then it is assumed the edges
may ignite.

Top openings and top opening properties

IEC 60065

Top opening drawings are restricted in the areas of likely flame propagation to
the side and above an ignition source.
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Top openings are also considered to cover what has historically been called
side opening where the opening is above the horizontal plane containing the
ignition source.

The top/side openings that are subject to controls are only those within the fire
cone drawing (Figure 37) plus a tolerance of 2 mm, as shown in Figure 41. The
application of the fire cone dimensions have been used in IEC 60065 and
proven historically adequate.

Control of openings above the flame cone is also not necessary given that the
heat transfer (convection) will follow the gases moving through those openings
and is not sufficient to ignite adjacent materials. If the openings are directly
blocked, the convection path will be blocked which would restrict any heat
tramsfertoamobject btockimgtheopeming:
Openings to the side of the fire cone dimensions were reviewed\and ultimately

i openings to
idered
e and

ferred
bmply
apply

cable
bf the
bf the

been
jases
gssing
bsting
ening

6.4.8.3.4

Source:

Ratiopales ne of
rotect
2. The

b and

provew historically adequate.

There are several optrons for openrng compliance (see Table14 im this

today The performance test based on the hot flaming oil test, in use for
IEC 60950-1, have other opening options and are developed based on lower
viscosity materials (when burning). They are more commonly found in ICT (that
provide additional options.

Clause S.3 (hot flaming oil test) is the base performance option and provides a
test option (hot flaming oil test) that historically has been adequate for tests of
bottom openings.

The values and tables in items b), ¢) and Table 34 come directly from
IEC 60950-1 where they have been historically adequate and have
demonstrated compliance with the S.3 performance testing. Table 34 values
were developed through extensive hot flaming oil testing and have been
demonstrated adequate. It is recognized that the potential flammable materials
that could be liquid are far less viscous than oils used in the development of
Table 34.
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The work done to validate top openings was also considered adequate for
bottom openings under materials of any properties (3 mm and 1 mm slots).
This requirement is less onerous than those found in IEC 60950-1 which
permitted NO openings unless they complied with the other options (S.2, mesh,
metal screens).

Openings under V-1 materials (or those that comply with Clause S.1) are
controlled in the same manner as done in IEC 60950-1 which was considered
adequate however an additional option to use 2 mm slots of unlimited length is
also considered adequate.

The 6 mm maximum dimension relates to a maximum square opening
dimension of 36 mm2 and a round opening of 29 mmZ2. In IEC 60950-1 the

[

Table 14 — Summary — Fire enclosure and fi/re/b‘aT»i\

requireTTETt Was 40 which retatestoa mmaximuTT 7T diameterifround
or 6,3 mm maximum if not round.

The only option where flammable liquids are used is to Me ggquirements
of the hot flaming oil test (Clause S.3).

An option for equipment that is installed in special envirgn 4 non-
combustible flooring is used (environmental safgg itevthe| need

for an equipment bottom safeguard. This is_c ice i C 60950-1

\/F/ire enclosure

Parameters Fireba rw A
\ynput 4000 W ‘ Input > 4 000 W

Separation from
PIS

from\{ci:_gjs
resisfive PIS

may apply

uffisient\to preyent .
W th?»\}ges Not applicable

Diw
[N
a) Wor a) Test S.1; or a) Test S.5] or
ammabjlit by V-9, or b) V-1 b) 5 VA; or
\\} VTM-1 c) 5VB

Acceptable

AN
%p\a\p in See 6.4.8.2.3

Wpenings See 6.4.8.2.4

6.4.8.8.5

Integrity of the fire enclosure

Source:
Rationale:

6.4.8.3.6

Rationale:

IEC 60950-1

The clause ensures that a fire enclosure where required, is assured to remain
in place and with the product through either an equipment or behavioural
safeguard. This requirement is a service condition safeguard for ordinary
persons to ensure that a fire enclosure (if required) is replaced prior to placing
the equipment back into use. This safeguard is also required in IEC 60950-1.

Compliance criteria

In each case, there is a performance test, and construction (pre-selection)
criteria given.
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6.4.8.4

Source:

Rationale:

6.5.2

Sourcle:

Rationpale:

-82 - IEC TR 62368-2:2015 © IEC 2015

Separation of a PIS from a fire enclosure and a fire barrier

IEC 60065, IEC 60950-1

Non-metallic fire enclosures and fire barriers may not be sufficient to limit the
spread of fire where an enclosure is close or in direct contact with a potential
ignition source.

The 13 mm and 5 mm distances were used in IEC 60065 to prevent an ignition
source from transferring sufficient energy to adjacent flame retardant V-1
barriers. These distances are intended to reduce the likelihood of melting or
burn-through of the barrier of fire enclosure.

Where these distances are not malntamed a needle flame test option is

a) no additional opening,
b) no enlargement of existing holes,

Due to test repeatability, the criteria of a)<are g eadily
reproduced.

The option to use V-0 or 5V materia
reqwrements is based on historical pr

ickness
950-1

The material thickness requireryients e\ igmiti in |close

proximity to a barrier ; 8 and
current practice for | S ere is fire test data (barrier
testing from IEC 60065) indicah igk (or greater) V-0 barriers and

5 VA barriers have sufficient flampe\resistance to minimize a risk of creating
openmgs when used in\dire onta ith PIS’s. Good HWI or HAI tests are
interpa onIIydre s Yhe distance from ignition sourges to

\Jhe

firexteam has chosen to use the needle [flame

opodsals have now been included for all wiring (external

IEC 60332-1-2 for large wires and IEC 60332-2-2 for[small
histgrically proven adequate for mains wiring. These standards

efments of IEC TS 60695-11-21 are also considered adequate|given
flame spread reqwrements for vertical testing are more oneroug than

The compliance criteria are based on application of the above test methods.
These are caonsistent with international wiring standards National standards

6.5.3

Source:

Rationale:

may have more onerous requirements.

Requirements for interconnection to building wiring

IEC 60950-1:2005

Externally interconnected circuits that are intended for connection to
unprotected building wiring equipment can receive sufficient power from the
product to cause ignition and spread of fire with the building wall, ceiling, or
remotely interconnected equipment. These requirements limit the power
available to connectors/circuits intended for interconnection to specific types of
wiring where the product is responsible for protection of that wiring.

Where a circuit is intended for connection to equipment that is directly adjacent
to the equipment, 6.6 of IEC 62368-1:2014 prescribes the appropriate
safeguards and limits associated for PS2 and PS3 sources.
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6.6

Sourd|
Rationpale:

Clau

T |
onale:

Rati

Telecommunication wiring is designed based on the expected power from the
network. The requirements of IEC 60950-1 were considered adequate and
were included. Wiring in this application should be equivalent to 0,4 mm
diameter wiring (26 AWG) and have a default 1,3 A current limit established.
This value has been used in IEC 60950-1 for the smaller telecommunication
wiring.

For some building wiring, the PS2 and PS3 safeguards are not considered
adequate in some countries for connection to building wiring where that wiring
is run outside of the conduit or other fire protective enclosures. The
requirements for this clause come directly from requirements in IEC 60950-
1:2005, 2.5 for circuits identified as limited power circuits. These requirements

have—proven—to-be historicallv—adeguatefor connection—of 1T eguibment to
g Y < N Rl o

e

building wiring in these jurisdictions.

The values used and protection requirements included\j and
included in Clause Q.1 came from the building and ing this
protection.

These requirements do not apply to conpectors/ciclits j for
interconnection of peripheral equipment used adjacent\g i

This requirement is also important for/ the nt in
environments subject to electrical code 2%, NatiqnaP Fire Protection
Association NFPA 70, which permit th e of a

fire containment device.

ry for

=3

ire hazards due to the connection of
equipment to unknown power source

pe power sources should be identified. This is a

gd devices are known (device requirement$ are
e)qpproptiate power source), this requirement for safeguprd is

ajority of chemical injuries arise from inhalation or ingestion of chegmical
in the form of vapours, gases, dusts, fumes and mists, or by skin
contact with these agents (see Table 15 in this technical report). The degree
of risk of handling a given substance depends on the magnitude and dufation
Of exposure. These injuries may be either acute or chronic.

Many resins and polymers are relatively inert and non-toxic under normal

conditions of use, but when heated or machined, they may decompose to

produce toxic by-products.

Toxicity is the capacity of a material to produce injury or harm when the

chemical has reached a sufficient concentration at a certain site in the body.

Potentially hazardous chemicals in the equipment are either:

— as received in consumable items, such as printer cartridges, toners, paper,
cleaning fluids, batteries;

— produced under normal operating conditions as a by-product of the normal
function of the device (for example, dust from paper handling systems,

ozone from printing and photocopying operations, and condensate from air
conditioning/de-humidifier systems); or

— produced under abnormal operating conditions or as a result of a fault.
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It is essential to:

— determine what substances are present in relative amounts in the equipment
or could be generated under normal operating conditions; and

— minimize the likelihood of injury to a person due to interaction with these
substances.

NOTE In addition to their potential toxicity, loss of containment of chemical materials can cause
or contribute to failure of safeguards against fire, electric shock, or personal injury due to
spillages.

The number of different chemical materials that may be used in the wide

Energy source:

The energy source for most chemically-caused inj
of a material to chemically react with human tis
The exception would be inert materials that ¢a

ability
irectly.
enting
¢ ccessary for life.
An example of this would be types of dust, W with lung tjssue,
but prevent air from reaching the bfood . actions may bg very
energetic and damaging, such as acids i an be very slow| such

Transfer can only occur 3 9 makes contact with Human
tissue are through the skin [gr any
gsal lining] (absorption), through the
o \

outer membrane such &
digestive tract (digesti

e lungs (inhalation). The route [taken
ysicdl form of the chemical: solid, liquid, or gas.

either\acute or chronic. Acute injuries are injuriegd with
dquences (for example, a strong acid in the lungs)

and result in irritation or headache. Chronic irfjuries
efm consequences and can be as serious as |acute
consequences of long term exposure to clganing

he difference is the quantity and lethality of the| toxic

esult in a headache. Many chemical compounds essential to |ife in
mall ‘quantities (for example, zinc, potassium and nickel) can be lethal in
amounts. The human body has different degrees of tolerange for
differént hazardous chemical substances. Exposure limits may be controlled by
government bodies for many chemical substances. Where the use of

PSRRI -C W N-Y ] o

hazardous—cherieal—substances—ir—eguipmenteannot-be—aveided—safeguards
shall be provided to reduce the likelihood of exceeding the exposure limits.

The different types of chemical hazards are identified in Table 15 below and in
a flowchart (Figure 27 in this technical report) demonstrating the hierarchy of
hazard management.
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Table 15 — Control of chemical hazards

Transfer mechanism Prevention / safeguards

Hierarchy of hazard management:

1. Eliminate the chemical hazard by avoiding the use of
the chemical.

Ingestion, inhalation, 2. Reduce the cherr_1ica| hazard by substitution of a less
skin contact, or other hazardous chemical.
exposure to potentially 3.

Minimize the exposure potential of the chemical by
containment, ventilation and/or reduced quantities of
the chemicals.

hazardous chemicals

4. Use of personal protective equipment (PPE).

5. Provide use information and instructional/sq eguard

Hierarchy of hazard management:

Exposure t_0 excessive 1. Where possible, minimize the use of\funstions th
concentrations of ozone produce ozone.

during equipment
operation 2. Provide adequate room ventilaton.

3. Provide filtration to remoie oz

Explosion caused by
chemical reaction during
use
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Review relevant specifications
Review anticipated operating parameters
Review relevant fault conditions
Review national regulations

Are

hazardous

Acceptable < NO substances in or
N produced by the

10
cqurpmentT

Eliminate hazardous substances
— or eliminate the hazardous
substance producing process

Can
concentration of
'i' e hazardous substance

be maintained or controlled
below maximum quantity
allowed by
regulation?

Can PPE be used to
control exposure to hazardous
substances to a concentration
below the maximum quantity
allowed by regulation?

. Y

nd operating
the use of PPE _YES

A

IEC

Figure 27 — Flowchart demonstrating the hierarchy of hazard management
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Chemical hazards may also degrade or destroy the safeguards provided for
other hazards such as fire and electric shock (for example, ozone attack on
electrical insulation or corrosion of metallic parts). Chemical spillages or loss of
containment can also lead to other hazards such as electric shock or fire
depending on the location of any spillage and proximity to electric circuits. The
same methods used for chemical health exposure control should also protect
against such liquid spillages.

Using a hazard based engineering approach, Figure 28 in this technical report
shows the main types of chemical health hazards and their transfer
mechanisms

Energy source Transfer mechanism

Injury

Clause 8
8.1

Ratiompale:

8.2

Purpgse:

8.2.1

(chemical) (to human) o u&)
| Acid / alkali Absorption cu s
L Heavy metal Ingestion Chroni
L Reactive organic Inhalation

Reactive inorganic

Persistent inert [EC

nical injury

Wy such as cuts, bruises, broken bones, etc., mjay be
etween the body and accessible parts of the equipment,

\\ differeptiate between mechanical energy source levels for normal
sanditians, abnormal conditions and single fault conditions applicable tol each
type~qfperson.

General classification

Table 35 -

Classification for various categories of mechanical energy sources

Line 3 — Moving fan blades

Rationale:

The acceptance criteria is based upon any number of factors such as location,
but the key factor for judging acceptance is based upon the K factor, the
relationship between mass (m) in kg, radius (r) in mm and speed (N) in rpm.
This relationship can be used to find the K factor for the fan. Fans with a low K
factor and low speeds are considered safer. See Figure 43 and Figure 44 of
IEC 62368-1:2014 for MS1 values. An MS2 fan requires an instructional
safeguard in addition to the limitation on the K factor value and the speed of
the fan. The need for the relevant safeguard is based on the classification of
fans. The K factor formula is taken from the UL standard for fans, UL 507
(which is based on a University of Waterloo study of fan motors).
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As plastic fan blades are regarded less hazardous than metal fan blades,
different values are used to determine separation between energy class 2 and
class 3.

Typical parameters for fans used in products covered by this standard are as
follows:

fan mass (m) = about 25 g or 0,025 kg;
fan diameter (r) = 33 mm;

fan speed (N) = 6 000 rpm (maximum speed when the system is hottest,
slower if the system is cool).

Line 4 — Loosening, exploding or imploding parts

Ratio

Line
Ratiompale:

Ratiompale:

tating
— Equipment mass
The values chosen align with some commonly used ver, it
is noticed that these are not completely reflecting re good
hazard based approach. TC 108 plans to work op S A e.
Line I — Wall/ceiling mount

The values chosen align with some common S L . ver, it
is noticed that these are not completely acti and not a very| good

8.2.2

Ratiompale:

8.2.3

Ratiompale:

8.2.4

Ratiopale:

8.3
Purpo

Ratiopalet

jlues in the future.

MS1
MS2
Contact wit ¢’ painful, but no injury necessitating
professiong 3, for example, a small cut, abrasjon or
bruise t medical attentipn. A

ance.

n and

erson

An instructional safeguard describing hazard avoidance may be employed to
circumvent the equipment safeguard permitting access to MS2 part locatipns to

peTformT —am ordimary persomn_service functiom. 1 e instroctiomat—safeguard
indicates that the equipment safeguard be restored after the service activity
and before power is reconnected. When an instructional safeguard is allowed,
a warning is also required to identify insidious hazards.

For an instructed person and a skilled person, an instructional safeguard, in the
form of a warning marking, is necessary to supplement the instruction they
have received to remind them of the location of hazards that are not obvious.

However, for a skilled person, an equipment safeguard is required in the
service area of large equipment with more than one level 3 energy sources,
where the skilled person can insert their entire head, arm, leg or complete
body. This safeguard is intended to protect the skilled person against
unintentional contact with any other level 3 energy source due to an involuntary
startle reaction to an event in the equipment while servicing intended parts.
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8.4
Ratio

8.5

Ratiompale:

8.5.1

Ratiompale:

8.5.411

Rationale:

The involuntary reaction may occur for a number of reasons, such as an

unexpected loud noise, an arc flash or receipt of a shock, causing the person

one of the level 3 energy source may require servicing at some

to recoil away from the energy source or part being serviced. Where more than

time,

removable equipment safeguards shall be designed such that any level 3
sources not being serviced can remain guarded. The equipment safeguards for

this purpose only need to protect against larger body contact, since the

potential involuntary recoil reaction will likely be full limb or body and not small

body parts.

Safeguards against parts with sharp edges and corners

ce as
MS1, MS2 or MS3 and an appropriate safeguard shall b ided.,WHere a
MS2 or MS3 cannot be fully guarded without interfering intended
function of the equipment, it shall be guarded as muygh cti ch an
energy source shall not be accessible to children afd i adult.
Instructional safeguards shall be provided to wam ential
contact with the energy source and what step tional
contact.
We rely on engineering judgment as there 2 i ed to
define the type of edge or corner comb i irection
of contact or to provide specific valueg
Safeguards against mow
Enclosures and barriers 3. See
8.5.1 for the exception larded

because of their functio

it to enter an opening smaller than the test fing

ccess
ettery that may be worn, hair and clothing etc.
sing the appropriate tool from Annex V, apd no
~MVe note that while it may be technically popgsible

er, in

therjewellery strands would have to be very thin and flpxible
uld a few strands of hair). As such while some paih may

appen to be caught in the mechanical device, it is dg

emed
ould occur as described by this standard. The residual risk

Additiehal requirements for this type of equipment are found in IEC 609%0-23.

This clause provides the changes necessary to have this standard rg

place

IEC 60950-1. The IEC 60950-23 standard may be changed to the hazard based

format in a future edition.
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Equipment having an electromechanical device for destruction of media

UL/CSA 60950-1 second edition [national difference]

Recent large scale introduction of media shredders in to the home environment
resulted in an increase of children being injured when inserting their fingers
through the shredder openings. These incidents were studied and a new probe
was developed to assess potential access by children. The new probe/wedge
has been designed for both application with force when inserted into the
shredder openings and assessment of access to MS3 moving parts by a
population consisting of both adults and children. This design differs from the
existing UL and IEC accessibility probes since the UL Articulated Accessibility
Probe is not intended to be used with a force applied to it, and the current IEC

8.6

Source:
Purpgse:

Ratiompale:

probes, while having an unjointed version for application ynder force;, do not
adequately represent the population for both adults and chifdren:

than
ication
ciated

r, the
ed  in
95th

¢ iculated
ensions of the new proposed

snsideration of all data points.
for the UL Articulated Accesgibility

eight,
to be

MS2.
all or

nding,
either MS2 or MS3 if mounted to the wall or ceiling. Also seeg| carts
nds, and wall or ceiling mounted equipment.

Children are naturally attracted to moving images and may attempt to toych or
hold the image by pulling or climbing up on to the equipment. The tests agssess

8.6.2.2

Rationale:

potn the sStallC sStabDIty and mounting grip wnen placed On a Slippery surface
such as glass. Children might also misuse controls that are readily available to
them.

Static stability test

Equipment is assessed for stability during expected use by applying force
horizontally and downward on surfaces that could be used as a step or have
other objects placed upon it.

The value of 1,5 m was chosen as the maximum height where an average
person could lean on or against the product.

The 1,5 m is also used for table top equipment, since we do not know whether
the product is going to be placed on a table or, if so, what the height of the
table will be.
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8.6.2.3

Rationale:

8.6.3

Source:

Rationale:

Downwards force test

The height of 1 m represents the maximum height one could expect that people
could try to use as a step to reach something.

Relocation stability test

IEC 60950-1 and IEC 60065

The 10° tilt test simulates potential horizontal forces applied to the equipment
either accidentally or when attempting to move the equipment. In addition it
simulates moving the equipment up a ramp during transport.

The test on the horizontal support may be necessary (for example, for

8.6.4

Source:
Purpgse:

Ratiompale:

8.6.5

Purpgse:

Ratiompale:

equipment proviaed with simall Teetl, Casters or the liKe).

Glass slide test
IEC 60065:2014

unted

f age
may result in the child climbing
age. The equipment could thien tip
ith accessible controls or that are

from

itional 5° over static stability test) provides an

ed by

Equipment intended to be mounted to a wall or ceiling should be tested to
ensure/adequacy for all possible mounting options and all possible failure
modes. For typical equipment, such as flat panel televisions, mounting bpsses
are usually integrated into the equipment and used with an appropriate wall or

Celling mounting bracket to attach to a wall or celling. Typlcal mounting bosses
are comprised of threaded inserts into the rear panel of the equipment.

The appropriate load is divided by the number of mounting means (for
example, mounting bosses) to determine the force applied to each individual
mounting means.

The horizontal force values of 50 N and 60 s have been successfully used for
products in the scope of these standards for many years.
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Test methods

Figure 29 gives a graphical view of the different tests required by Test 2 and
show the directions that the forces are applied.

Tablel 37 — Torque to be applied to

Sourcle:

Ratiompale:

8.8

Sourcle:

Ratiompale:

N

IEC

Figure 29 — Direction of forces(to

IEC 60065
y used for products in the scope of

sdipment that is specifically designed to carfy the
p around. A grip which is made for easy remopyal or
ably in an equipment is not considered to be a hapdle.
e[ into

eleration forces and additional stresses that could be applied

eight on top of the equipment when being lifted. The safety factor

t the higher weight (MS3) because the equipment would be lifted|more

zing the acceleration force, and there is less probability that| extra

elgh wollld be added before lifting, as this would exceed the normal weight to
by one person without assistance of a tool. Equipment classed ag MS1
ore than one handle could be used to support additional objects|when
being carried and should be tested.

8.8.2

Rationale:

8.9

Purpose:
Source:
Purpose:

Test method and compliance criteria

There is no test for MS1 with only one handle. Having 2 handles facilitates
transporting the equipment while carrying additional objects adding stress to
the handles.

Wheels or casters attachment requirements

To verify that wheels or casters are securely fixed to the equipment.
UL 1667

For wheel size, reduce the likelihood of the equipment on the cart or stand
tipping while being moved from room to room where the wheels may encounter
a variety of obstacles, such as: friction of different surfaces (for example,
transition from a hard surface over carpet edging), cables, and doorway sills.
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Rationale:

8.10

Source:

Rationale:

8.10.1

The 100 mm min wheel size was found to be adequate to enable rolling over
these obstacles without abruptly stopping that could cause the cart or stand to
tip, or the equipment located on the cart or stand to slide off.

Carts, stands, and similar carriers

UL 60065

To avoid tipping, the 20 N test simulates cart wheels being unintentionally
blocked during movement.

General

Souro'r:
Ratiompale:

8.10.2

Ratiompale:

8.10.3

Source:
Purpgse:

Ratiompale:

8.10.4

Purpgse:

Sourdle:

Ratiopale:

8.10.5

Purpgseé:

A wheel of at least 100 mm diameter can be expected b owvér|usual
obstacles such as electrical cords, door jambs etc halted
suddenly.

Marking and instructions

Various means of marking may apply dependj [ ' iating

IEC 60065

To verify that a cart o eable overloading wlithout

The 220 N force simulates\the 3 mal’child approximately 5 yepars of
age, who may attempt /to climb cart or stand. The 30 mm circular
cylinder simulates a child’s S mim height is the approximate access
height of e\ additional 440 N force test simplates

potential additiong ials oreqiipment being placed on the cart or $tand.
The additj ' been
imi re will
ithout
bment

ical stability

To verify that a cart or stand remains stable under specified loadingl The

aart oo, ] bt + foll ££f + aart

Rationale:

8.10.6

Source:

Rationale:

S-Hara-aent-natallad P 12N na O PET Y
cOoTpTrreT mrotanc U o arc-oarc ray- CoUTrmcToUSTT oUT ot ralt Ot oo oart

The weight of the force test is reduced to 13 % should the equipment on the
cart or stand move, as the equipment would then be considered separately
from the cart or stand. When the equipment does not move during the force
test, together they are considered a single unit.

Thermoplastic temperature stability

IEC 60065 and IEC 60950-1

Intended to prevent shrinkage, relaxation or warping of materials that could
expose a hazard.


https://iecnorm.com/api/?name=40cdb54463244b9a9062fd5f4fb82a32

8.11

8.11.1

Source:
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Mounting means for rack mounted equipment

General

UL/CSA 60950-1:2005

The potential hazardous energy source is a product that contains significant
mass and which is mounted on slide-rails in a rack. A joint US/Canadian Adhoc
researched and developed these requirements based on hazard based
assessment and tests.

The center of gravity was chosen to apply the downward force because in
general, when installing equment in a rack, it is foreseeable that previously

motallad acoiinmant ~Af cirailar ol mace mav bha ~ollad At et tha o

8.11.3

Purpgse:

Ratiompale:

8.11.4

Source:
Purpgse:

Ratiomale;

R
installed—eguipment—of—simitar—sizetmass—may—be—pulted—eutinte—the—sprvice

position (fully extended) and used to set the new equiprent om|while

positioning and installing the new slide/rails. In this sceng y that
the new equipment would be significantly off-ce talled
equipment that it is being set on.
Mechanical strength test
To simulate temporary placement of anothgf 3¢ isting one
during installation of the new one. So the testN
, fand a
which
to be
ce of
equipment is being used |as a

ted that 530 N is the maximum|mass
ed/by two persons without the yse of
pment\having a mass greater than 530 N will

i is therefore unlikely that the equipment
equipment previously installed in the rack.

'ntenace on the server itself, by smaller applying forces
sxpected during subassembly and card replacement, etc.
s,the laterally stability of the slide rails. It is not necesspry to
ward vertical force if |t is already tested for 8.11.3, byt that

The 250 N force is considered a force likely to be encountered during serpicing

of the equipment, and normal operations around equipment. The folce is
pnrfinlly derived from the nyicfing IEC 60950-1:2005_ 4.1 _and pnrfinll) from

research into normally encountered module plug forces seen on various
manufacturers’ equipment. The application of force at the most unfavourable
position takes into account the servicing of a fully extended piece of
equipment, leaning on or bumping into an extended piece of equipment and
other reasonably foreseen circumstances which may be encountered.
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Clause 9

9.1

Source:
Rationale:

Thermal burn injury

General

ISO 13732-1:2006 and IEC Guide 117
A General

A burn injury can occur when thermal energy is conducted to a body part to
cause damage to the epidermis. Depending on the thermal mass of the object,
duration of contact and exposure temperature, the body response can range
from perception of warmth to a burn.

The energy transfer mechanism for equipment typically covered by the

sStandard 15 via conduction of thermat energy through physicat contact yith a
body part.

The likelihood of thermal injury is a function of segvs
parameters including:

— temperature difference between the part and the b

— the thermal conductivity (or thermal resistar . hot part and
the body;

— the mass of the hot part;

— the specific heat of the part materia
— the area of contact;

— the duration of contaci,

mal gnergy

B Model for a burn inj
A skin burn injury occurs-when the gnergy impinges on the skin and faises
its temperature to a level t ca damage. The occurrence of g burn
will depend on severa p hazard based three block model
o} burn ksee Figure 30 in this technical report)

> just\the temp ature of the source, but its total thermal
émperature (relative to the skin), as well as
model also takes account of the energy transfer
nd on the thermal conductivity between the| body
s well as the area and duration of contact{ The
df a burn will depend on the amount of thermal gnergy

~ s 5

Energy transfer |
ource JI mechanism #I Body part
A p ¥

LS A

IEC

Figure 30 — Model for a burn injury

Normally, the energy transfer mechanism from the energy source to a body
part is through direct contact with the body part and sufficient contact duration
to allow transfer of thermal energy causing a burn. The higher the temperature
of the thermal source and the more efficient the transfer mechanism, the
shorter the contact time becomes before the occurrence of a burn. This is not a
linear function and it is dependent on the material, the temperature and the
efficiency of the thermal transfer. The following examples demonstrate the
impact of this non-linear relationship to short-term/high temperature and longer
term/lower temperature contact burns.

Example 1: An accessible metal heat sink at a temperature of 60 °C may have
sufficient energy to cause a burn after contact duration of about 5 s. At a
temperature of 65 °C, a burn may occur after contact duration of just 1,5 s (see
IEC Guide 117:2010, Figure A.1). As the temperature of the metal surface
increases, the contact time necessary to cause a burn decreases rapidly.
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Example 2: Consider a thermal source with low to moderate conductivity such
as a plastic enclosure. At a temperature of 48 °C, it may take up to 10 min for
the transfer of sufficient thermal energy to cause a burn. At 60 °C, a burn may
occur after contact duration of just 1 min (see IEC Guide 117:2010, Table A.1).
Although the temperature of the source has increased by just 25 %, the contact
time necessary to cause a burn threshold has decreased by 90 %.

In practice, the actual thermal energy and duration of exposure required to
cause a burn will also depend on the area of contact and condition of the skin.
For simplification of the model and based upon practice in the past, it is
assumed that the contact area will be <10 % of the body and applied to
healthy, adult skin.

NOTE 1 ime and
ccur in
butside
device

standards.

NOTE 2 The pressure of the contact between the/ths ave an

impact on the transfer of thermal energ i S eciable

impact at higher pressures. Fox typical pr 08 essure

of 20 N the effect has been_ghov iblel, bidered

ithe

classed as first degree, second degree of third

diation

and RF radiation sources are(outsi y.

burn: the reaction to an exposure where the intensity and
ut no
amage to the dermis. The normal response to this expospre is

edgree burn: the reaction to an exposure where significant dermal
necrosjs occurs. Significant dermal necrosis with 75 % destruction of the
dermis is a result of the burn. The normal response to this exposure is| open
sores that leave permanent scar tissue upon hgaling.

(Referencer ASTMC105T)
ISO 13732-1:2006, 3.5 classifies burns as follows:

Superficial partial thickness burn — In all but the most superficial burns, the
epidermis is completely destroyed but the hair follicles and sebaceous glands
as well as the sweat glands are spared.

Deep partial thickness burn: a substantial part of the dermis and all
sebaceous glands are destroyed and only the deeper parts of the hair follicles
or the sweat glands survive.

Whole thickness burn: when the full thickness of the skin has been destroyed
and there are no surviving epithelial elements.
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Although there is some overlap between the classifications in ASTM C1057
and those in IEC Guide 117, the individual classifications do not correspond
exactly with each other. Further, it should be noted that the classifications of
burns described here is not intended to correspond with the individual thermal
source classifications (TS1, TS2, and TS3) described later in this standard.

D Model for safeguards against thermal burn injury

To prevent thermally-caused injury, a safeguard is interposed between the
body part and the energy source. More than one safeguard may be used to
meet the requirements for thermal burn hazard protection.

To prevent thermally-caused injury, a safeguard is mterposed between the

—body partandthe energy Source (See Figure 3+ thistechmicat report)] More
than one safeguard may be used to meet the requireme therma burn
hazard protection.

-&N\
Figure 31 — Model for s
Safeguards overview
This section shows exafmples of ay be

applied:

a) Therm mh

The first\model, gure in this technical report, presumes contacf to a
surface by afiNQ ina person where a thermal hazard is not present. In this

cg no'safegyard\is(requixed

‘) Safeguard Body Part
not required

IEC

\ gure’32 — Model for absence of a thermal hazard

b)~Jhetmal hazard is present with a physical safequard in place

The second model, see Figure 33 in this technical report, presumes [some
contact with a surface by an ordinary person. The thermal energy soufce is
above the threshold limit value for burns (Table 38 of IEC 62368-1:2014), but
there are safeguards interposed to reduce the rate of thermal energy
transferred such that the surface temperature will not exceed the threshold limit
values for the expected contact durations. Thermal insulation is an example of
a physical safeguard.

Safeguard:
Thermal
Insulation
and/or limited
contact time

Hazardous
Thermal
Energy

Body Part

IEC

Figure 33 — Model for presence of a thermal hazard with a physical safeguard in place


https://iecnorm.com/api/?name=40cdb54463244b9a9062fd5f4fb82a32

- 98 - IEC TR 62368-2:2015 © IEC 2015

c) Thermal hazard is present with a behavioural safequard in place

The third model, see Figure 34 in this technical report, presumes the possibility
of some contact to the thermal source or part by an ordinary person. The
temperature is above the threshold limit value but the exposure time is limited
by the expected usage conditions or through instructions to the user to avoid or
limit contact to a safe exposure time. The contact time and exposure will not
exceed the threshold limit value. An additional safeguard may not be required.

Safeguard:
Thermal Usage model or
Energy instruction to Body Part

avoid or limit

k ) k contact time )
Figure 34 — Model for presence of a thermal hazard with behavjd place
9.2 Thermal energy source classifications
Rationale: Surfaces that may be touched are classifi | TS1,
TS2 or TS3 with TS1 representing the Ig S ighest.
The classification of each surface /will the type of safeguards
required
The assessment of therr i : , i in the
model for a burn inj S ‘ gpects
o the
body, thermal conductiyi imple
model for assessment | heat
bf the
for a
duration of contact are likely to be the only
ssing the risk of a burn injury.
9.2.2
Ratiopale: al epérgy source is TS1. TS1 represents a level of thermal
erally will not cause a burn injury
9.2.3
Rationale: mal energy source has sufficient energy to cause a burn injury in
oircumstances. The occurrence of a burn from a TS2 source will largely
d’on the duration of contact. Depending on the contact time, and contact
area, contact material, and other factors, a TS2 source is not likely to cayse an
injury requiring professional medical attention. Table 38 of IEC 62368-2:2014
defines the upper limits for 1SZ suriaces.
A TS2 circuit is an example of a class 2 energy source where the basic
safeguard may, in some cases, be replaced by an instructional safeguard.
Details are given in Table 38, footnote e.
9.2.4 TS3
Rationale: A TS3 thermal energy source has sufficient energy to cause a burn injury

immediately on contact with the surface. There is no table defining the limits for
a TS3 surface because any surface that is in excess of TS2 limits is considered
to be TS3. Within the specified contact time, as well as contact area, contact
material and other factors, a TS3 source may cause an injury requiring
professional medical attention. As TS3 surfaces require that maximum level of
safeguard defined in the standard. All surfaces may be treated as TS3 if not
otherwise classified.
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9.2.4

Source:

Rationale:

9.2.6

TS3

IEC Guide 117

When doing the temperature measurements, an ambient temperature is used
as described in 9.2.5 to measure the temperatures without taking into account
the maximum ambient specified by the manufacturer.

Touch temperature levels

Table 38 — Touch temperature limits for accessible parts

Source:

The limits in Table 38 are primarily derived from data in IEC Guide 117.

Rationale:

The temperature of the skin and the duration of raised terature afe the
[ , it is
bntact

skin
t are
cified

bf the

ioh and
will normally remain
constant for a given surface, the limi sressed in degrees|C for

For very long term conta ature below which a bufn will
not occur converges 3 IEC [Guide
out on portable IT Equipment| have
ace temperature will drop by befween
e body due to the cooling effect pf the
asis, and)taking account of the probability that{long-

i lated by clothing or some other form of

ith surfaces where expected continuous contact
than 1" min include joysticks, mice, mobile telephoneg, and
nobs or grips on the equipment that are likely, [under

obe touched or held for greater than 1 min are also included.

that are touched for shorter contact durations (up to 1 min), the
below which a burn will not occur is influenced by the material
e asywell as other factors. Because the contact time is shorter, there is
icient time for heat transfer to cause the cooling effect described gbove,
so it is not considered in the limits. The TS1 temperature limits in Table B8 for
contact durations up to 1 min_are taken directly from IEC Guide 11732010,

Table A.1.

Examples of surfaces with contact durations up to 1 min include handles or
grips used primarily for moving or adjusting the equipment. Also tuning dials or
other controls where contact for up to 1 min may be expected.

Contact time durations up to 10 s

Even shorter term contact may occur for surfaces such as push button/switch,
volume control; computer or telephone keys. In this case, the surfaces will not
normally be touched for a duration greater than 10 s. The TS1 temperature
limits in Table 38 for these surfaces are based on the burn threshold limits in
IEC Guide 117 for contact durations of up to 10 s.
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For surfaces that are accessible but need not be touched to operate the
equipment, contact duration of up to 1 s is assumed. For healthy adults, a
minimum reaction time of 0,5 s can be assumed. For more general
applications, the reaction time increases to 1 s according to IEC Guide
117:2010, Table 2. The TS1 temperature limits in Table 37 for these surfaces
are based on the burn threshold limits in IEC Guide 117 for contact durations
of 1 s (see IEC Guide 117:2010, Figures A.1 to A.6). More conservative values
than those in the IEC Guide 117 are chosen for metal and glass to provide
some margin against a reduced reaction time while in contact with a high
thermal energy surface of high thermal conductivity.

Examples of such parts include general enclosure surfaces, accessible print

heads—of dot-matrixprinters—or-anv-internal-surfaces—that-mav-be accessible
g Y 4

during routine maintenance. Accidental contact, with no iiterntion tot“hold or
contact the surface is also included.

For contact durations between 1s and 10 s, provides
temperature ranges over which a burn may occur ¢athe e limits.
This takes account of the uncertainty that applie ) of burn
injury over shorter periods. The texture of the §urface 3 & a fagtor in
the occurrence of a burn and this is not taken\j ' imits in IEC
Guide 117. As most surfaces in IT equipm Jessome texturing, vyalues

at the higher end of the spreads have bg

is less likely to tough the
3 is likely to be very|brief.
Guide 117 are permittel. For
is 100 °C (IEC 60065312014,
of X50 °C was chosen because 100 °C

ace N\s " unlikely due to its limited sige or
00 °C is acceptable if an instrudtional
ipment (see IEC 60950-1:2005, Tablg 4C,

ith\the surface or a subsequent burn injury is unlikely if
varethat the surface is hot. Thus, a temperature [up to
acceptable if there is an effective instructional safeguard on
indicating that the surface is hot| (see

or consistency with other parts of the standard and to reflect typical user
condjtions, the ambient conditions described in B.1.6 apply.

Assessment of safeguards should be carried out under normal opefrating
conditions of the product that will result in elevated surface temperaturesl. The

chosen operating conditions should be typical of the manufacturer’s intended
use of the product while precluding deliberate misuse or unauthorized
modifications to the product or its operating parameters by the user. For some
simple equipment, this will be straightforward. For more complex equipment,
there may be several variables to be considered including the typical usage
model. The manufacturer of the equipment should perform an assessment to
determine the appropriate configuration.

Example: Factors that may be considered in determining the test conditions for
a notebook computer:

— Mode of operation
e Variable CPU speed
e LCD brightness

— Accessories installed:
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9.3

Ratiompale:

9.4.1

e Number of disk drives
e USB devices
e External HDD

— Software installed:

Gaming applications
Duration of continuous use
Long term contact likely?

e Other specialist applications
— Battery status:

e Fully charged/ Discharged
e AC connected

Safeguards against thermal energy sources

an inj
on du

ause a TS3 surface is always likely to ca
ore the expected reaction time due to ps3
safeguard is required.

pecified in the standard, ordinary persons need
all TS2 and TS3 energy sources

T83 efiergy sources can cause severe burns after very short contact dur

TS1 represents non-hazardous energy and th 3fey A\ _issrequi

ury, it
ration

bntact
Hinary
cause
mfort

erson

limit
injury
use a
in or

to be

d can
s are

ation.
ucted

Thus, an instructional safeguard alone is not sufficient to protect an inst
person and.an nquilnmnnf annglmrd is rnnlllirnd

Skilled persons are protected by their education and experience an
capable of avoiding injury from TS3 sources. Thus, an equipment safegu

d are
ard is

not required to protect against TS3 energy sources. As a pain response may
cause an unintentional reflex action even in skilled persons, an equipment or

instructional safeguard may be required to protect against other class 3 e
sources adjacent to the TS3 energy source.

Equipment safeguard

Rationale: The function of the equipment safeguard is to limit the transfer of haza

thermal energy. An equipment safeguard may be thermal insulation or
physical barrier.

nergy

rdous
other
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Rationale:
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Instructional safeguard

2015

An instructional safeguard will inform any person of the presence of hazardous

thermal energy. Instructional safeguards may be in a text or graphical format
and may be placed on the product or in the user documentation. In determining
the format and location of the safeguard, consideration will be given to the
expected user group, the likelihood of contact and the likely nature of the injury

arising.

Clause 10 Radiation

10.1 General

Rationale: UV radiation can affect the physical properties of ther i terial
so it can have a consequential effect on compone i dy
from a range of injurious energy sources (see Table 46 | i ehhjcalxe

Table 16 — Protection against radi

s and
parts
port).

Energy source

Preventlc<l§f{\g{1aws\ \

Non-ionising radiation
rradiating persons

Limit exposure of personm \

onising radiation
rradiating persons

Limit exposure of pe(wo\rkt}(r%izyiin\

Ultraviolet (UV) radiation
rradiating parts, the
ailure of which could
esult in an injury

Limit éxposixe mate ials,s nsd\re)to radiation or require
materials\that sistapito’ BV exposure

Acoustic radiation

/\ Limit ex\%o&su‘gf\% Woustlc radiation by the use of
ards

10.2

Ratiompale:

Table

Line 2

Ratio

ale: A review of IEC 62471 shows that there are only RS1 or RS3 type €

esent
tt can
ithin a

gnetic

nergy

in this subclause for LiED’s.

10.2.4 RS3

Rationale:

urces

RS3 energy sources are those that are not otherwise classified as RS1 or RS2.

No classification testing is required as these energy sources can have
unlimited levels. If an energy source is not measured, it assumed to be RS3 for
of the standard. A skilled person uses personal protective
equipment or measures to reduce the exposure to safe limits when working

application

where RS3

may be present.
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10.3 Safeguards against laser radiation
10.3.1 Requirements
Source: IEC 60825-1 and IEC 60825-2
Rationale: Laser radiation may cause burn hazards or could start a fire. The limits for the
relevant laser classes apply. These requirements are also valid for optical
communications systems (by optical fibre or free space).
Warning labels or explanatory labels are necessary for laser classes 2, 3 and
4. The labelling is defined according to the laser power levels in IEC 60825-1
and IEC 60825-2.
Caser C1ass 3B, class 3R and ciass 4 are considered o be RS3. |
Laser diodes are checked according to IEC 60825-1:2007.
10.4 Safeguards against visible, infra-red, and ultra-viglé
Source: IEC 62471
Rationale: Excessive optical radiation may damage vision
impairment or blindness. The limits in the refé S designed to
reduce the likelihood of vision impairment due_to or) iathon sources
scribe a material that
o RS1 levels
10.5
Source: IEC 60950-1; IEC 6006
Rationale: with excessive exposure over|time.
The limits 3, selected from IEC 60950-1 and
IEC 60065 i it which is below harmful levels.
) loss
2. the
t are
bcket)
c (for
ard of

2
L, = lﬂlog{L [ p—ger
ty—H "1 py
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This can be represented graphically as given in Figure 35.

10.6.%.1

Ratiopale

m
© 85
—_ Fluctuating acquired sound
% pressure level
© 807
]
2 t1 /\ t2
[]
£ 754 \/ N
©
C
a
0 707
Equivalent continuous
sound pressure level
65 7 &

ntent,
d not

t and
T. By
also

e simulation noise” test signal, this

that 80 dB(A) is considered safe for an exposure

persons do not listen to 40 h/week to their pefsonal

In add|t'n not all music tracks are at the same level of the
. Whilst modern music tends to be at around the|same
he ava|lable music is at a lower average level. Thergfore,
CLC/ §hu 03 considered a value of 85 dB(A) to be safe fpr an
oveRwrkelming maijority of the users of personal music players.

The value of 94 dB(A) was chosen to align with current practice in EN §0332.
In addition, some equipment may already start clipping at 100 dB(A). The|value

Annex B

B.1.6

Source:
Purpose:

Rationale:

bl PRI | ) [P 2N "
USTU UUCS TIUL ITTITTUCTICE S TTSUITL UT UNT TTITAdSUTCITICTTL

Normal operating condition tests, abnormal operating condition tests and
single fault condition tests

Temperature measurement conditions

IEC 60950-1

To determine whether the steady state temperature of a part or material does
or does not exceed the temperature limit for that part or material.

Steady state is considered to exist if the temperature rise does not exceed
3Kin 30 min. If the measured temperature is less than the required
temperature limit minus 10 %, steady state is considered to exist if the
temperature rise does not exceed 1 K in 5 min.
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Temperature rise follows an exponential curve and asymptotically approaches
thermal equilibrium. The rate of temperature rise can be plotted as a function of
time and used to guess the value at steady state. The actual steady state value
needs to be accurate only to the extent to prove whether the value will exceed
the limit or not.

Steady-state conditions of typical electronic devices have many different
temperatures, so thermal equilibrium does not exist.

B.2-B.3-B.4 Operating modes

See Figure 36 in this technical report for an overview of operating modes.

B.4.4

Ratiopale.

/ Abnormal Operating Conditions

" /

Normal Operating Condition (assumed to be a temp oraf

+ equipment safeguards should
bein place and effective

+ the basic safeguard parameters
not exceeded (e.g. < max.
temperature)

Single fault condition (inclu
+ the supplementary safeguard par
+ foreseeable misuse is consiclele

Suppleme ary r nf ed eguards must be
ect e thr oulalhof the/above conditions.

verview of operating modes

IEC

its Vimits of its class under normal and abnormal operation conditions
ault conditions of a component not serving as a safeguarq (see
2.1.1and 5.2.1.2). Otherwise a basic insulation/safeguard would be reqtired.

If the“functional insulation possesses a certain quality (clearance, cre¢page
distances, electric strength) comparable to a basic safeguard, it is acceptable

to-omit-cshaort circeuit
tO—-OH oot Cirourts

B.4.8

Source:

This cannot be compared to the short-circuiting of a basic safeguard as
required in B.4.1, because this basic safeguard is a required one, while the
added quality of the functional insulation is not required.

If the short-circuiting of this functional insulation with added quality would lead
to a changing of the class, the functional insulation was wrongly chosen and a
basic safeguard would have been required.

Compliance criteria during and after single fault conditions

IEC 60065
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Annex D

Source:
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During single fault conditions, short term power is delivered in components
which might be outside the specifications for that component. As a result, the
component might interrupt. During the interruption, sometimes a small flame
escapes for a short period of time. The current practice in IEC 60065 allows
these short term flames for a maximum period of 10 s. This method has been
successfully used for products in the scope of this standard for many years.

Test generators
ITU-T Recommendation K.44

Ratiorhale:

Annekx E

Sourcle:
Ratiopale

The circuit 1 surge in Table D.1 is typical of voltages indu

ed_into telephone

wires and coaxial cables in long outdoor cable runs due tp ikes to
their earthing shield.

ntning
strikes to power lines or power line faults.

wiring

Figure D.3 provides a circuit diagram for_higk 20 YK ‘ 2 high

Test conditions for eq
IEC 60065:2014

The proposed limits for fouchwoltages s that
may be contacted by ers@% from
IEC 600652014, /9.T4.2_a 1 of

: imits.

ively larger than the accepted limits of Table 5
idered dangerous for the following reasons:

the load disconnected (worst case load);

ast{Narea of connectors and wiring is very difficult dque to
s. The area of contact is considered small due tp the

pecommended to the user, in the instruction manual prqvided
pment, that all connections be made with the equipment fin the
. In this case we could consider the user as an instfucted

addition to being on, the equipment would have to be playing [some
program at a high output with the load disconnected to achieve the
proposed limits. Although possible, it is highly unlikely. Historically, no

| £ ol | o adaa £ | H H o H d
NTTUWIT ULAdoCTo Ul IIIJUIy nmave UTTIT TOULUTUTU TUT GIIIPIIIIGIO wWitlnh a TTUTT=U Ippe

output less than 71 V r.m.s.

— the National Electrical Code (USA) permits accessible terminals with a
maximum output voltage of 120 V r.m.s.

It seems that the current normal condition specified in IEC 60065 is appropriate
and a load of 1/8 of the non-clipped output power should be applied to the
multichannel by adjusting the individual channels.
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Annex F

F.3

Source:

F.3.3.2

Equipment markings, instructions, and instructional safeguards

Equipment markings

EC Directives such as 98/37/EC Machinery Directive, Annex | clause 1.7.3
marking; NFPA79:2002, clause 17.4 nameplate data; CSA C22.1 Canadian
Electric Code, clause 2-100 marking of equipment give organized
requirements. The requirements here are principally taken from IEC 60065 and
IEC 60950 series.

Equipment without direct connection to mains

(I =y el AYaVeVali|

Sour
Purpgse:

Ratiompale:

F.3.6.2

Ratiompale:

Ratiopale:

F.5

Ratiompale:

Anne

G.1 '—Switehes

Source:

Rationale:

=0 OO J00 1

To clarify that equipment powered by mains circuits, but ngt directly conrected

to the mains using standard plugs and connectors, neeg" ctrical
rating.

Only equment that is directly connected to the i sapplied from the

i inty” adcount

ipment

gCtion. The latest versfon of
construction. On requgst of
ymbol, which is now uged in

NS, more and more CIESS ]

lass |
idered
sed to
be a

, the triangle represents the words “Warning” or
Wwhen the symbol is used, there is no need to also use the
or “Caution”. However, when only element 2 is used, the text

Compodnents

IEC 61058-1

A contact should not draw an arc that will cause pitting and damage to the
contacts when switching off and should not weld when switching on if located
in PS2 or PS3 energy sources. A PS1 energy source is not considered to have
enough energy to cause pitting and damage to the contacts. Both these actions
(pitting and damage) may result in a lot of heating that may result in fire. There
should be sufficient gap between the two contact points in the off position
which should be equal to the reinforced clearance if the circuit is ES3 and
basic clearance if the circuit is ES2 or ES1 (we may have an arcing or resistive
PIS in an ES1 circuit) in order to avoid shock and fire hazards. The contacts
should not show wear and tear and pitting after tests simulating lifetime
endurance; and overload tests should operate normally after such tests.
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G.21 Requirements

Source: IEC 61810-1, for electromechanical relays controlling currents exceeding 0,2 A
a.c or d.c., if the voltage across the open relay contacts exceeds 35 V peak
a.c.or24Vd.c.

Rationale: A contact should not draw an arc that will cause pitting and damage to the
contacts when switching off and should not weld when switching on if located
in PS2 or PS3 energy sources. A PS1 energy source is not considered to have
enough energy to cause pitting and damage to the contacts. Both these actions
(pitting and damage) may result in lot of heating that may result in fire. There
should be sufficient gap between the two contact points in the off position
which should be equal to the reinforced clearance if the circuit is ES3 and
basic clearance if the circuit is ES2 or ES1 (we may have an_arcing or registive
PIS in an ES1 circuit) in order to avoid shock and fire h zard \ The coptacts
should not show wear and tear and pitting after teg ifetime

G.3.3 PTC thermistors

Sourcie: IEC 60730-1

Ratiopale: PTC thermistor for current limitation is always e |[oad
to be protected.

In a Non-tripping stage, the source olt jance
and the resistance of PTC the bower
resistance at 25 °C) PTC

thermistor in this stage
important parameters

this stage depends on factors su

max. Of IEC 60738-1:2006, 3.38.

S maximum voItage l,es = residual current, measured by the
manufacturers )

of PTC thermistors in this stagdg.

s the
is no
The
ch as

hce at
bower

ge the

w the
point,
int is

PTC

3.390
maximum power
P

max

maximum power is the power U, % I;os Which can be dissipated continously
by the thermistor when the maximum voltage is applied under specified

conditions of ambient temperature, circuit and thermal dissipation
thermal equilibrium is obtained

when

NOTE |If the power is supplied by an a.c. source then the voltage and current should be

measured with true r.m.s. meters.
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A
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= N | ( Tripping
3 1000 Ine S operation
8 =" /r\ —T T
Pz = N -
o ~ /4 | oQHH T
N
< . : \; (Power becomes high)
. V4 | \\ H
N / WS
100 . 2 i ~ i onstant\power
N\ 'I/’ V.4 ~ “.\\ < Iine<\\\
/ \V NI
= \ NN
Operation point when / Operati p wheh Yoad
load is in normal state. AN is |W mal state-
I ‘“ I \V\\\\\?\I
10 (Power becomes low) \ »
0,01 0,1 0 100
PRC'v ge Jpr1c Vv
IEC]
pical data)
e power dissipation of the PTC will be
ot considered to be a resistive PIS,
750’mm3 is not considered to be a registive
G.34
Rationale: ritical component, protective devices are not aljowed
icati , to guarantee safe and confrolled
e_apd explosion phenomena’s) during single fault conditions
d overload conditions) in the end products. This should include
g capacity capable of interrupting the maximum fault current
ort-circuit current and earth fault current) that can occur
G.3.5 afeguard’components not mentioned in G.3.1 to G.3.4
Rationale; Profective devices shall have adequate ratings, including breaking capacity.
G.5.1 Wire insulation in wound components
Source: IEC 60317 series, IEC 60950-1
Purpose: Enamel winding wire is acceptable as basic insulation between external circuit
at ES2 voltage level and an ES.
Rationale: ES1 becomes ES2 under single fault conditions. The enamel winding wires

have been used in telecom transformers for the past 25 years to provide basic
insulation between TNV and SELV. The winding wire is type tested for electric
strength for basic insulation in addition to compliance with IEC 60317 series of
standards. Enamel is present on both input and output winding wires and
therefore, the possibility of having pinholes aligned is minimized. The finished
component is tested for routine test for the applicable electric strength test
voltage.
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G.5.2 Endurance test
Source: IEC 60065:2014, 8.18
Rationale: This test is meant to determine if insulated winding wires without additional
interleaved insulation will isolate for their expected lifetime. The endurance test
comprises a heat run test, a vibration test and a humidity test. After those
tests, the component still has to be able to pass the electric strength test.
G.5.2.2 Heat run test
Rationale: In Table G.2, the tolerance is £ 5 °C. It is proposed that the above tolerance be
the same.
G.5.3 Transformers
Sourcie: IEC 61558-1, IEC 60950-1
Rationpale: Alternative requirements have been successfully S s In the
scope of this standard for many years.
G.5.3{3 Transformer overload tests
Tablel G.3 — Temperature limits for transformer wing indi xcept
for the motor running overload test
50 be
bnt is
rede power supply, a transfprmer
aximum current without a protgction
operating. protection is NOT ‘inherenﬂly’ or
|mpedanc ion to
load
been
dition
plied.
ext, the.ap I|c ion of the flrst row limit shall be chosen accordlng to
G.5.4
Source:
Rationalé: rements have been successfully used with products in the scope of this
G.7
Source: IEC 60245 (rubber insulation), IEC 60227 (PVC insulation), IEC 60364-5-%4
Ratiorate: Mairs—cormections gcllcn:l“y have :GIHC mormatandfattt eergy avattabte from

the mains circuits. It is also necessary to ensure compatibility with installation
requirements.

Stress on mains terminal that can result in an ignition source due to loose or
broken connections shall be minimized.

Terminal size and construction requirements are necessary to ensure adequate
current-carrying capacity and reliable connection such that the possibility of
ignition is reduced.

Wiring flammability is necessary to reduce flame propagation potential should
ignition take place.

Conductor size requirements are necessary to ensure adequate current-
carrying capacity and reliable connection such that the possibility of ignition is
reduced.
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Alternative cords to rubber and PVC are accepted to allow for PVC free
alternatives to be used. At the time of development of the standard, IEC TC 20
had no published standards available for these alternatives. However, several
countries do have established requirements. Therefore it was felt that these
alternatives should be allowed.

G.7.3 — G.7.5 Mains supply cord anchorage, cord entry, bend protection
Source: IEC 60065:2014 and IEC 60950-1: 2005/AMD 1:2009/AMD 2:2013
Purpose: Robustness requirements for cord anchorages
Rationale: The requirements for cord anchorages, cord entry, bend protection and cord
replacement are primarily based on 16.5 and 16.6 of IEC 60065:2014 and 3.2.6
and 3.2.7 of IEC 60950-1:2005.
Experience shows that 2 mm displacement is the requirementCand |if an
appropriate strain relief is used there is no damage tq¢he cérd andtkthergefore,
no need to conduct an electric strength test in mos ses. Lhisxmethod has
been successfully used for products in the scope.of s for|many
years.
G.8 Varistors
Source: IEC 61051-1 and IEC 61051-2
Rationale: The magnitude of external transient dveryoltagexmai attributed to lightning),
to which the equipment is exposed eng location of the equipment.
This idea is describeddn T 2014 and also speciffed in
IEC 60664-1.
In response to this idea, 6185 s been revised taking into account the
location of the equipment, awhich influences the requirement fqr the
varistors used in the eq 'pm%
\ perform ccording to G.8.2 of IEC 62368-1:2014
6105142:1991/AMD 1:2009.
G.9
Source:
Rationale: fith many components are used especially in class 1
dgurces for providing isolation for basic safeguards and
5 already has requirements for “electronic protection deyices”
itioning tests such as EMF impulses are applied to such ICs and the
or current limiting function evaluated | after
§ In addition, clearances and creepage distances are
maintajned for double or reinforced insulation if the IC current limiter is|in an
ES2 circuit. The two pins where above is met are not shorted. [Many
applications such as SLIC Chips and current limiting chips (in ES2 circuitg) are

G.11

Source:
Rationale:

rmot-shortedif qua“ficu‘ by the |v:;\,|ui|cuI L,unu'itiunillg atret dctcullillillg ctearances
and creepage distances on the outside of the IC chips.

Two test programs were used in IEC 60950-1. An additional program was
developed in IEC 62368-1. It was felt that all three programs were considered
adequate. Therefore the three methods were kept.

Capacitors and RC units

IEC 60384-14:2013

Table G.8: Test voltage values aligned with those used in IEC 60384-14
(Tables 1, 2 and 10 of IEC 60384-14:2013).

Table G.9: Minimum number of Y capacitors based on required withstand
voltage of Table 26 of IEC 62368-1:2014.

Table G.10: Maximum voltage that can appear across a Y capacitor based on
the peak working voltage of Table 27 of IEC 62368-1:2014.
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G.13

Source:
Purpose:
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Table G.11: Minimum number of Y capacitors based on the test voltages (due
to temporary overvoltages) of Table 28 of IEC 62368-1:2014.

Table G.12: Minimum number of X capacitors (line to line or line to neutral)
based on the mains transient withstand voltage of Table 13 of IEC 62368-
1:2014.

All of the above are aligned with the requirements of IEC 60384-14.

Printed boards

IEC 60950-1 or IEC 60664-3:2003.
To provide details for reliable construction of PCBs.

Ratiofrater—This proposat 1S based on IEC 60664-3 and the work of 1BM—and UL im testing

G.13.6

Purpgse:

Rationpale:

G.14

Source:
Purpgse:

Rationpale:

G.15

Sourcle:
Purpo

Ratiompale:

coatings on printed boards when using coatings to/achieve insylation
coordination of printed board assemblies. Breakdown yu| morg than
8 000 V for 0,025 mm were routinely achieved in this progra

These parts have multiple stresses on the materi ith_ limitecdk sepafration
between conductors. This section is taken frg efe [these

Tests on coated printed boards

Prevent breakdown of the insulation s4

Avoid pinholes or bubbles in the
at corners.

of conductive fracks

meRt ard ‘rigi of the terminations are adequpte to
3| haxw g, assembly into equipment and subselquent

ot be subjéct to deformation which would crag¢k the
ike coated printed boards (see G.13.3) and the

been

n the
bperly
addressed. A leak is not desirable and therefore, a strict performance criterion
is proposed. Requirements were developed based on the following description

of a typicatsystenT using Hgquid—fittedeatsimksHa differenmttypeof sysiem is
used then the requirements need to be re-evaluated.

Liquid filled Heat-sink System (LFHS): A typical system consists of a heat
exchanger, fan, pump, tubing, fittings and cold plate or radiator type heat
exchanger. The liquid filled heat sink comes from the vendor already charged,
sealed; and is installed and used inside the equipment (small type, typically
found in cell stations and computing devices or other types of systems). The
proposed requirements are based on a LFHS being internal to a unit,
used/installed adjacent/over SELV circuits, in proximity to an enclosed power
supply (not open frame).
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The liquid filled heat components are used in desk top units or stationary
equipment and in printers. These are not used in any portable equipment
where orientation may change (unless the product is tested in all such
orientations. If the liquid heat sink system is of a sealed type construction, then
the system is orientation proof (this should not be a concern but a good
engineering practice that the pump does not become the high point in the
system).

Following assumptions are used:

— The tubing is a single-layered metal (copper or aluminium) or non-metallic
construction. If it is non-metallic, flammability requirements will apply.

— The fittings are metal. If it is non-metallic, flammability requirements will

Annek H

H.2

Sourdle:
Rationpale:

apply.

— Working pressure is determined under normal and rating
conditions and construction (tubing, fitting, heat exc etc.)
is suitable for this working pressure;

— The volume of the liquid is reasonable (less thg

— The fluid does not cause corrosion and i mple,
corrosion resistant and non-flammable liqui

Criteria for telephone

Method A

EN 41003:2008.

teady
rs of
g and
tistics
jer is
bd of
re 2C
AMD1:2009/AMD2:2013 that has a 6 mm radius tip.
ensures that:

3 by a*large part of the human body, such as the back of the hgnd, is

impessible;

omnactvis possible only by deliberately inserting a small part of the |body,

ess »than 12 mm across, such as a fingertip, which presents al high

impedance;

c) the possibility of being unable to let-go the part in contact does not arige.

LILILLRS] applica IUUth tU bUIItabt VV;“I biylld:b dIIiV;IIg fIUIII t:IU IIUtVVUIIr\ Ild tO
signals generated internally in the equipment, for example ringing signals for
extension telephones. By normal standards, these internally generated signals
would exceed the voltage limits for accessible parts, but the first exemption in
IEC 60950-1 states that limited access should be permitted under the above
conditions.

Ventricular fibrillation of the heart is considered to be the main cause of death
by electric shock. The threshold of ventricular fibrillation (Curve A) is shown in
Figure 38 below and is equivalent to curve c1 of IEC/TS 60479-1:2005, Figure
14. The point 500 mA/100 ms has been found to correspond to a fibrillation
probability of the order of 0,14 %. The let go limit (Curve B) is equivalent to
curve 2 of IEC/TS 60479-1:2005, Figure 14. Some experts consider curve A to
be the appropriate limit for safe design, but use of this curve is considered as
an absolute limit.


https://iecnorm.com/api/?name=40cdb54463244b9a9062fd5f4fb82a32

- 114 - IEC TR 62368-2:2015 © IEC 2015

)

£

.10 000 .

= 1

o |

< B’

o |

5 |

: \

(@]

c 1000 \\B A

®

3 \ N
100 \

10

1 2 5 10 20 50

ce of
hardly
ue to
arying
igs.

large

much
gimilar
1 cm?2 for finger contact with pins of a telephong¢ wall
act with thin wires, wiring tags or contact with tools where
oye beyond insulated handles, the area of contact will again be [of the

2 or less. These much smaller areas of contact with the| body
sighificantly higher values of body impedance than the IEC TS $0479

In I[EC 60950-1, a body model value of 5 kQ is used to provide a margin of
safety compared with the higher practical values of body impedance for typical

talacammunication-contact araas
tere- o urrcatro GOt ctareas

H.3

Source:

The curve B' [curve C, of IEC TS 60479-1:2005, Figure 22 (curve A in this
standard)] used within the hazardous voltage definition is a version of curve B
modified to cover practical situations, where the current limit is maintained
constant at 16 mA above 1667 ms. This 16 mA limit is still well within the
minimum current value of curve A.

The difficulties of defining conditions that will avoid circumstances that prevent
let-go have led to a very restricted contact area being allowed.

Contact with areas up to 10 cm?2 can be justified and means of specifying this
and still ensuring let-go are for further study.

Method B

This method is based on USA CFR 47 ("FCC Rules") Part 68, Sub part D, with
additional requirements that apply under fault conditions.


https://iecnorm.com/api/?name=40cdb54463244b9a9062fd5f4fb82a32

IEC TR 62368-2:2015 © IEC 2015 - 115 -

Annex J

Source:
Purpose:

Rationale:

Insulated winding wires for use without interleaved insulation

IEC 60851-3:2009, IEC 60851-5: 2008, IEC 60851-6:2012

Winding wires shall withstand mechanical, thermal and electrical stress during
use and manufacturing.

Test data indicates that there is not a major difference between rectangular
wires and round wires for electric strength after the bend tests. Therefore,
there is no reason to not include them.

Subclause 4.4 1 of |[EC 60851-5:2008 covers only salid circular or stranded

Annek K

Sourdle:
Purpose:

Ratiompale:

Anne

Sourcle:
Purpa

Ratiopale

winding wires as a twisted pair can easily be formed frop nd wires|. It is

difficult to form a twisted pair from square or rectangular winding

IEC 60851-5:2008, 4.7 addresses a test method that.6an bé& jquare
and rectangular wires. A separate test method for sqdarg 3 wires
has been added. The test voltage is chosen to bg isted if as a

single conductor is used for the testing.

In addition, the edgewise bend test is b and
IEC 60851-6 for the rectangular and square windi QUVire

The reference to trichloroethane is being d is an
environmentally hazardous material.

For J.2.3 (Flexibility and adherengce d J. t 8 of
IEC 60851-3:2009 and [ ed for

solid square and solid recta

g have been used for many years in prqducts
andard. Safety interlocks should not be assogiated

3 mm separation distances of contacts. Can be part of building installatior].
For Class | equipment, the supply plug or appliance coupler, if used 3s the

disconnect device, shall make the proieclive earthing connecfion earlier than
the supply connections and shall break it later than the supply connections.

Clearance of 3 mm can withstand peak impulse voltages of 4 000 V, which
corresponds to a transient overvoltage present in overvoltage category lll
environment (equipment as part of the building installation).
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Annex M Equipment containing batteries and their protection circuits
M.2 Safety of batteries and their cells
Rationale: Equipment containing batteries shall be designed to reduce the risk of fire,

explosion and chemical leaks under normal operating conditions and after a
single fault condition in the equipment, including a fault in circuitry within the
equipment battery pack. For batteries replaceable by an ordinary person or an
instructed person, the design shall provide safeguards against reverse polarity
installation or replacement of a battery pack from different component
manufacturers if this would otherwise defeat a safeguard.

Other clauses in this standard address in generic terms safeguards associated
with the use of batteries. This annex does not specifica address those
i rm to

This annex addresses safeguards that are unique ta’batteri > re not
addressed |n other parts of the standard Energy_source ari m the

e igns or
ratings (for example, by overchargi id<o rapid-discharge,
overcurrent or overvoltage conditions

— thermal runaway due to overchargé¢
reverse-charging of the battery;

by an

h the
al cell
Bvice.

s are
je an

g’ charging operation, gases are emitted from secondary cell§ and
batteries excluding gastight sealed (secondary) cells, as the result ¢f the
electrolysis of water by electric current. Gases produced are hydrogenh and

oxygen.
M.3 Protection circuits for batteries provided within the equipment
Rationale: Equipment containing batteries is categorized into two types;

1. Equipment containing batteries which are embedded in the equipment and
cannot be separated from the equipment.

2. Equipment containing batteries which can be separated from the
equipment.

The requirements in IEC 62368-1 cover only the battery circuits that are not an
integral part of the battery itself, and as such form a part of the equipment.
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M.4

Rationale:

Additional safeguards for equipment containing a secondary lithium
battery

Secondary lithium batteries (often called lithium-ion or li-ion batteries) are
expected to have high performance, such as light-weight and high energy
capability. The use of li-ion batteries has been continuously expanding in the
area of high-tech electronic equipment. However, it is said that this technology
involves risks because the safety margin (distance between safe-operation
zone and unsafe-operation zone) is relatively small compared to other battery
technologies.

TC 108 noted that for designing equipment containing or using li-ion battery, it
is imperative to give careful consideration to selecting highly reliable battery

M.4.2]2

cells, providing high performance battery management systems for opefrating
i i e (for

voltage and current). It is also imperative to introd jainst
abnormal conditions, such as vibration during the anical
shock due to equipment drop, surge signals caused\i , and
i attery

2 into
sport,
ifions.
ures,
rging

center
ghest

mical
attery

DC power supply

M.4.3

@
3

IEC

Figure 39 — Example of a dummy battery circuit

Fire enclosure

Lithium-ion batteries are provided with a fire enclosure (either at the battery or
at the equipment containing the battery) because even though measurements
of output voltage and current may not necessarily show them to be a PIS,
however they contain flammable electrolyte that can be easily ignited by the
enormous amount of heat developed by internal shorts as a result of possible
contaminants in the electrolyte.
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Drop test of equipment containing a secondary lithium battery

Monitoring of lithium-ion battery output voltage and surface temperature during
or after the drop test may not help. The concern is that if a minor dent occurs,
nothing may happen to the battery. Temperature may go up slightly and then
drop down without any significant failure. If the battery is damaged, the
damage may only show up if the battery is then subjected to few charging and
discharging cycles. Therefore, the surface temperature measurement was
deleted and replaced with charging and discharging cycles after the drop test.
The charging and discharging of the battery shall not result in any fire or
explosion.

It is important that the equipment containing a secondary lithium battery needs

M.6.1}1

Examples;

M.71

to have a drop Impact resistance. Equipment containing a _secondary l{thium
battery should avoid further damage to the control circuit ar e\batteries.

After the drop test:

- Initially, the control functions should be checked iff they
continue to operate and all safeguards are e fec've. 3 attery or
appropriate measurement tool can be used i f 3 of the
equipment.

- Then, the batteries are checked whethe
occurs.

sernal short gircuit

onditions test hinder
se the current to discharge
yht internal short cirduit.

¢ “observation of the bjattery
rge and charge.

| short c' clit of\the battery, TC 108 adopts a n¢ load
ge drop caused by an internal| short

jed type of battery has internal power
current). Therefore, two samples gf the
or the drop test and the other for referencg in a
e effect of an internal power dissipation cpn be
measuring addifference between voltage drops in the 24-hour

a battery standard containing an internal short test is

erexample of compliance to internal fault requirements is a battery|using
at have passed the impact test as specified in IEC 62281.

Ventilation preventing an explosive gas concentration

Rati0| IG:C.

M.7.2

Source:

M.8.2.1

Source:

DUI;IIH bhaly;llu, f:UGt uhaly;ny, GII\‘JI chlbhaluilly upclat;un, HGOCD arc Cil Itted
from secondary cells and batteries excluding gastight sealed (secondary) cells,
as the result of the electrolysis of water by electric current. Gases produced
are hydrogen and oxygen.

Test method and compliance criteria
The formula comes from IEC 62485-2:2010, 7.2.

General
The formula comes from IEC 60079-10-1:2008, Clause B.4.
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Annex O

Sourc

e

Purpose:

Rationale:

Measurement of creepage distances and clearances

IEC 60664-1, IEC 60950-1
Clearances are measured from the X-points in the figure

Figure 0.13. The clearance determination is made from the X-points in the
figure, as those are the first contact points when the test finger enters the
enclosure opening. It is assumed that the enclosure is covered by conductive
foil, which simulates conductive pollution.

Anne}P——Safeguards—against-eonduetive-objeets
P.1 General
Rationale: e not
ent is
re will
se by
cified
P.2 t
Sourcg:
Purpgse:
Rationale:
The
pass
. This
,|P.2.3
these
5 that
')ment
P.2.311
Ratiomale; bction
oated
ction.
lectronics are subject to harsh environments and added protecfion is
¥ary, most circuit board assembly houses coat assemblies with a layer of
transparent conformal coating rather than potting.
The coating material can be applied by various methods, from brushing,
spraying and dipping, or, due to the increasing complexities of the electronic
boards being designed and with the 'process window' becoming smaller and
smaller, by selectively coating via robot.
P.3 Safeguards against spillage of internal liquids
Source: IEC 60950-1
Rationale: If the liquid is conductive, flammable, toxic, or corrosive, then the liquid shall

not be accessible if it spills out. The container of the liquid provides a basic
safeguard. After the liquid spills out, then barrier, guard or enclosure that
prevents access to the liquid acts as a supplementary safeguard. Another
choice is to provide a container that does not leak or permit spillage for
example, provide a reinforced safeguard.
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Metalized coatings and adhesives securing parts

IEC 60950-1

Equipment having internal barriers secured by adhesive are subject to
mechanical tests after an aging test. If the barrier does not dislodge as a whole
or partially or fall off, securement by adhesive is considered acceptable.

The temperature for conditioning should be based on the actual temperature of
the adhesive secured part.

The test program for metalized coatings is the same as for aging of adhesives.
In addition, the abrasion resistance test is done to see if particles fall off from
the metalized coating. Alternatively, clearance and creepage distances for PD3

shall he nrovidad
SHa—B-8-pProVHaea-

Anne

Sourd|

Ratiompale:

Q.1.2

Q.2

K Q

e

IEC 60950-1:2005/AMD1:2009/AMD2:2013

For the countries that have electrical and fi g PA 70, this
annex is applied to ports or circuits for exte irsui at axe interconnected
to building wiring for limited powe TRGUT Anngx NQ was basgd on
requirements from |IEC 60950-1 that g o comply with the external
circuit power source requirements neces omphahce with the elegtrical

r source, all conditions of use ghould
that may be connected to a bjattery
ination whether the available ¢utput
rvsodrce is made with each of the squrces

In determining if a circuitTs a limited\p
be considered. For exampl ircuy

s of type gD and type gN fuses specified in
ith the limit. Type gD or type gN fuses rated 1 A, would

Power Source 2

Circuit >

1

Available Output = LPS?
IEC

Figure 40 — Example of a circuit with two power sources
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Annex R

Source:

Rationale:

Annex S

S.1

Ratiompale:

S.2

Ratiompale:

S.3

Sourdle:

Ratiompale:

S.4

Limited short-circuit test

IEC SC22 E

The value of 1 500 A is aligned with the normal breaking capacity of a high
breaking fuse. In Japan the prospective short circuit current is considered less
than 1 000 A.

Tests for resistance to heat and fire

ipment
where the steady-state power does not exceed 4 000 W
This test is intended to test the ability of an end‘pr re to
adequately limit the spread of flame from a potenjial Ngnitix o the
outside of the product
— Included the text from IEC 60065 using theg 'vnition
source for all material testing. The reapplication of iy S e first
flaming was added to clarify that the te Jplied
based on current practices.
- hinate
osure
re or

barrier.

The criteri
materials

is considered important as flammable
on the other side of the barrier ¢r fire

nged from the original ECMA document which was

150-1. This test is intended to determine the acceptabllity of
atterns in bottom enclosures to prevent flaming materia| from
upporting surface. It has been used principally for testing

s/being proposed to test all bottom enclosures. Research is orlgoing
op a similar test based on the use of flammable (molten) thermoplastic
an oil.

Flammability classification of materials

Rationale:

S.5

Source:

Rationale:

The tables were considered helpful to explain the hierarchy of material
flammability requirements used in this standard.

Flammability test for fire enclosure materials of equipment with a steady-
state power exceeding 4 000 W

IEC 60950-1:2005/AMD1:2009/AMD2:2013

The annex for flammability test for high voltage cables was withdrawn and
replaced by flammability test for fire enclosure materials of equipment having
greater than 4 000 W faults.
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