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INTERNATIONAL ELECTROTECHNICAL COMMISSION

AUDIO/VIDEO, INFORMATION AND
COMMUNICATION TECHNOLOGY EQUIPMENT -

Part 2: Explanatory information related to IEC 62368-1

FOREWORD

1) Thqg International Electrotechnical Commission (IEC) is a worldwide organization for st izationhcormprising
all |national electrotechnical committees (IEC National Committees). The obje i romote
intgrnational co-operation on all questions concerning standardization in the electfijcal a iglds. To
thig§ end and in addition to other activities, IEC publishes International Stangdargs igations,
Tedhnical Reports, Publicly Available Specifications (PAS) and Guides 5 “IEC
Publication(s)”). Their preparation is entrusted to technical committees; a brested
in fhe subject dealt with may participate in this preparatory work d non-
governmental organizations liaising with the IEC also participate in closely
with the International Organization for Standardization (ISO) in &ccorda ihed by
agrpement between the two organizations.

2) Thq formal decisions or agreements of IEC on technical mattg § possible, an interrjational
consensus of opinion on the relevant subjects since eac om all
intgrested IEC National Committees.

3) IEQ Publications have the form of recom ational
Corl of IEC
Publi or any
mis|

4) In ications
trar rgence
bet idated in
the

5) IEQ i Independent certification bodies provide corformity
ass| marks of conformity. IEC is not responsible for any
seryi

6) All

7) No i employees, servants or agents including individual expefts and
me C National Committees for any personal injury, property danpjage or
othe whether direct or indirect, or for costs (including legal feds) and
exp the, publication, use of, or reliance upon, this IEC Publication or any other IEC
Puljli

8) Attg Qrmative references cited in this publication. Use of the referenced publications is
ind

9) Attg to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights\ IE€ shall yot be held responsible for identifying any or all such patent rights.

The main‘task of IEC technical committees is to prepare International Standards. Howejver, a

technjcaMcommittee 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 TC108: Safety
of electronic equipment within the field of audio/video, information technology and
communication technology.
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The text of this technical report is based on the following documents:

Enquiry draft Report on voting
108/439/DTR 108/452/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 this standard, the following print types are used:

— nagtes/explanatory matter: in smaller roman type (also in green if colour Is_available);

— taples and figures that are included in the rationale have linked fi
“field shading” is active).

grey if

This gublication has been drafted in accordance with the ISO/IEC Directives

A list|of all parts of the IEC 62368 series can be found, umder\the * ithe jo/Video,
information and communication technology equipment, on '

In thi$ document, only those subclauses consideréd tp her Packground reference
information or explanation of their content to berefit the /r e, not
all nuLmbered subclauses are cited. ' uses,
subcl

The dommittee has decided that the A b | until
the s{ability date indicated on the IEC bsiteXuhder)"http://webstore.iec.ch" in thg data
relatefd to the specific publiCati 3 date bli€¢ation will be

* reponfirmed,
* withdrawn,

* replaced by & jseg
* amended.

A bilingual versi

IMPORTA
that [it contains colours which are considered to be useful for the co
understanding of\i
CO|Ol1r printer.

|

ates
rrect
contents. Users should therefore print this document using a
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AUDIO/VIDEO, INFORMATION AND
COMMUNICATION TECHNOLOGY EQUIPMENT -

Part 2: Explanatory information related to IEC 62368-1

Clause 0 Introduction - Principles of this product safety standard

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

0.5.7 Equipment safeguards during skilled person service

Purpdse: To explain the intent of requirements for pro jainst

involuntary reaction.

Rationale: By definition, a skilled person has the education and Xp i > i ify all
vicing
sed to
cause
bntact

location. Second, the space in
ertent

ifferent location may be likely|.
ire an equipment safeguard solg¢ly for

Clausge 1

Purpgse: i applicability of this standard and the exclysions

irements for functional safety. Functional safgety is
. Because the scope includes computers thaf may
functional safety requirements would necegsarily
ents for computer processes and software. The TC108 experts

rdware safety, and have little or no expertise to propperly

Rationale:

Rationale is provided for definitions that deviate from IEV definitions off from
pilot standard definitions

3.3.2.1 electrical enclosure

Source: IEV 195-06-13

Purpose: To support the concept of safeguards as used in this standard.

Rationale: The IEV 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.

3.3.51 basic insulation
Source: IEV 195-06-06
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Purpose:

Rationale:

Rationale:

3.3.5.p

Source:
Purpgse:

Ratiopale:

3.3.5.p

Sourdle:
Purpgse:

Rationale:

3.3.6.

Sour
Purpgse:

Ratiopale:

3.3.7.8

Sourde:

3.3.8.1

Source:
Purpose:

Purpgse: To describe that the standard does not generally address foreseeable misuse.
Ratiowmmhmww i i i i 0 an

To support the concept of safeguards as used in this standard.

The IEV 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.

double insulation
IEV 195-06-08

See 3.3.5.1, basic insulation.

solid insulation

IEC 60664-1:2007, 3.4

To support the concept that safeguards are ifterposed\be Y\ an energy
source and a body part.

IEC 60664-1 defines insulation as materlal
parts. The IEC 60664 1 definition is mod

two condlpctive
i$ also

solid
=en a
solid

as Used in this standard.
ructed persons” and “skilled persons” as used |n this

st

odified to use the terms “instructed persons” and “skilled
han “electrically instructed persons” and “electrically gkilled

injury. 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. 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.)

instructed person

IEV 826-18-02
To use the terms used in this standard.
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Rationale:

3.3.8.3

Source:
Purpose:

Rationale:

3.3.14.10

Source:
Purpgse:

Rationale:

3.3.15.2

Source:
Purpgse:

Ratiompale:

Claudge 4

Purpgse:

Rationpale:

-6 - TR 62368-2 O IEC:2011(E)

The IEV definition is modified to use the terms “energy sources”, “skilled
person”, and “precautionary safeguard”. The definition is made stronger by
using the term “instructed” rather than “advised”.

skilled person
IEV 826-18-01

To use the terms used in this standard.

The IEV definition is modified to use the phrase “to reduce the likelihood of”.
IEC 62368-1 does not use the word “hazard”.

IEV 195-05-09

To properly identify electric shock energy source voltages.

The IEV definition is modified to delete “animal”.
deleted as all of the requirements in the standard

i$ also
rspns.
working voltage

IEC 60664-1:2007, definition 3.5
ing voltage.
The IEC 60664-1 definition is modified to(d .m. £C 62368-1 uses both

class Il construction
IEC 60335-1:2001, 3.3.1

% andard, for completeness, it was dgcided
angedto fequipment”.

e and determine whether or not safety is involved.

blish Ywhether or not safety is involved, the circuits and
ivestigated to determine whether the consequences of
onditions would lead to an injury. Safety is involved if| as a
ault condition, the consequences of the fault lead to a risk of

ofdition should lead to a risk of injury, the part, material, or device
¥hose fault was simulated may comprise a safeguard.

Rationale is provided for questions regarding the omission of some tradjtional

requirements appearing in other safety standards. Rationale is also prqvided
for further explanation of new concepts and requirements in this standard

Purpose:

Rationale:

functional insulation

To explain why the standard has no requirements for 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 must be
based upon physical examination of the equipment, upon the electrical
schematic.

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

Rationale:

functional components

To identify the conditions for consideration of functional components as
safeguards.

This standard does not include requirements for functional components. By
their nature, individual functional components do not provide a safeguard
function against electric shock, electrically-caused fire, thermal injury, etc., and
therefore may be candidates for fault testing. Obviously, not all functional
components are faulted as this would be prohibitively time-consuming.
Candidate components for fault testing must be based upon physical
examination of the equipment, upon the electrical schematic diagrams, and
whether a fault of that component might result in conditions for electric shock,

411

Purpgse:

Ratiopale:

conditions for ignition and propagation of fire, conditions for thermal injury, etc.
As with all fault-condition testing (Clause B.4), upon faulting of a-fungtional
component, there shall not be any safety consequence - 7 a Hdenign
consequence), or a basic, supplementary, or reinforce bmain
effective.
In some cases, a pair of functional components : IS ard. If
the fault of one of the components in the paix i iti 3 bcond
component, then the pair must be de3|g 3 oub ¢ safeguard. For
example, if two diodes are employed in se t a~hattery from rgverse
charge, then the pair must comprise a4 doubl c and the compdnents
must be limited to the manufacturer g ally tested. A second
example is that of an X-capacit d” disg S i . If the discharge
resistor should fail - i not be discharged.
Therefore, the X-capacitqr v xceed the ES2 limits specified for a
charged capacitor. Again\thewo comprise a double safeguard
and the values of each/compong t be limited to values for ES1 junder
normal operating conditio ; lues for ES2 under single| fault
conditions.
hents
guard
, both
egudrd parameters. Examples of safeguard componengs are
ing with IEC 60384-14 and other IEC component standdrds.
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4.3.2 Safeguards for protection of an ordinary person

Ordinary person safeguard requirements

Ordinary
person

Reinforced |
safeguard Vv

_

s ~
. Supple-
Basic
mentary
@ safeguard safeguard
A

s ™

Basic
safeg}evﬂ'l

Energy
class2

xr

IEC 1339/11

4.3.3 Safeguards for protec

Instructed \ d requirements

Instructed
person

Energy B
class 3 safeguard

Energy
class 2

IEC 1340/11
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4.3.4

Safeguards for protection of a skilled person

Skilled person safeguard
requirements

Skilled
person

4.4.3

Purpdse:

Ratiopale:

4.4.5

Purpdse:

Ratiopale:

Energy
class2

Composition of a safeguard

To specify design and Qo a single safeguard (pasic,
supplementary, or reinforced i more than one elemenit, for
example, a component g

ogeneous component. Indeed, [some
feguard be comprised of two or|more

lation, two or more layers are requifed to
ation,/Another example is protective bondinlg and
hich are comprised of wires, terminals, sgrews,

prised of two or more elements, then the function pf the
he\compromised by a failure of any one elemen}. For
gching a protective earthing wire should loosen, the¢n the
the protective earthing circuit may be

ards must be sufficiently robust to withstand the rigors of expected use
throughout the equipment lifetime. Robustness requirements are speciffed in
the various clauses.

Clause 5

Purpose:

Electrically-caused injury

Clause 5 classifies electrical energy sources and provides criteria for
determining the energy source class of each conductive part. The criteria for
energy source class include the source current-voltage characteristics,
duration, and capacitance. Each conductive part, whether current-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.
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5.2.1

Source:
Purpose:

Rationale:

Purpose:

Rationale:

-10 - TR 62368-2 O IEC:2011(E)

Electrical energy source classifications
IEC/TS 60479-1 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.
ES1 may be accessible to an ordinary person with no safeguards
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 1 and

Table 2 in this standard).

Purpgse:

Ratiompale:

Purpgse:

Ratiompale:

ES2 may be accessible to an instructed person with no safeguards and

ordinary person under a fault condition of a basic safeguard.

IEC/TS 60479-1; zone AC-3 and zone
occur (see Figure 1 and Figure 2, Tah

ioldgical effect
is standard).

to an

AC-2
1 and

under
rcuits

5 may



https://iecnorm.com/api/?name=2f94c73c0f655ec4857ffb2d6b84df39

TR 62368-2 O IEC:2011(E)

- 11 -

ms
10 000 e
a b B P
e
5000
— AC-4.1
v |
2000 AC-4.2
\
\ AC-4.3
A—
T 1000 \ 3 -
X
= 500 X
2
2 AC-1 AC-2 AC-3 \\ AC4 %
= \ \.
o 200 )
: Q4 - SIE
© 100
c
§e]
®
g 50 \
L
:\\
20 = \
N X
10 / LS
0,1 500 1000 2000 5@¢00 10000 mA
IEC 1000/05
lcurrent zones of effects
pbf a.c. currents (15 s’for a current path corresponding
0479-1:2005, Figure 20)
ones for a.c. 15 Hz to 100 Hz
(see IEC/TS 60479-1:2005, Table 11)
Zbnes Physiological effects
AC-1 /\\%\Q 0\? r?b\cur»e\a Perception possible but usually no startle reaction
AC-2 O,M up\to c b Perception and involuntary muscular contractions likely but usyally no
(\ \ harmful electrical physiological effects
AC-3 %ur b\a.ux(above Strong involuntary muscular contractions. Difficulty in breathing.
Reversible disturbances of heart function. Immobilisation may g¢ccur.
Effects increasing with current magnitude. Usually no organic damage
to be expected.
AC-42 Above curve c, Pathophysiological effects may occur such as cardiac arrest,

€1~ 6

€= C3

Beyond curve c,

5 %.
AC-4.2 Probability of ventricular fibrillation up to about 50 %.
AC-4.3 Probability of ventricular fibrillation above 50 %.

breathing arrest, and burns or other cellular damage. Probability of
ventricular fibrillation increasing with current magnitude and time.

AC-4.1 Probability of ventricular fibrillation increasing up to about

considered.

For durations of current flow below 200 ms, ventricular fibrillation is only initiated within the vulnerable period if
the relevant thresholds are surpassed. As regards ventricular fibrillation this figure relates to the effects of
current which flows in the path left hand to feet. For other current paths the heart current factor has to be
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ms
10 000 :
a b ct cpeg

5000 2 D
%E— - DC‘-41 \ﬁ

2 000 E=N DC"“-Z
Z —%§ DC-4.3

1000 \ =

S0 \ %g\ =

DC-1 DC-2 DC-3

200 <\\DQ1
XV

100

Duration of current flow ¢ ——»

G

e

500 1000 2000 50p0 10000 mA

IEC 1002/05

Figure 2 — Conventi s of effects of d.c. currents on persons for a

560479-1:2005, Table 13)

Zbnes Physiological effects

pC-1 W A W Slight pricking sensation possible when making, breaking or rapidly
altering current flow.

AN
pC-2 Q ere b Involuntary muscular contractions likely, especially when makirg,
breaking or rapidly altering current flow, but usually no harmful

electrical physiological effects

pC-3 curvé b and above Strong involuntary muscular reactions and reversible disturbanges of
formation and conduction of impulses in the heart may occur,
increasing with current magnitude and time. Usually no organig
damage to be expected.

DC-42 Above curve c, Pathophysiological effects may occur such as cardiac arrest,
breathing arrest, and burns or other cellular damage. Probability of
ventricular fibrillation increasing with current magnitude and time.

cy =y DC-4.1 Probability of ventricular fibrillation increasing up to about
5 %.

cy—cCy DC-4.2 Probability of ventricular fibrillation up to about 50 %.

Beyond curve ¢, DC-4.3 Probability of ventricular fibrillation above 50 %.

For durations of current flow below 200 ms ventricular fibrillation is only initiated within the vulnerable period if
the relevant thresholds are surpassed. As regards ventricular fibrillation this figure relates to the effects of
current which flows in the path left hand to feet and for upward current. For other current paths the heart
current factor has to be considered.
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The effects for an injury increas continuously with the energy transferred to the body. To
demonstrate this principle Figure 1 and Figure 2 in this standard (see IEC/TS 60479-1:2005,
Figures 20 and 22) are transferred into a graph: effects = (f) energy (see Figure 3 in this
standard).

Effects “‘

AC/DC -4

Energy source

AC/DC -3

AC/DC -2 |
AC/DC -1 |

Energy

IEC| 1342/11

r Zone 1 (green) and Zone 2 (yellow) will
be the limit for parts accessible by an ordinary

) will be the limit for parts accessible by an ordinary

electrical energy source 1 (ES1): levels are of such a value that they zfo not
ged curve “a” (threshold of perception) of Figure 1 and Figure 2 in this
standard (see IEC/TS 60479-1:2005, Figures 20 and 22).

— electrical energy source 2 (ES2): levels are of such a value that they ekceed

curve “a”, but do not exceed curve “b” (threshold of let go) of Figure 1 and
Figure 2 in this standard (see IEC/TS 60479-1:2005, Figures 20 and 22).

— electrical energy source 3 (ES3): levels are of such a value that they exceed
curve “b” of Figure 1 and Figure 2 in this standard (see IEC/TS 60479-
1:2005, Figures 20 and 22).
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5.2.2.2 Steady-state voltage and current limits

Table 4 — Electrical energy source limits for d.c. and low frequency a.c. currents

Source: IEC/TS 60479-1, Dalziel, Effect of Wave Form on Let-Go Currents;
Electrical Engineering Transactions, Dec 1943, Vol 62.

Purpose: Current values for ES Sources.

Rationale: The current limits of Table 4 line 1 and 2 are derived from curve a a

11(E)

AIEE

nd b,

Figure 1 and Figure 2 in this standard (see IEC/TS 60479-1:2005, Figures 20

and 22).

The basis for setting limits for combined a.c. and d.c. touch current is from the

we are working with consumer appliances under this s
provide protection for children, which are generally consjde
case.

I1Since
ndard we. neled to

The formulas of IEC 62368-1:2010, Table 4 Dalziel
investigations.
Table| 5 — Electrical energy source limits for d.c. and low
Sour IEC 60950-1 and IEC 61201:2007(see Table
Purpgse: Voltage values for ES sources.
Rationale: In most cases the electrical powe e it is
practical for the designand testig bltage
body
eople
Some
s not
icient
bgical

limits are taken from IEC 60950-1, basq

nits €orrespond to the limits of SELV circuits of IEC 60
A.1 of IEC/TS 61201:2001 environmental situation 3 (dry)

imits correspond to the limits of TNV circuits of IEC 60
able A.1 of IEC/TS 61201:2001 environmental situation 3

Re basis for setting limits for combined a.c. and d.c. touch current is fro
work~of Dalziel which provides clear data for men, women and children.
we are working with consumer appliances under this standard we n

provide protection for children, the worst case. j

d on
950-1

950-1
(dry)

m the
Since
ed to

The formulas of IEC 62368-1:2010, Table 5 addresses the Dalziel

investigations.
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Table 3 — Limits for steady-state voltages (see IEC 61201:2007)

Environmental situation No fault Single fault Two faults
1 oV oV 16 V a.c.
35Vd.c.

2 16 V a.c. 33 Va.c. Not applicable
35Vd.c. 70 Vd.c.®

3 33Va.c.?® 55V a.c.? Not applicable
70V d.c.® 140 Vd.c. P

% Spectatapptications

2 For

b For

a non-grippable part with a contact area less than 1 cm?, limits are 66 V and 80 V fespecti

AN

charging a battery, limits are 75 V and 150 V.

ly.

Tabl

current

6 — Electrical energy source limits for medium and hi

Sour IEC/TS 60479-2 and IEC/TS 60479-1
Purpgse: Voltage values for ES Sources with hjghe
Rationale: The effect of a.c.

documented in
current has the sam
IEC/TS 60479-2:2007). Fb

Thewalues for ES2 are derived from Table A.2 (IEC 61201:2007).

The values for ES1 are calculated by dividing the values from Tabl

(IEC 61201:2007) by two (2).

100 H
incre

z) is
asing
12 of
burns
. The
50215
. The
has a

mined
s are

e A2

While Table 4 in this standard shows a value of 60 kV for 0,133 nF capacitor,
because this value results in an energy greater than 350 mJ (using % CV?2

formula), it was changed to 50 kV.
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Table 4 — Limit values of accessible capacitance (threshold of pain) —

—16 —

(IEC 61201:2007)

TR 62368-2 O IEC:2011(E)

uv) C(uF) U(kV) C(nF)
70 42,4 1 8,0
78 10,0 2 4,0
80 3,8 5 1,6
90 1,2 10 0,8
100 0,58 20 0,4

5.2.2.4

Table|9 — Current limits for single pulses

Sour
Purpgse:
Ratiompale:

state

urrent
e 22)
(see

rve a
0479-
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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 Ry (Q)
that are not exceeded for
Touch voltage
\Y
5 % of the 50 % of the 95 % of the
population population population

25 2100 3875

50 1 600 2900

75 1275 2275

100 1100 1900

125 975 1675

150 875 1475

175 825 1350

200 800 1275

225 775 12

400 700 0

500 625 850

700 575 1050
1000 575 A\ ﬁ ~ 1050

Asymptotic value 575\ L\ 7500\ 1050

NOTE 1

>
\
istance Rt for/the current path hand to foot

(10 % o 30 %)

Some measurements indicate th
is somewhat lower than for a cur)

peak

5.2.2.

Tablel 10 gy source limits for repetitive pulses

Sour 60479-2 and IEC/TS 60479-1

Purpdse: To define current and voltage limits for repetitive pulses.

Rationale: For repetitive pulses with a pulse-off time less than 3 s the steady state]
valiuce of Tabhla 4 ara iond
For repetitive pulses with a pulse-off time more than 3 s the limit values of
single pulses from Table 8 (voltage) or Table 9 (current) are used.

5.2.2.6 Ringing signals

Source: EN 41003

Purpose: Limits for analogue telephone network ringing signals.

Rationale: 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).
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5.2.2.7

Source:
Purpose:
Rationale:
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Audio signals

IEC 60065:2001; IEC 62368-1:2010, Annex E

To establish limits for touch voltages for audio signals.
The proposed limits for touch voltages at terminals involving audio signals that
may be contacted by persons have been extracted without deviation from
IEC 60065:2001. Reference: IEC 60065:2001, 9.1.1.1a). Under single fault
conditions, 10.1 of IEC 60065:2001 does not permit an increase in acceptable
touch voltage limits.
The proposed limits are quantitatively larger than the accepted limits of Tables
5 and 6, but are not considered dangerous for the following reasons:

5.3.2

theoutputis measured withthe foaddisconmected{worst tase toadJ;

defining the contact area of connectors and wiring is (very Wifficult o
complex shapes. The area of contact is consid due t
construction of the connectors;

normally, it is recommended to the user, in the instr antal piq
with the equipment, that all connections be rprade with ¥

“off” condition. In this case we could copsider the insty
person;

in addition to being on, the equipme be playing
program at a high output with onnected to achiev
proposed limits (although possible ' istorically, no |

71V r.m.s;
the National Electrical

ue to
o the

vided
in the
ucted

some
e the
nown
than

with

Safeguard

IEC 1343/11

Figure 4 — Safeguards between an energy source and an ordinary person

5.3.2.1

Source:
Purpose:
Rationale:

Safeguards between energy source ES1 and an ordinary person

IEC/TS 60479-1
No requirement for a safeguard.

Because there is usually no reaction of the human body when touching ES1,
access is permitted (IEC/TS 60479-1; zone AC-1 and zone DC-1). See Figure 4
in this standard.
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5.3.2.2

Source:
Purpose:
Rationale:

5.3.2.3

Source:

Safeguards between energy source ES2 and an ordinary person

IEC/TS 60479-1
At least one equipment safeguard.

Because there may be a reaction of the human body when touching ES2,
protection is required. But 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). See Figure 4 in this standard.

Safeguards between energy source ES3 and an ordinary person
IEC/TS 60479-1

Purpgse:
Rationale:

5.3.3

5.3.3/1

Sourdle:

At least two safeguards, one basic and one supplementary.

Because harmful physiological effects may occur when tg S3,NIEC/TS
60479-1; zone AC-3 and zone DC-3), protection is reg ding after a
fault of one safeguard. See Figure 4 in this standard,

Protection of an instructed person

Instructed person

- 4-.

IEC 1344/11

ards between ES1 or ES2 and an instructed person
IEC/TS 60479-1

Purpose:
Rationale:

No requirement for a safeguard.

For ES1: because there is usually no reaction of the human body when
touching ES1 access is permitted (IEC/TS 60479-1; zone AC-1 and zone
DC-1). (See Figure 5 in this standard.)

For ES2: An instructed person is instructed that there may be a reaction of the
human body when touching ES2 but no harmful physiological effects may occur
when touching ES2 (IEC/TS 60479-1; zone AC-2 and zone DC-2). (See
Figure 5 in this standard).
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5.3.3.2

Source:
Purpose:

Rationale:

5.3.4

- 20 - TR 62368-2 O IEC:2011(E)

Safeguards between ES3 and an instructed person

IEC/TS 60479-1
At least two safeguards, one basic and one supplementary.

Because harmful physiological effects may occur when touching ESS3,
(IEC/TS 60479-1; zone AC-3 and zone DC-3), a protection is required including
after a fault of one safeguard. (See Figure 5 in this standard.)

Protection of a skilled person

5.3.4.

Source:
Purpad

Ratiomale;

SHE ause there is usually no reaction of the human body |when
i g E 1 access |s permitted (IEC/TS 60479-1; zone AC-1 and zong DC-

R: A skilled person has the knowledge that there may be a reactjon of
hdman body when touching ES2, but that there are no harmful
physiological effects when touching ES2 (IEC/TS 60479-1; zone AC-2 and
zone DC-2). (See Figure 6 in this standard.)

5.3.4.2

Purpose:

Rationale:

5.3.5

5.3.5.2

Purpose:

Rationale:

Safeguards between ES3 and a skilled person

Unintentional contact has to be prevented.

A skilled person has the knowledge that there may be harmful physiological
effects when touching ES3. (See Figure 6 in this standard.)

Safeguards between energy sources

Safeguards between ES1, ES2 and ES3

At least one basic safeguard between ES1 and ES2.

ES1 could be accessible for an ordinary person; ES2 should not therefore, the
same protection as for ES2 applies (see 5.3.2.2).
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Purpose:
Rationale:

Purpose:
Rationale:

At least two safeguards between ES1 and ES3, one basic and one
supplementary.

ES1 could be accessible for an ordinary person; ES3 should not, even after a
single fault, therefore the same protection as for ES3 (see 5.3.2.3).
Example of determination of ES1 class for interconnected sources.

ES1 circuits must be examined for voltage and current for both normal
operating condition and single fault condition. If the voltage does not exceed
the ES1 limit or, under single fault conditions, the ES2 limit, then the current
does not need to be measured. Several examples are provided.

A EXA
normal ope,( ting c{\nq tions
olts G
A [Ko 2&0 )8 r/a
I B B 20 L 0S \o 0 | rda
C oo~ 0 | 40 [ d/a
D[N .1 60| 0 [da
C /By nfa~n/2 | n/a | n/a | n/a
40V d.c )
D
I B
Alllvoltages are within I|m Term s A Wd E may be accessible. If A, B, C,or D is
connected to E, the results he_sam ?\
%&%}\ult onditions (capacitor short-circuit)
EXAMPLE B
single fault conditions
\> volts d.c.
4 V A B C D E
A 0 40 | 40 | 80 | p/a
B 40 | O 0 | 40 | p/a
C 40 | O 0 | 40 | p/a
D 80 | 40 | 40 0 n/a
C E n/a | n/a|n/a|n/a]|pla
40V d.c
D
L LE
L IEC 1347/11
All voltages that exceed ES1 limits are within ES2 limits (shown in italics, blue if color is available), therefore
the two sources are ES1.
The capacitor is not required to be a safeguard.
Terminals A, B, C, D, and E may be accessible. If A, B, C, or D is connected to E, the results are the same.
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5.3.5.3

Purpose:

Rationale:

5.3.6.2

Source:
Purpose:

- 22 - TR 62368-2 O IEC:2011(E)

Protection of ES2 against ES3
At least two safeguards between ES2 and ES3, one basic and one
supplementary.

ES2 could be accessible for an instructed person or after a single fault for an
ordinary person; ES3 should not, even after a single fault. Therefore the same
protection as for ES3 applies (see 5.3.2.3 and 5.3.3.2).

Contact requirements

IEC 61140:2001, 8.1.1; IEC 62368-1:2010, 4.3
Determination of accessible parts for adults and children. Tests are in

Ratiorl\ale:

5.3.6.8

5.3.6.

Sour
Purpgse:

Rationale:

5.4

Ratiompale:

5414

TEC©62368-172010, Annex V-

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

down Mwillfoccur

Compliance

The reason for accepting different requiremen ¢ is berause
you cannot expect your supplier to make differe ; for each end
application.

Terminals for connecting stripped
IEC 60065

and\compliance criteria are taken from the
oferly WG6) as well as from TC 108 MT1.

needs
mechanical strength, frequency of the working
environment (temperature, pressure, humidity and

e the electric strength, thermal strength, mechpnical
on the grade of safeguard (basic safeguard, suppleméntary

nts complying with their component standards (for exgmple,
-14 for capacitances) have to be verified for their application].

Insulation

Source:
Purpose:

Rationale:

5.4.1.4

Source:
Purpose:

Rationale:

IEC 60664-1 (IEC 62368-1:2010, 5.4.2 and 5.4.3)
Provide a reliable safeguard

Solid basic, supplementary, and reinforced insulation shall be capable of
durably withstanding electrical, mechanical, thermal, and environmental stress
that may occur during the anticipated lifetime of the equipment.

Frequency

IEC 60664-4
To address insulation requirements for frequencies above 30 kHz.

Above 30 kHz, IEC 60664-4 identifies deteriorating means, and effects need to
be considered.
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5.4.1.5 Maximum operating temperatures for insulating materials
Source: IEC 60085, IEC 60364-4-43, ISO 306, IEC 60695-10-2
Purpose: Temperature limits given in Table 14:

— limits for insulation materials including electrical insulation systems,
including winding insulation (Classes A, E, B, F, H, N, R and C) are taken
from IEC 60085 (see IEC 62368-1:2010, G.7);

— 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 nmarking of 70— Care referenced i tEC66364-4-

43 for an ambient temperature of 25 °C;
— limits for thermoplastic insulation (5.4.1.4) are based 6
« data from Vicat test B50 of ISO 306;

. of the
. m the
mains.
5.41.p Pollution degrees
Sourdle: IEC 60664-1
Purpgse:
Ratiompale: uded,
n the
5.4.1.
Sourdle:
Purpag
Rationale: d A g the

5.4.1.

Sourdle:

Purpad

a test voltage as given in 5.4.11.1; or
c) simulate the internally generated pulse trains by means of an external|pulse

generator, with—a peak thatis ot tess—thamthe—peakof the—test—voltage
determined in 5.4.11.1 and whose pulse width is not smaller than the pulse
width of the starter impulse.

5.4.1.9 Determination of working voltage
Source: IEC 60664-1:2007, 3.5; IEC 60950-1
Rationale: The working voltage does not include short duration signals, such as

transients. Recurring peak voltages are included. (Transient overvoltages are
covered in the required withstand voltage). Ringing signals are not carrying
external transients.
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5.4.1.9.1

5.4.1.9.2

Source:
Purpose:

Rationale:
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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.
See |[EC 60664-1:2007, 3.5.

5.4.1.L.

Source:
Purpgse:

Ratiompale:

5.4.1.

Sourdle:
Purpad

Ratiompale:

5.4.2

5.4.2.

Sourdle:

Purpgse:

Peak working voltage

IEC 60664-1:2007, 3.8

The peak working voltage is used when determi
withstand voltage for minimum clearances and
strength test.

In other product safety standards “Circuit sdpylie mains” has| been
used for a “primary circuit”. “Circuit isolated - ) as been uskd for

a “secondary circuit”.

pulse
ectric

ternal

g, the
taken

itions
part.
than

pulse
withstapd voltage for that clearance. This concept is taken from IEC 6{0664-

1:2007, 5.1.
To provide a reliable safeguard.

Rationale:

Overvoltages and transients that may enter the equipment, and peak voltages
that may be generated within the equipment, do not break down the clearance
(IEC 60664-1:2007, 5.1.5 and 5.1.6).

Minimum clearances of safety components shall comply with the requirements
of their applicable component safety standard.

Clearances 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 that 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
likelihood and hazard potential.
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5.4.2.2 Compliance

Source: IEC 60664-1:2007, 5.1.1

Rationale: IEC 62368-1:2010, Annex O figures are similar/identical to figures in
IEC 60664-1.
Tests of IEC 62368-1:2010, Annex T simulate the occurrence of mechanical
forces:

— 10 N applied to components and parts that may be touched during operation
or servicing. Simulates the accidental contact with a finger or part of the
hand;

— 30 N applied to internal enclosures and barriers that are accessible to

ordimary persons. Simutates accidentatcontact of part of the ftand;

— 100 N applied to external enclosures of transportgble mpment and
handheld equipment. Simulates expected force i 5e  or
movement;

— 250 N applied to external enclosures (except T.4).
Simulates expected force applied by a bod f the
equipment. It is not expected that such forces D6 ied ottom
surface of heavy equipment (> 18 kg).

During the force tests metal surfaces sh S ortact with parts at

hazardous voltage.

5.4.213 Procedure for determining minj

Sourcie:

Rationpale:

5.4.2.41

Sour

Rationale:
ed by

and

ts on
ly for
r the
peak

Rationale: The expected transient is independent from the application (telecom; LAN or

other). Therefore, it is assumed that for all kinds of applications the same
transient appears. The value 1,5 kV 10/700us is taken from ITU-T K.21.

Purpose: It is expected that external circuits using earthed coaxial cable receive no
transients that have to be taken into account from sources outside the building.

Rationale: Because of the earthed shield of the coaxial cable, a possible transient on the
outside cable will be reduced at the earthed shield at the building entrance of
the cable.

Purpose: It is expected that for external circuits within the same building no transients

have to be taken into account.
Rationale: Practical approach, no real technical data available
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The transients for an interface are defined with respect to the terminals where
the voltage is defined. For the majority of cases, the relevant voltages are
common (U.) 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 7 in this standard shows the definition of the various voltages
for paired-conductor interface.

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 prnfnr\fi\/n earth  functional garth inside or immnrliofnly outsid the
Iy

equipment. It is assumed that all earths are bonded together~Figure 8.in this
standard shows the definition of the various voltage Qaxialicable
interfaces.

®
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EUT

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

Paired conductor interface — shielded cable

EUT

Local earth (concrete floor, met

Paired conductor interface — unshiel

Flgure 7 — lllustration of transient voltages on paired conductor external circuif
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EUT

Local earth (concrete floor, metal plumking, etc.)

Coaxial cable interface —earthed at both ends

EUT

hed at building entrance
hed at equipment

Table
Purpo

Ratiompale;

5.4.2.51 Mains transient voltages

Source: IEC 60950-1 and IEC 60664-1:2007 (3.1)

Rationale: The rules are developed in alignment to IEC 60664-1.

5.4.2.5.2 DC source transient voltages

Rationale: Transient overvoltages are attenuated by the capacitive filtering.

5.4.2.5.4 Combination of transient voltages

Rationale: Clearance is affected by the largest of the determined transients. The

likelihood of their simultaneous occurrence is very low.
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5.4.2.6

Rationale:

5.4.2.7

Source:

Rationale:

Measurement of transient voltage levels
Test method is taken from IEC 60950-1:2005, Annex G.

Determination of the minimum clearances

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

Values in Tables 18 and 17 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 calculated in accordance with 5.1.6 of IEC 60664-1:2007. For

rainforcadincilation 5 41 8 ctatnc olaaranen chall ha 0 tha ~arracnan dina rated
FettrereeatHhstHatohi—o—1-o-States—erearahee-—Snamrpbe—+to—the COCopPoTeTTyg

5.4.2.

Source:
Purpgse:

(2]

[V]

Ratiompale:

impulse voltage that is one step higher for voltages in the pfeferred serieg. For
voltages that are not in the preferred series, the clearancge| should\be\based on
160 % of the required withstand voltage for basic insulation.

When determining the required withstand volta 4.2.7,
interpolation should be allowed when the interng s are
higher than the mains peak voltages, or if th ge is

above the mains transient voltage values.

as it is unlikely that such conditions 2
scope of the standard.

For frequencies above 30 kHz the

alues

2007,
alues
hble 6

hat is

to the next higher 0,1 mm increment. In case the calculated

an the value in the next row, the next row may be used.
erial: Most commonly used material is polyester resin or polyelster
Rielectxic constant for Polyester: 5 (can vary)
Dielectfic constant for air: 1

Formula used for calculation (voltage divides inversely proportional 110 the
dielectric rnnefnnf)

Transient = 2 500 V = 2 500 (thickness of enamel/5 + air gap/1) = 2 500 (0,04 /
5+ 2/ 1 for 2 mm air gap) = 2 500 (0,008 + 2) = (10 V across enamel + 2 490
V across air gap)
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Table 6 — Voltage drop across clearance and solid insulation in series

TR 62368-2 O IEC:2011(E)

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 21
Material: Polyester, dielectric constant = 5
0,04 2 2 500 2490 10 2 950 12 2938
0,04 1 2 500 2480 20 2 950 /24\ 2 P26
0,04 0,6 2 500 2 467 33 2 950 /Q 39 2p11
For|2 500 V peak impulse (transient for 230 V system), the homogenous field i m ({gon] Table
A.1|of IEC 60664-1:2007). Our test voltage for 2 500 V peak is 2 950 V peakf m Kable 21 Th| meapq that a
minimum distance of 0,79 mm through homogenous field needs to be maj impulse
tes{. This gives us a margin of (0,19/0,6) x 100 = 3,2 %. In actual practiCe, th igher ps it is
not|a true homogenous field. Therefore, we do not need to verify complia i are always on
the|safe side. ?p\ N
Materjal: Polyamide, dielectric constant = 2,5 YN )
0,04 2 2 500 2 480 ;z( 2\@ 23 227
0,04 1 2 500 2 460 ko ()] <S50 46 2boa
0,0l 0.6 2 500 35 W8 [ D)2 950 76 2p74
For|2 500 V peak impulse (transient for 230\V syste the homWeld distance is 0,6 mm (fron| Table
A.1|of IEC 60664-1:2007). Our test voltage fo 2 95 ak from Table 21. This meanq that a
minimum distance of 0,78 mm through homggenous field Reeds\to be maintained to pass the 2 950 V impulse
tes{. This gives us a margin of (0,18/0,6) x|100 0 %« ractice, the distance will be higher, s it is
not|a true homogenous field. Kherefore, we \do nat need to verify’compliance with Table 20. We are alwjays on
the|safe side.
5.4.2.9 \tltud_es)\rﬁgher than 2 000 m above sea level
Sourge: r case A using impulse test
Purpgse: r impulse voltage or a.c. voltage with the valles of
tion factors for altitudes higher than 2 000 m
Rationale: Qped Aising Figure A.1 of IEC 60664-1:2007, curve number 2
5.4.3
Sourge:
Purpgse: ent flashover along a surface or breakdown of the insulation
Rationale; e safeguard integrity.

In [EC 60664- 1'2007 Table F.4 columns 2 and 3 for printed wiring boards are
latad o thara 1o oo rotionola for tha o aonall araanana dicto oo

da. a th. ot 2l fo ’AH S for
TTTCTC O aS—thefe—IS—ho—fatohRare—Tor veTy oSrrralt uluuyuyu TTSTarrov

tha
e

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).

Moreover the creepage distances for printed boards in columns 2 and 3 are in
conflict with the requirements in G.18.3 (Coated boards). Consequently the
values for voltages up to 455 V in Table G.12 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.
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5.4.3.2.1

Source:
Purpose:

Rationale:

5.4.3.2.2

Sourdle:

Ratiompale:

5.4.3.8

Sourdle:

Ratiompale:

5.4.4

Sourdle:
Purpgse:

Ratiomale(

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

Test conditions

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

Annex O figures are similar/identical to figures in IEC 60950-1 and
IEC 60664-1.

10 N applied to components and parts that are likely (to beNtouched| by a
skilled person during servicing, where displacement o

— 100 N applied to external enclosures
handheld equipment. Simulates exp
movement.

equipment and
during uge or

- in| T.4).
Simulates expected fo ce whe y agai he equipment surfacg. It is
not expected that su € . the bottom surface of heavy
equipment (> 18 kg).

Creepage distances are C performing the force tests of Ann¢x T.

oprevent breakdown of the solid insulation.
To preserve safeguards integrity.
Exclusion of solvent based enamel coatings for safety insulations are basled on

5.4.4.2

Source:
Purpose:

Rationale:

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.18), the solid insulation shall meet the
requirements of 5.4.4.4 — 5.4.4.7 as applicable.

Minimum distance through insulation

IEC 60950-1

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.
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The wire standards did not distinguish between grades of insulation, and
required 0,4 mm for PVC insulation material. This value was considered
adequate to protect against electric shock when touching the insulation if it was
broken. This concept was also introduced in VDE 0860 (which evolved into
IEC 60065), where the 0,4 mm value was discussed first. For IT products this
value was first only accepted for inaccessible insulations.

The VDE standard for telecom equipment (VDE 0804) did not include any
thickness requirements, but the insulation had to be adequate for the
application.

The standard VDE 0730 for household equipment with electric motors
introduced in 1976 the requirement of an insulation thickness of 0,5 mm

5.4.4.

Source:
Purpgse:

W

)

Ratiopale:

54485~ Insulating compound forming cemented joints

Source:
Purpose:

Rationale:

betweermmput—anmd—output—windimgsof @ transformer—T tis—wasimtroduced by
former colleagues from IBM and Siemens (against the poSition of the ‘deople
from the transformer committee).

Also VDE 0110 (Insulation Coordination, which evo

50664
upply

These 0,5 mm then evolved into 0,4 mm (in IEC i nce to
VDE 0860 (IEC 60065), where this value wa i

It is interesting to note that the 0,31 mr 2d f 2A of
IEC 60950-1:2005, has also a relat|o to the 0 4 . i iimum
i 9 i g from

Insulating compound fe

IEC 60950-1
and

equirements as for solid insulation|apply
thermal cycling (see 5.4.7), humiditly test
ric treth test (see 5.4.11). Insulation is inspectgd for

e testing of 5.4.11.1 (electric strength testing at 160 % of the
value after thermal cycling and humidity conditioning), and routine

IEC 60950-1

Three versions of joints are addressed:

a) if the distances along the path comply with the clearances and creepage
distances for Pollution degree 2, no testing is required;

b) if the distances along the path comply with the clearances and creepage
distances for Pollution degree 1, the test for PD 1 (see 5.4.8) is required;

c) if the distances along the path are less than the distances for pd 1, the
requirements for distance through insulation of 5.4.4.3 apply. The samples
have to pass the tests of 5.4.11 (electric strength testing at 160 % of the
normal value after thermal cycling and humidity conditioning).

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

d) and c) are 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.

5.4.4.6.1 General requirements

Source: IEC 60950-1, IEC 61558-1:2005

Purpose: No dimensional or constructional requirements for insulation in thin sheet
material used as Basic Insulation, is aligned to the requirements of IEC 61558-
1:2005.
Two or more layers with no minimum thickness are required supplem ntary

or reinforced insulation, provided they are protected st “external

mechanical influences.

Each layer is qualified for the full voltage for sug orced
insulation.

Rationale: The requirements are based on extensive té sheet
material by manufacturers and test houses jr £108)
work.

5.4.4.6.2 Separable thin sheet material

Source: IEC 60950-1

Purpdgse: For two layers, test ea br the
applicable insulation gras ayers
together with the electric lation

grade.

Each layer j
insulation.

age for supplementary or reinforced

Rationale: extensive tests performed on thin [sheet
houses involved in IEC TC74 (now T{£108)

5.4.46.3

Source:

Rationale: teshi eparable layers, all the layers must have the same material

not, samples of different materials must be tested as giyen in
for separable layers. When testlng non-separable layers, the pripciple

hen Xesting two separable layers, each layer is tested for the required test
voltages Two layers get tested for two times the required test voltage as| each

layer is tested for the required test voltage. When testing two non-separable
Iayers the total test voltage must remain the same, for example, two tlmgs the
; = 00 %
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.
5.4.4.6.4 Standard test procedure for non-separable thin sheet material
Source: IEC 60950-1
Purpose: Test voltage 200 % of Uiy if two layers are used.
Test voltage 150 % of Uy, if three or more layers are used.
Rationale: 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.
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5.4.4.6.5

Source:
Purpose:

Rationale:

5.4.4.7

Source:
Purp

Rationale:

5.4.4.9

Sourge:
Purpdse:

Ratiopale:

5.4.5

Sourdle:
Purpo

Ratiopale:

5.4.6

Sourdle:
Purpo

- 34 - TR 62368-2 00 IEC:20

Mandrel test

IEC 61558-1:2005, 26.3.3
This test should detect a break of the inner layer of non-separated foils.

11(E)

This test procedure is taken from IEC 61558-1:2005, 26.3.3, and the test

voltage is 150 % Uy, OF 5 kV r.m.s., whatever is greater.
NOTE Same requirement as in [IEC 60950-1:2005, and IEC 60065:2001.

Solid insulation in wound components
IEC 60950-1, IEC 61558-1

insulation between windings

Requirements have been used in IEC 60950-1 for man
to IEC 61558-1.

Solid insulation requirements at frequencies
IEC 60664-4

4:2005. Testing of solid insulati
detailed in 6.2 of IEC 60664-4:2

5 and

igned

es at

0664-
cy as

ent at
harge
kV is
ing a
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Area accessible to an Insulation serving as
supplementary safeguard

ordinary person

Clearance and creepage
cistances for reintorced
msnlation for ES3

Another ES3 part~"

Insulation basic
safeguard for ES82
ale part at EST o
voltage level isolated
the mains by basic

IEC 1350/

-

Rationpale: rom ES3 by basic insulation only nejeds a
e wiring is reliably routed away so that it will not
the Ordinary person, then smaller than 0,4 mm thick

as been accepted in IEC 60950-1. But the insylation
ih minimum thickness together with electric stjength

. The given values have been successfully used in prqducts

5.4.7 g test procedure

Source: S ; Alternative: IEC 60664-1:2007, 6.1.3.2

Purpgse: ulate lifetime aging of materials.

Rationale; To aveid insulation breakdown during the expected life-time of the producj.

5.4.8 nd

Source: IEC 60950-1

Purpose: To simulate a Pollution degree 1 environment. Sequence: thermal cycling,
humidity conditioning, electric strength testing.

Rationale: To avoid cracks or voids in the insulating material to maintain the integrity of
the insulating material.

5.4.9 Tests for semiconductor components and for cemented joints

Source: IEC 60950-1

Purpose: To simulate lifetime stresses on adjoining materials.

Sequence: thermal cycling
One sample: electric strength testing at 160 % of test voltage
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Rationale:

5.4.10

Source:
Purpose:
Rationale:
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Two samples: Humidity conditioning, electric strength testing at 160 % of test
voltage.

To detect defects by applying elevated test voltages after sample conditioning.

To avoid voids, gaps or cracks in the insulating material and delaminating in
the case of multilayer printed boards.

Humidity conditioning

IEC 60950-1 and IEC 60065. Alternative according to 60664-1:2007, 6.1.3.2
Material preparations for dielectric strength test
Prerequisite for further testing.

5.4.1

Sour

Purpgse:
Rationqale:

Tabl

Sour
Purpgse:
Rationale:

Electric strength test

Values of test voltages are derived from Table F. 2007,

however the test duration is 60 s.

Current should not flow as a result of the applicatis
To avoid insulation breakdown.
f this

B a.c.
ferent
ages.
st is
ities.

1l]hat is
orced
eries.
basic
other

e any

tages

due to the greater stress to the insulation.

Recurring peak voltages (IEC 60664-1, 5.3.3.2.3) need to be considered, when
they are above the temporary overvoltage values, or in circuits separated from
the mains.

If the recurring peak voltages are above the temporary overvoltage values,
these voltages have to be used, multiplied by the factor given in IEC 60664-1,
5.3.3.2.3 (1,32 x UID for basic Insulation, or 1,65 x Up for reinforced insulation).

Table 33 — Test voltages for electric strength tests based on temporary overvoltages

Source:
Purpose:

IEC 60664-1
Dielectric strength test.
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Rationale:

Temporary overvoltages (IEC 60664-1, 5.3.3.2.2) need to be considered as
they may be present up to 5 s.

Example:
The insulation in question is part of mains connected circuits:
a) the rated mains voltage is below 150 V r.m.s:

The temporary overvoltage is U, + 1200V =1 320 Vr.m.s. or 1 910 V peak for
150 V mains voltage;

b) the rated mains voltage is above 150 V r.m.s:

The temporary overvoltage is U, + 1200V =1 440V rm.s. or 2 110 V peak for
over 150 V mains voltage.

5.5.2{1

Source:
Purpdse:

Ratiopale:

5.5.2.

Source:
Purpdse:

(2

@

Ratiopale:

5.5.2.

Source:
Purpdse:

~

[]

Rationale:

5.5.2.

Sourge:
Purpdse;

[

Ratiopale:

General requirements

Relevant IEC component standards

The insulation of components has to be in co
insulation requirements of 5.4.1, or with the safet
IEC standard.

evant
evant

quate

evels

tion.

basic

Engineering practice.

5.5.2. Other components as a basic safeguard between ES1 and ES2
Purp : i i ifi i inj 1 two

Rationale:

5.5.3.1

Source:
Purpose:

Rationale:

components.

The likelihood of a fault of these two components is comparable with the
likelihood of a fault of one specific component generally used as basic
safeguard (same acceptable risk).

General requirements

Relevant IEC safety standard.

The insulation of components has to be in compliance with reinforced
insulation requirements of 5.4.1, or with the safety requirements of the relevant
IEC standard.

Reinforced insulation is accepted in general. Safety requirements of a relevant
standard are accepted if they are adequate for their application, for example,
Y1 capacitors of IEC 60384-14.
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5.5.3.6 Resistors
Source: IEC 60950-1
Purpose: Resistors have to pass specific high voltage tests and have to have reinforced
insulation between the terminals.
Test G.14.
Rationale: Engineering practice.
5.5.4 Insulation between the mains and an external circuit consisting of a
coaxial cable
Source: IEC 60065
Purp<1$e: Resistors have to pass the voltage surge test or impulse te
Rationale: Engineering practice
5.6 Protective conductor
See Higure 10 in this standard for an overview of protective eafthin bgnding
condyctors.
Protective conductor
conductor provided for,
for example protecti
| —
/protective earthing conductor otective bonding conductor \

main protective earthi inai equipment, or a combination of

the equipment to an &aft int\ conductive parts in the equipment,

the buildin connecting a main protective earthing

earthing terminal to a part of the equipment that
is required to be earthed for safety

Example: eay purposes

cord

ctive conductor in the

Example:all earth connections, including

\ Qing.within the equipment )e/
<\\f \ G111

N
\>igure 10 — Overview of protective conductors

5.6.1

Source:
Purpose:
Rationale:
Purpose:
Rationale:
Purpose:

Rationale:
Purpose:

Rationale:
Purpose:

General requirements
IEC 60364-5-54, IEC 61140, IEC 60950-1

No excessive resistance and sufficient current-carrying capacity
Shall carry fault current and keep the touch voltage low.

Shall not contain switches or overcurrent protective devices.

No possibility to interrupt the conductor.

Disconnection or protective contactor shall not interrupt conductors to other
parts.

To keep earth integrity.

Protective bonding conductors shall make earlier and break later than the
supply connections.

To keep earth integrity.
Not be subjected to significant corrosion (see Annex N).
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Rationale:

5.6.3

Source:
Purpose:
Rationale:

5.6.4

Source:
Purpose:

Keep earth integrity

Colour of insulation

IEC 604461
Insulation shall be green-and yellow.
For clear identification.

Test for low current-carrying protective conductors

IEC 60950-1
Maximum current 1,5 times the maximum available current.

Ratior|1ale:

5.6.5.2

Sourdle:
Ratiopale:

5.6.6

5.6.6./1

Sourdle:
Rationale:

5.6.6.2

Sourdle:
Rationale:

5.6.6.3

Sourdle:
Rationale:

Ratiopale:

5.6.7

To demonstrate the current capability, no fire hazard.

Fault current-carrying protective conductors

IEC 60364-5-52
To demonstrate the fault current capability.

Protective conductors as a supplementa e

General
IEC 60364-5-52

To demonstrate the of the
termination.
IEC 60950-1

of the

gult current capability and the capability of the

emonstrate the fault current capability and the capability of the

Source:
Purpose:

Rationale:

brced

IEC 60364-5-54, IEC 60950-1, IEC 60227, IEC 60245

The reinforced protective conductor and its termination have to be robust
enough so that the interruption of the protective conductor is prevented in any

case (interruption is not to be assumed).

See also 5.6.6.

The permanently connected equipment provides reliable earthing.

The dimension is similar to a PEN conductor as in IEC 60364-5-54 (> 10

mm?2)

or the PE conductor is protected by the sheathed supply cord. Mechanical

protection is made to achieve robust earth connection.

1 This publication was withdrawn.
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Pluggable type B is also acceptable as IEC 60309 type plugs are more reliable
and earth is always present as it is wired by an electrician. According to IEC
SC23H the following tests apply for industrial plugs and sockets:

— 5 000 (for 16 A accessories) insertions and withdrawals of the plug and
socket (no current on the earth connection) followed by

e a temperature rise test (this test is performed also on the earth
connection); and
« a withdrawal test to verify the reliability of the connection.

Sheath thickness of a cord larger than 0,6 mm and a screen in accordance with

IEC 60227 or IEC 60245 series of standards [(heavy duty PVC sheathed
flexible cord according ta IFC 60227 (designation 60227 |FC 53 |FC 54, and

5.6.8

Source:
Purpgse:

Ratiompale:

5.7

Source:
Purpa

5.7.5

Figure 11 i
single
IEC 6

IEC 57)] or heavy duty rubber-sheathed flexible cord according to IEC 60245
(designation 60245; IEC 53, IEC 54, and IEC 57).

Conductor terminations according to Table 36 hgy liable
connection means for products complying with IEC 6 S.
Reliable earthing

IEC 60309 (plugs and socket outlets for indy

To describe reliable earthing as i ected

equipment, pluggable equipment type F » able type A when the hazard
is coming from the mains or from an i

earth
uit.
ble as
mains
7.1.
bming
ipment
gets

from
ind in

Point of connection

to supply
T wwalbty/ L
\
\
Supply ‘
o N
l}—(?i
(neutral fault) |
(earthing conductor | EUT
fault) PE
e I
- B\_A

Measuring network
IEC 1080/99

Figure 11 — Example of a typical touch current measuring network
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5.7.6

Source:
Purpose:

Rationale:

5.7.7

Source:

Protective conductor current

IEC 61140, IEC 60950-1

The protective conductor current shall not exceed 5 % of the measured input
current.

The 5 % value has been used in IEC 60950-1 for a long time and is considered
acceptable. The 5 % value is also the maximum allowed protective conductor
current (7.5.2.2 of IEC 61140:2001).

Prospective touch voltage and touch current due to external circuits

IEC 60728-11, safety requirements for cable networks for TV signals, sound

5.7.8

Source:
Purpgse:

Rationale:

Clau1e 6
Ratio

6.2

Ratiopale:

ale:

Signals and Interactive aevices

Summation of touch currents from external circuits

IEC 60950-1

To avoid excessive touch currents when se
connected.

When limiting the touch current value to eachr™®
be connected together before reaching the
better utilization of resources.

p are

B\ moré circuifs can
¥mit. This allows

Electrically caused firg

Electrically-caused fire % onversion of/ electrical energy to thermal
energy, where the ther material to pyrolyze the solid
of oxygen. The resulting mixtyire is
e/which is followed by combustjon of
if exothermic or with add|tional
lectrical source, can be sustained and

se 0.2, Figure 5) for electrically (internally) caused
ation”of a potential ignition sources from combystible

ited fuels and adjacent fuels or to fuels located ofitside

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

ep in the application of this clause is to determine which gnergy

available to each circuit can first be evaluated to determine the energy
avaitabfe to a circuit. Then each point or component within a circuit can be
tested to determine the power that would be available to a fault af that
component. With this information each part of the component energy squrces

6.2.2

Source:

Rationale:

within the product can be classitied as either a specitic ignition source or a
component within a power source.

Throughout the clause, the term “reduce the likelihood of ignition” is used in
place of the terms “prevent” or “eliminate”.

Power source circuits classifications

IEC 60950-1, IEC 60065

These power source classifications begin with the lowest available energy
necessary to initiate an electronic fire (PS1) and include an intermediate level
(PS2) where ignition is possible but the spread of fire can be localized with
effective material control or isolation safeguards. The highest energy level
(PS3), assumes both ignition and a potential spread of fire beyond the ignition
source. Criteria for safeguards will vary based on the type of power source that
is providing power to the circuit.
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6.2.2.2

Ratiompale:

6.2.2.3

thesemeasurements tam be made anywihere withima circuit:
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This power measurement and source classification are similar to LPS test
requirements from IEC 60950-1 but are applied independently and the criteria
limited to available power as opposed to in combination of criteria required in
IEC 60950-1.

All circuits and devices connected or intended to be connected as a load to
each measured 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,

When evaluating equipment (peripherals) connected (via tE an
equipment port or via cable, the impedance of any cophectj mpay be
taken into account in the determination of the PS clagsificati sf @ sonnected
peripheral. Therefore, it is acceptable to make the supply
connector or after the cable on the accessory side"

The location of the wattmeter is critical, as the total pe ilable from the
power source (not the power available to 8 during
each fault condition. As some fault current by a protective
device, the time and current breaking/charasteristics of\the protective device

This test method assumes a sing er the power source or the¢ load
i 3 nes hoih:

b) any fault within the 0O ~ upplying power to the circuit |being
classified,
each conditidn ai i pendently.

ig” considered the PS circuit classification

es the maximum power available from a power
under normal operating conditions to any ¢ircuit
NOWEr source, assuming any single fault condition withjin the
assified. This power measurement assumes normal opefrating
gtablished before applying the single fault to any device or
thé load circuit to determine the maximum power availablg¢ to a
a fault.

his is\different for potential ignition source power measurements where the
measuped power available is that at the fault location.

Power measurement for worst-case power source fault

Rationale:

6.2.2.4

Source:

Rationale:

This test method determines the maximum power available to a normal load
from a power source assuming any single fault within the power source. A
power source fault could result in an increase in power drawn by a normal
operating load circuit.

PS1

IEC 60065, IEC 60695, IEC 60950-1

A PS1 source is considered to have too little energy to cause ignition in
electronic circuits and components.

The requirement is that the continuous available power be less than 15 W to
achieve a very low possibility of ignition. The value of 15 W has been used as
the lower threshold for ignition in electronic components in many standards,
including IEC 60950-1 and IEC 60065. It has also routinely been demonstrated
through limited power fault testing in electronic circuits.
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— In order to address the ease of measurement, it was decided to make the

15 W measurement after 3 s. The value of 3 s was chosen to permit ease of
measurement. Values as short as 100 ms and as high as 5 s where 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).

— The 500 W value was chosen as a reasonable short term value for circuits

that normally operate at 15 W or less. It was considered important to limit
the initial power levels, however the choice of the value was not considered

critical Maost small POWEr-SOUFces that-areotherwiselimitedto-45 W _would

6.2.2.p

Sourdle:

Ratiompale:

not be expected to have a very high initial power.

— In principle the measurements are to be made per'|caIIy mple,

r3s,

the power would “never” exceed 15 W.
Historically telecommunication circuits (Table 1) are

d the

dnition
d the
fault
earby

more
ion and

where
e not

ig" commonly used in some building or fire codes to
power wiring can be used outside of fire containing

pso 2 x 50 W, which can be related to the energy of standard
ignition sources (IEC 60695-11-10 test flame) on which our[small
ating flammability classes are based. It is recognized that the
ion of electrical energy to thermal energy is far less than 100 [%, so
alue is compatible with the safeguards prescribed for PS2 circuits,
iCh are generally isolation and V-rated fuels.
The 5 s measurement for PS2 ensures the available power limits arg both

I.m:{-nrl nnrl nrnr\hnnl an- Hnn SHBOSeSs of mnnonrnmnn{- 'I'lnn \lr\lllr\ |o nlo Used
O

||||||| P | SASLE SA-ASASE

in [EC 60950 series as referenced above. No short term limits are considered
necessary, as possibility of ignition is presumed for components in these power
limited circuits, recognizing that it generally takes 10 s or more for
thermoplastics to pyrolyze and then ignite when impinged directly by a small
50 W flame.

Reliability of overcurrent devices (such as those found in IEC 60950 series) is
not necessary as these circuits are used within or directly adjacent to the
product (not widely distributed like IEC 60950-1 LPS circuits used for
connection to building power). The reliability assessment for PS2 circuits that
are intended to be distributed within the building wiring is addressed for
external circuits later in this standard.
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6.2.2.6

Rationale:

6.2.3

Rationale:
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PS3

PS3 circuits are circuits that are not otherwise classified as PS1 or PS2 circuits
— No classification testing is required as these circuits can have unlimited
power levels. If a circuit is not measured, it can be assumed to be PS3.

Classification of potential ignition sources

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

6.2.3.

Sourdle:

Rationale:

Ignition sources are classified on their ability to eithe
excessive heat (resistive). It is important to distinguish |the
source as distances through air from arcing parts vs,
sources vary due to a higher thermal loss in radiate
conducted flame or resistive heat impinging dire
material.

or .dispipate
ignition
ignition
red to
e fuel

Arcing PIS
IEC 60065
Arcing PIS are considered to repres Rerg bsults
from the conversion of electrical gngrg i impi rectly

Power levels below 15 te an
electrical fire in electronic circtits used in IEC 60065 (se¢ also
6.2. 1)

50065

I of a
solder
ile, an
below
direct
rough

ing PIS

raw
rrent.

below 300V is generally the result of a disconnection of cyrrent-
carrying connections rather than the mating or connection of poteptially
current-carrying connections.

6.2.3.2

Source:

Once the basic parameters of voltage and power are met, there are 3
conditions for which safeguards are required:

— those that can arc under normal operating conditions,

— all terminations where electrical failure resulting in heating is more likely,
and

— any electrical separation that can be created during a single fault condition
(such as the opening of a trace).

Resistive PIS
IEC 60065
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Rationale:

Resistive potential ignition sources can result from a fault that causes over-
heating of any impedance in a low-resistance that does not otherwise cause an
overcurrent protection to operate. This can happen in any circuit where the
power to the resistive heating source is greater than 15 W (see above).

Under single fault conditions, this clause requires that two conditions must
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.

6.3

Ratiompale:

The value of 30 s was used in [EC 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.

Safeguards against fire under normal operating sonditi brmal
operating conditions

The basic safeguard under normal 3 \ ormal
operating conditions is to reduce the dik i imiting
temperature of fuels. This can be done by assuxing that\any ctrical
energy conversion to thermal energy ise y part
beyond its ignition temperature.

S7) Mo fuel gr flame
retardant fue

E

More fuel
56} High thefmal
J resistance o energy
deflector or gnclosure
7 . feledoror g
)
= Initial fuel

L |
55) Mo fuel dr flame
reta

rdant fue

R

S1) Power source less 53R rated for fault 54) High thermal resistance Fire enclosur
than needed to raise fuel condition power. or energy deflector or

temperature to ignition enclosure
temperature.

\ ‘ S

-

Figure 12 — Possible safeguards against electrically-caused fire

There are several basic safeguards and supplementary safeguards against
electrically-caused fire under abnormal operating conditions and single fault
conditions (see Figure 12, Table 7 and Table 8 in this standard). These
safeguards include, but are not limited to:

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

S2) limiting the maximum continuous fault current; limiting the maximum
duration for fault currents exceeding the maximum continuous fault

IEC 1352/11
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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 within the
equipment); or a non-combustible material (f 8. metal or

ceramic);

S6) ensuring high thermal resistance of the the ¥ tra | path
from the initial fuel to more fuel materia 2 i i of the
burning initial fuel from more fuel materia - ire within

the equipment);

S7) ensuring that subsequent mater' hterial
(for example, metal or ceray terial
(prevents sustained fuel the
equipment);

S8) use of a fire-confaining < i ithi ipment)
or an oxygen-regtiating fe (quenches a fire by suffocating it);

S10) use of non-reversible

oM pao d battery connections;
' or example, barriers, mesh or the like)

Rro ectln under abnormal operating conditions and single| fault

e are two methods of providing protection. Either method may be applied

— Prevent ignition: equipment is so designed that under abnormal opefrating

conanions and singie rauit condiuons no part Wil ignite,

— Control fire spread: selection and application of components, wiring,
materials and constructional measures that reduce the spread of flame and,
where necessary, by the use of a fire enclosure.

Thermoplastic softening values or relative thermal indices (RTI) were not
considered appropriate as they do not relate specifically to ignition properties
of fuel materials.

Any device that operates as a safeguard during normal operation (when left in
the circuit) shall be assessed for reliability. If a device is taken out of the circuit
during the normal operation testing then it is not considered as being a
safeguard.
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Abnormal

—47 —

standard for a fire clause flow chart.

operating conditions that do not result in a single fault are
considered in much the same way as normal operating conditions as the
condition is corrected and normal operation is presumed to be restored.
However, abnormal operating conditions that result in a single fault condition
are to be treated in accordance with 6.4 rather than 6.3. See Figure 13 in this

Table 7 — Examples of application of various safeguards

Use of protection devices

N

Cause Prevention/protection methods Safeguard
Start of fire under normal operating Limit temperature of combustible material |Basic
conditions
Start of fire under abnormal operating |Select prevent ignition or control fire S mentary
conditions and single fault conditions |spread method
PB1 circuit Low available power reduces the Iikeliho<§1

of ignition /\

PB2 or PS3 circuit Reduce the likelihood of ignition

Sufficient distance or soli
interposed between any co

material and each p9}e/nﬁl\tg\

PB2 circuit S1, S2
S4, S6
S5
PB3 circuit
contalnmg enclosures S8
use flame-retardant or similar S7
(x materials
Internal and extern WIkn ella le construction S9
>‘mt of wire temperature and use of fire
esistant insulation
F re caused by of\foreign ob cts | Prevent entry of foreign objects S11
amd suhse ent bI’I ing f el cal
tgrmjrialsN ircuits and PS3
cifcui
Mains supp ords Reliable construction S9
Limit of wire temperature and use of fire
resistant insulation
Fire of explosion due to abnormal Limit charge/discharge currents S1
operating conditions of batteries . .
Limit short-circuit currents S2
Prevent use of wrong polarity S10
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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 sprea t ignition

6.4.5
use of specified flame 6.4.3
retardant gr non- single fault condition
combustipfe material | testing
A
6.4.7
separation from PIS

use fire enclosure

Last circuit ? N=N+1

v

i

‘ Wiring, 6.5, Clause G.9 ‘

!

‘ Entering of foreign objects, 6.6 ‘

Figure 13 — Fire clause flow chart
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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

Table 8 — Basic safeguards against fire under

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

ed ventscconmpector

overload, etc. are to be considered just as a normal o tjon 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 rature rise

measurements.

and abnormal operating’con

/)
Normal operating condi ions aW/pe(éXing\b}nditions

The objective of this subclause is to define xequi redeehhood of ignition under hormal
operat|ng conditions and abnormal operatlng c d|t|

Ignition is no aIIo e

igniti temperature according to ISO 871;

RN

or

teri for components and other parts outside fire encloqures

l€nclosures, mechanical enclosures and decorative parts),
mability classification of at least:
innest significant thickness of this material is < 3 mm, of

BS1 e thinnest significant thickness of this material is = 3 mm, of
RS2
BS3 ) .
NO Where an enclosure also serves as a fire enclosure, the requiremgnts for
ericlosures apply.
x These requirements do not apply to:
« parts with a size of less than 1 750 mm?;
« supplies, consumable materials, media and recording materials;
¢ parts that are required to have particular properties in order to perform iptended
functions, such as synthetic rubber rollers and ink tubes;
e gears, cams, belts, bearings and other parts that would contribute nepligible
fuv: tU (=] f;IU, ;IIU:Ud;IIH :abv:o, IIIUUIIt;IIU fUUt, Il\Uy UG'JO, II\IIUbQ alld th Iike.
6.3.2 Compliance
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.1.7 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 Safeguards against fire under single fault conditions

6.4.1 General

Source: IEC 60065, IEC 60950-1

Rationale: 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 9 in this standard. There are two approaches that can be used either

jointly or independently:

_ L o L uards
applied at each potential point of ignition;

— method 2 assumes the ignition of limited fuels
therefore requires safeguards that limit the sprea
ignition point or for higher energy, beyond the equ

t and
initial

Fable 9 — Supplementary safeguards against fire und

Single fault conditions

here are two methods of providing protection. Either method to Warcwts of the
hme equipment (6.4.1)

Method 1 Equipment is so designed thatdn er single :ault ond% no part shall ignitg.

h thesavailable steady state

@ —

Reduce the
likelihood of
ignition

iled in 6.4.2 and 6.4.3.

ptementary safeguards for components, wirind,
sures

Selection and applicatio of S
materials and co stru me at reduce the spread of fire and,
Method 2 - Ry th . °f a

cond supplementary safeguard such as a
Control fire spread [

Tﬁevs} rd’s user\qr p d\Lét designer will select a method to apply to| each
ircuit ! ition method or control the spread of fire method).
a method can be done for a complete product, a parf of a

¢ of 4 000 W was chosen to ensure that products whigh are

ow power mains (less than 240 V x 16 A), common in the |office
home, could use the ignition protection methods, and to proyide a
and practical separation of product types. It is recognized that this

representative separation based on equipment connected to normal office and
home mains circuits where experience with potential ignition sdurces
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).

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.
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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 10 and Figure 14 in
this standard).

The prevent ignition method has been used in I|IEC 60065 where the
predominant product connection is to low power (<16 A) mains circuits. The
use of this method was not considered adequate enough for larger mains
circuits because the size of the fire cone does not adequately address large
ignition sources common in higher power circuits.

This—approacttimits—the—use—of prevent—igmitiom methods—to—those—prgducts
where the ignition sources is characterized by the fire cofies “and singlg fault
conditions described in 6.4.7.

Table 10 — Method 1: Reduce the likelihood of j

Method 1: Reduce the likelihood of ignition under sing@%\%ﬁvs\x
O~

IN

PS2

(>PS1and
00 W after 5 s <

PS1
No supplementary safeguards are~eed ctiorp against PS1
b W after 3 s and 6.4.2
A PS1 is not considered to hterials
reaching ignition temperatur
500 W < 3 s) 'Ng fgnit PR
guards
needed t ions in
PS2 circui exceed
[ is less

combustible material < 4 g, or
ded from the PIS by a fire barrier, or
mability requirements:

and 3 V-1 class material; VTM-1 class material or HF-1 class mlaterial,
or needle flame in Clause S.2, or
PS3 = Relevant component IEC standard
(<>4PSZ nd /Bsing protective devices that comply with G.2 to G.5 or the relevgnt IEC

component standards for such devices;

VS

Using components that comply with G.7, G.8 or the relevant IEC component
standard;

Compaonents 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 15,
Figure 16 and Table 11 in this standard).

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 curremtpractice:

@%

R
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Rationale:

6.4.3

Rationale:
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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

To identify all potential ignition sources, all circuits and components within the

6.4.3.2

Sourdle:

Rationale:

PS2 and PS3 circuits should be evaluated for their propensity—ta_ignite.

The ignition source derived from either PS2 or a PS
equivalent. The resulting flame size and burn time is,i

dered
P and
r than

bd for
quate
00 W
rationale).

Requirements

small
me is
rk” or
itions
term
5 with
nition
short
s half
te for
by direct flame impingement. It is recognized that
used by other standards.
achieved by identifying each PIS and then Ilimiting the
parts below auto-ignition temperatures during single| fault
izing the amount of flammable material near a PIS, sepafating

Sihgle fault testing, while not statistically significant, has been common
practiCe in both IEC 60065 and IEC 60950-1.

Temperatures limiting ignition are considered to be the material self-ignition

poinis or flash temperatures for flammable Tiquids and vapours (this value
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
quench low voltage events and will not propagate the flame. It is not sufficient
when the opening creates an arcing PIS (< 50 V).

6.4.3.8

Sourde:

Ratiompale:

As g cornsequernce of thetest,any peetingof comductor durinmgthesetesty shall
not result in or create other hazards associated wit movemeént of
conductive traces during or after the test provided they do so\predigtably.
During a single fault the peeling could bridge a basic safeguardzbut’shoufld not
result in the failure of a supplementary or reinforced $

Test method

IEC 60065, IEC 60127

The available power and the classifigati 8 stive and arcing
potential ignition sources should be dsed to dete hich componepts to
fault.

If the applied single fauli~conditigl

evice or subsequent| fault,
iable by repeating the gingle
imes). This is a method| used

onditions is related to tempefature
sameNds the steady state requiremenpts of
igaition temperatures (> 300 °C) are [much
of other clauses (~25 °C — 100 °C). Shorter
ere considered but dropped in favqur of
bhe term steady state should take into aqcount

ature for surrounding material of heat source ghould
temperature increase is observed after interruptjon of

The reliability of protection devices must be ensured Wwhere

emperatures and component failures. The criteria used by the

omponent ‘standard applying to each are considered adequate providgd the
ed as intended. The requirements included assume an IEC $0127

ype fuse as the most common device.

The tgst methodology is established to ensure that available energy through

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 (i.e. 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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b) Where the measured current quickly exceeds the fuse pre-arcing
characteristics (i.e. 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.

c) 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

curves prn\liﬂnrl onthe fuse datasheet to determine the test time

6.4.4 Control of fire spread in PS1 circuits
Rationale: Low available power reduces the likelihood for ignitio i4ed as
the lower limit of ignition for electronic circuits. imit is
considered as a circuit characteristic of the circujt;
Table 11 — Method 2: Control fiﬂead
Method 2: Control fire sye’id\ \
PS1 No supplementary safeguards are/ne Wﬁon against PS1.
(= 1% W after 3 s 6.4.4 A PS1 is not considefead\t i ugh_energy to result in materjals
<5p0W < 35s)
i o describe the supplementary
ce\the likelihood of fire spread from a PI$ in
materials.
Th g of p vailable to PS2 circuits is the basic safeguard uged
t inimizexth ergy of an ignition source.
supple Qar safeguard is required to control the spread of fire ffom
>n so\ ible RIS to other parts of the equipment
PS2 kﬁg ductdrs and devices with a PIS the following apply:
(s 10p W after 5 s) ‘\\ inted Woards shall be at least V-1 class material
Wirey insulation shall comply with |EC 60332 series | or
0695-11-21

Devices subject to arcing or changing contact resistance (g.g.

pluggable connectors) shall comply with one of the following

o Materials V-1 class material; or
o Comply with IEC component standard flammability requirements;
or
o Mounted on V-1 class material and volume < 1 750 mm3
% Battery cells and battery packs shall comply with Annex M.
C.
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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 41; 42; 43 and 44, or

. In case distances do not comply with Figures 41; 42; 43 and 44
o Mass of combustible material < 4 g, or
o Shielded from the PIS by a fire barrier, or
o Flammability requirements: V-1 class material; VTM-1 class

jme

tociol [T =l | 1
marertar—or—T T ¢crass—m 3

test of IEC 60695-11-2 as described in Clause/525.0r
. Comply with IEC component standard flammability requir
comply with G.7 and G.8
. Insulation materials used in transformers, b
. In a sealed enclosure

or
ble

The following shall be separated from a R oLding 4. not

. Supplies, consumables, medi

. Parts which are required to~have
perform intended functi S
()

The objective of this subclause is fo describe the supplementary safeguards needed to
reduce the likelihood of iire spread from a RIS in PS3 circuits to nearby combustible
materials.

to
ink

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
Coamponents, including connectors complying with 6.4.8.1.1 and {hat
fill an opening in a fire enclosure
Plugs and connectors forming a part of a power supply cord or
complying with 6.5, G.9 and G.21
Transformers complying with G.7
Motors complying with G.8

8.4.6.2
For PG2
ora PS3

circuit See all requirements for PS2 (6.4.5)
within a
fire en-
closure

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
6.4.6.2 . Parts with a size less than 1 750 mm
For a *  Supplies, consumable materials, media and recording materials
PS1 . Parts that are required to have particular properties in order to
circuit perform intended functions such as synthetic rubber rollers and ink
within a tubes
fire Gears, cams, belts, bearings and other small parts that would
enclosure contribute negligible fuel to a fire, including, labels, 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 of 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
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6.4.5

Source:

Rationale:

6.4.5.2

Sourdle:

Ratiompale:
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Control of fire spread in PS2 circuits

IEC 60950-1

In principle, limiting the available power to the circuit (100 W) in PS2 circuits
and control of adjacent fuel materials will reduce the spread of fire, assuming
that ignition of components can occur. This power level limit minimizes the size
of the ignition source and its impingement on adjacent fuels that are in the PS2
circuits.

The purpose of this clause is to establish control of fuels in or near circuits that
have the possibility of ignition. As no fault testing is done for PS2 circuits, it is
assumed that a fire ignition can occur anywhere within the circuits. These

ernal
materials.

This clause assumes only construction safeguards in g
the historically effective requirements of IEC 60950-

Only fuels that would contribute significant fuel to

t with

Requirements

IEC 60065, IEC 60950-1

to arcing part$ and
or sustained ignition

fire growth. V-1 mounting
as \they Jimit fuel to reduce susfained
te_to large fires or pool fire. The spread
wanaged by the larger printed wiring
e use of a longstanding IEC 60950-
s mounted directly on boards. The |value

s”identical to the internal and external wiring
pohent requirements for devices that have their own

oraphexes of this standard) are considered adequate.

solid flame resistant barrier between any combystible
ignition sources. (KEEP OUT ZONEB or

have a reduced set of safeguards when

For parts not directly subject to arcing or resistive heating, V-2 ratings are
considered adequate. This is aIso a historical requirement of IEC 60[950-1

£ Baria A Lot A Ha Ol ot A M £NLD ot | H
IVI Vul o UO\’\A mrrmrrmmtoeyu PUVVUI UIIUUII.O \JUOI.UIII\JU IuIIILIUII VT \4 — Illul.\ll a s IS
similar to that of V-1 materials in the small scale testing. The use of VTM-2
or HF-2 rated materials were also considered adequate.

— Limiting the combustible fuel mass within the area around PS2 circuit
devices. The limit of 4 g is brought from the small parts definition used with
PIS requirements of this clause and which were originally used in
IEC 60065.

— As an alternative, components and circuits can be separated from fuels per
the requirements of the fire cone described for isolation of fuels from
potential ignition sources.

— Enclosing parts in small oxygen limiting, flame proof, housing. The 0,06 m?
value has been in practice in IEC 60950-1 and small enough to mitigate fire
growth from a low power source.
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6.4.5.3

Rationale:

6.4.6 [ Controt of fire spread Ima PS3circuit

Sourdle:

Rationale:

6.4.6.p2

Sourdle:

Ratiopale:

The exceptions included are based on common constructions of material that
do not routinely have flame retardants or that cannot contain flame retardants
due to functional reasons. They must either be isolated from any PIS or
through single fault condition testing demonstrate that they will simply not
ignite in their application.

Compliance

Material flammability requirements are checked by the testing of Annex S, by
compliance with the component standard or through review of material data
sheets.

IEC 60950-1

There are two basic requirements to control the sptead (f\fire PS3
circuits:

a) use of materials within the fire enclosure that Ji ludes
the same requirements as for components des a
requirement from IEC 60950-1 to addres at are

found within the fire enclosure;

ill have a design
uits. The criteria for

Requirements

IEC 60950-1
PS3 sourced circuits may containca sig nt amount of energy. During gingle
fault conditions, the ava' ab overwhelm the safeguard of material
adj toxthe P or any consequential ignition {ource
i i Q ssary part of the supplementary safeguard. A

controls constltute the necgssary

typically permitting material pre-selection of| non-
istant materials for printed wiring and components in
that would contribute significant fuel to a fire are
igs compliance with all the requirements for PS2 cjrcuits

ability requirements for all materials inside a fire enclosufe are

ed in hIS clause. This model has been used historically in IEC 60950-1

the amount and type of fuel that may become engaged| in a

icant fire. Because there is no single fault testing when applying this

¥, a significant ignition source may engage other fuels located inside the

fire enclosure. PS3 circuits, particularly higher power PS3 circuits can ¢reate
significant internal fires if adjacent combustible materials, not d|rectly

assoclated wiith a circull, become nvolved In an internal fire. These tires, if
unmitigated can overwhelm the fire enclosures permitted in this standard.
Control of material flammability of fuels located within the enclosure should be
sufficient based on historical experience with IEC 60950-1.

The exceptions provided in this clause for small parts, consumable material,
etc. that are inside of a fire enclosure, mechanical components that cannot
have flame retardant properties are exempt from the material flammability
requirements. This is the current practice in [IEC 60950-1.

Components filling openings in a fire enclosure that are also V-1 are
considered adequate, as it is impractical to further enclose these devices.
These constructions are commonly used today in IT and CE products.

Wiring already has requirements in a separate part of this clause.

Motors and transformers have their own flammability spread requirements and
as such do not need a separate enclosure. See Annex G.
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6.4.7

Rationale:

6.4.7.2

Source:

Rationale:
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Separation of combustible materials from a PIS

Where potential ignition sources are identified through classification and single
fault conditions, separation from the ignition source by distance (material
controls) or separation by barriers are used to limit the spread of fire from the
ignition source and are necessary to ensure the ignition is not sustained.

Separation by distance

IEC 60065

The safeguard for materials within the fire cone includes material size control
(and including prohibition on co-location of flammable parts). Otherwise the

narte oloca o tha DIQ ochall ha flammalhilityy ~lace \/ 4 yhich

T
parts—elose—to—thePIS—shalbeflammabiity—elassV4—which—tHmits—susiained

ignition and spread.

fire. This value is also used for components used in its. It
has been used in IEC 60065 with good experience

Where these distances are not maintained, ; on is
included with 60 s needle flame application bas Qus xegudirements in
IEC 60065. This alternative to these distance e flame
test) can be performed on the barrier to holes
resulting from the test flame are stil i } it the

spread of fire through the barrier).

ndant
ak or

Redundant connections:
or reliable connection

ctions
ér. Arcing is not considered to exist
otherwise deemed not likely to change
gh use. Some examples are given, but
o the manufacturer and there is no specific

at are additionally soldered — this assumeps that
adequate contact resistance and the soldering is done

> such as flexible wiring or crimped device leads that
vechanical stress (due to heating or use) from the solder joint

la h|ne or tool made crimp or wire wrap connections — well formed
ynjcal crimps or wraps are not considered to loosen.

led boards soldered by auto-soldering machines and the auto-solgering
hines have two solder baths but they are not considered reliable without
further evaluation. This means most printed boards have been subjecfed to
a resoldering process But there was no good connection of the lead bf the

component(s) and the trace of the printed board in some cases. In such
cases, resoldering done by a worker by hand may be accepted.

Combustible materials, other than V-1 printed wiring boards are to be
separated from each PIS by a distance based on the size of resulting ignition
of the PIS. The flame cone dimensions 50 mm and 13 mm dimensions were
derived from IEC 60065, where they have been used for several years with
good experience. The area inside the cone is considered the area in which an
open flame can exist and where material controls should be applied.

The potential ignition sources are never a point object as presented in Figure
45. They are more generally three dimensional components, however only one
dimension and two dimension drawings are provided. The three dimensional
drawing is difficult to understand and difficult to make accurate.
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Figure 17 in this standard shows how to cope with potential ignition sources
that are 3D volumes. This drawing does not include the bottom part of the fire
cone. The same approach should be used for the bottom side of the part.

1EQ

Figure 17 —(Fire cone\application to large component

e&h corner. The locus of the outside

i source drawn in two dimensions. The
pted ice cream cone) of a flame from a po
is represented as a point source in the drawi

air flow such as a product with a fan. This is done to compensate f
shapeand movement of a potential flame caused by the forced airflow.
value of 45° was selected as adequate.

>\13 mm

1357/11

lines

s the
three
ential
ng for
s that

e of a
orthe
The

6.4.7.3 Separation by a fire barrier
Source: IEC 60065
Rationale: The use of flame retardant printed wiring is considered necessary as th

e fuel

and the electrical energy source are always in direct contact. V-1 has

historically been adequate for this purpose.

Printed wiring boards generally directly support arcing PIS and as such, cannot
be used as a barrier. There is a potential that small openings or holes may

develop, thus permitting the arc to cross through the board.

A printed board can act as a barrier for an arcing PIS, provided the PIS
directly mounted on the board acting as a barrier.

is not
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For resistive PIS, printed wiring boards can be used provided they are of V-1 or
meet the test of Clause S.1. Any V-1 and less flammable fuels are required to
minimize the possibility flammable material falling onto the supporting surface
or contact with combustible fuels (resulting in pool fires). Should a PIS be
mounted on a board, it must be supplied by a PS2 or PS3 source. However
there should be no other PS2 or PS3 circuits near the PIS, as this could create
faults due to PIS heating that was not otherwise considered.

Figure 44 — Demonstrates the change on the fire cone when there is a fire
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 |—||e'|'nr\/ with mlllhnln drawinas of harriers in varvinag anlne could be
g PALRES)

6.4.8

Ratiopale:

Table 12 — Fire barrier and fire enclosure

difficult to resolve The flre team decided to keep only two drawings'w|th an
angle barrier as representative.

Fire enclosures and fire barriers

The safeguard function of the fire enclosure an [ is td impede
the spread of fire through the enclosure or in this
standard).

Fire barrier

Flammability reqm em@

ateridl or

6.4.8.1.1 lausexS.1 > V-1 class material or VTM-1

e arrier
n arcing PIS and

Q i re allowed provided that the part of the fire
i liesywith one of the following
< . e Clause S.2; After the test no holes bigger than in
6.4.8. and 6.4.8.2.4 allowed or
o 2 Y-0Class material

-

e

material
8.1.2

Fir closure materials:

> Non-combustible, or
For PS3 <4 000 W, needle flame test Clause S.1 or = V-1 class

N material
> « For PS3 >4 000 W, needle flame test Clause S.5 or > 5VB class
6

Component materials which fill an opening in a fire enclosure or
intended to be mounted in such opening

. (‘nmplv with flammnhilify rpquirpmpnfe of relevan IEC
component standard; or

Fire enclosure e >V-1 class material; or

. needle flame test Clause S.1

Separation of a PIS to a fire enclosure
« Distance = 13 mm to an arcing PIS and
« Distance 2 5 mm to a resistive PIS

6.4.8.3 Smaller distances are allowed, provided that the part of the fire

enclosure complies with one of the following

< Needle flame Clause S.2; After the test no holes bigger than in
6.4.8.2.3 and 6.4.8.2.4 allowed; or

¢ 2V-0 class material
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6.4.8.1.1

Source:

Rationale:

6.4.8.1.2

Requirements for a fire barrier

IEC 60065, IEC 60950-1

Barriers used to separate PIS from flammable fuels must 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 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.

Requirements for a fire enclosure

Sourvl‘El’W . TEC 60950-1
Rationale: The flammability classification of V-1 was chosen as the minimum value pased

6.4.8.1.3

Ratiompale:

6.4.8.R

Ratiovl\ale:

on its historical adequacy, and recent testing done duri
the requirements for externally caused fire.

IEC 60950-1 — Prior requirements for 5 V materials\based \ veight
lacked sufficient rationale. This has been i > bower
available to a fault in this standard.

elopment of

fire team |nd|cated inconsistencies in pe 0L i nt V-2
materials. The propensity for V-2 i ‘ i is also
detrimental to fire enclosure performance c ess it
passes the end-product t

In addition to pre-selection\tequir ; i bst) is
also included by referen for >
4 000 W). This test is base tly an

pread
ersus
riteria
erally

power

ction)
en. st be
hecked at the minimum thickness used as a fire enclosure or fire barrier.

Constructional requirements for a fire enclosure and a fire barrier

Opening requirements for barriers and fire enclosure should limit the spread of
flame through any existing opening. A fire enclosure limits the spread of fire

6.4.8.2.1

Rationale:

6.4.8.2.2

Rationale:

beyond the equipment and is permitted to have holes (within established
limits).

Fire enclosure and fire barrier openings
These requirements are intended to reduce the spread of an internal fuel
ignition through a fire enclosure or barrier.

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

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.
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6.4.8.2.3

Source:

Rationale:
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Barriers made of non-combustible materials must 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.

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 45) plus a tolerance of 2 mm. The appficatio of the fire
cone dimensions have been used in : rically
adequate.

Control of openings above the flame cone is al$g not\ne i at the

heat transfer (convection) will follow the gases g tt jh tr nings
and is not sufficient to ignite adjacent material$: j rectly
blocked, the convection path will be NG i i heat
transfer to an object blocking the operfing

Openings to the side of the fire cone \di i " [ imately
not considered necessarynas the f opaatlon through openings to
the side of the igniti6 idered
sufficient to ignite adjacent n i ive e and

posed prqvides ja test option for direct applicafion of
mm rom the opening. The test (S.1) referred
intended, to-providea test option where holes do not cpmply
ork is ongoing to determine how to [apply

material for the evaluation of flame spread due

envelepe’is provided as a single point source. The appl|cable
affecting airflow must take into account the whole shape pf the
jUst ‘“a\single point. The point is applied from the top edge ¢f the

5mm and 1 mm dimensions have |been
ined through test as being restrictive enough to cool combustible gases

s hey pass through the openings and those mitigate any flame from pgssing
the opening. Top openings properties are based on Fire team tgsting
dpen flames (alcohol in a Petri dish) that demonstrated these opening
dimensions are adequate.

6.4.8.2.4

Source:

Rationale:

Bottom openings and bottom opening properties

IEC 60065, IEC 60950-1

The location of openings locations are restricted for barriers inside the flame
cone of Figure 46 and for enclosures, inside the cone and directly below to
protect against flammable drips from burning thermoplastic. The application of
the fire cone dimensions have been used in IEC 60065 and proven historically
adequate.

There are several options for opening compliance (see Table 13 in this
standard). Flaming oils and varnishes are not common in ICT equipment 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.
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Clause S.3 (hot flaming oil test) is the base performance option and prov

ides 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 39 come directly from

IEC 60950-1 where they have been historically adequate and

have

demonstrated compliance with the S.3 performance testing. Table 39 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 developm
Table 39.

ent of

The work done to validate top openings was also considered adequate for

bottonmopenimgsurder mraterats—of any properties (S —ard—

metal screens).

>|OtS).
which
mesh,

Openings under V-1 materials (or those that co ) are
controlled in the same manner as done in IEC 609 idered
adequate however an additional option to use 2 gth is
also considered adequate.

The 6 mm maximum dimension relates § ening
dimension of 36 mm?2 and a round ofening of & . In IEC 6095041 the
requirement was 40 mm?2, which relates t6 i m diameter if found
or 6,3 mm maximum if not round.

The only option where fla g to meet the requirements
of the hot flaming oil te .

An option for equipment that is\ Cial environments where g non-
combustible flooring is i tal safeguard) may obviate the| need
for an equipment bottom sa ig” is current practice in IEC 60[950-1

where equipment i used \ access locations”.

Table 13 - Sunmr fire barrier material requirements

Fire enclosure
Pa eter Fire barrjér
Input <4 000 W Input >4 000 W

13m \w/more from arcing PIS
|§|sar ioxfro mm/or more from resistive PIS

Note: exceptions may apply

im ﬁns Sufficient to prevent Not applicable
X ignition of the edges PP
N

Comby@material:

a) Test S.1; or a) Test S.1; or a) Test S.5; or
Fla ility b) V-1; or b) V-1 b) 5 VA; or
c) VTM-1 c) 5VB
5
| = (©
c @ g
c 29 Acceptable
=z £ ©f
o E
o
Top openings See 6.4.8.2.3
Bottom openings See 6.4.8.2.4
6.4.8.2.5 Integrity of the fire enclosure

Source:

IEC 60950-1
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Rationale:

6.4.8.2.6

Rationale:

6.4.8.3
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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

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

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

Sourc:l‘e:
Ratiompale:

6.5.3

Sourclet

IEC 60065, IEC 60950-1
Non-metallic fire enclosures and fire barriers may not bg\sufficient o limit the

e test optlon is
in IEC 60065.

a) are considered most readily

waterials without distance or thickness
practices in IEC 60065 and IEC 60[950-1

Wwirements where ignition sources are in |close
ere not included based on discussions in TC 108 and
60950-1 enclosures. There is fire test data (Qarrier
indicating that 2 mm thick (or greater) V-0 barrieffs and
ave sufficient flame resistance to minimize a risk of creating

ged in direct contact with PIS’s. Good HWI or HAI tesis are

ernationally to address the distance from ignition sourges to

arrelosule and barriers. The fire team has chosen to use the needle [flame

IEC 60332-1-2, IEC 60332-2-2

Rationale:

Wiring flammability proposals have now been included for all wiring (external
and internal).

Compliance with |IEC 60332-1-2 for large wires and IEC 60332-2-2 for small
wires has historically proven adequate for mains wiring. These standards
include their own material flammability requirements (see Table 14 in this
standard).

The requirements of IEC/TS 60695-11-21 are also considered adequate given
that the flame spread requirements for vertical testing are more onerous than
the IEC 60332 series of standards.
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Table 14 — Other flammability requirements

Other flammability requirements

'enxtgr”nﬂland 6.5 | The wire insulation in PS2 and PS3 circuits shall comply with
g : IEC 60332 series or IEC/TS 60695-11-21

6.5.4

Sour

The compliance criteria are based on application of the above test methods.
These are consistent with international wiring standards. National standards
may have more onerous requirements.

: IEC 60950-1

Rationale: Externally interconnected circuits that are mtendd fq ion to
unprotected building wiring equipment can receive m the
product to cause ignition and spread of fire with th ilihg, or
remotely interconnected equipment. These bower
available to connectors/circuits intended for inter i bes of
wiring where the product is responsible for - Wri
Where a circuit is intended for connectiont MipNTe ig"directly adfacent

to the equipment, 6.7 prescribes gfeguards and [limits

associated for PS2 and PS3 sources.

based on the expected power
were considered adegquate
st be equivalent to 0,4 mm

1,3 A current limit establ{shed.
for the smaller telecommunigation

A and PS3 safeguards are not considered
Qr conhection to building wiring where that wiring
or other fire protective enclosures The
0950-
ments

nd” protection requirements included in IEC 60950-1 and
Q came from the building and fire codes requiring this

do not apply to connectors/circuits intende for

is also important for the use of ICT equipmgnt in
ments subject to electrical codes such as National Fire Protgction

Association NFPA 70, which permit the routing of low power wiring outsidle of a
fire caontainment device

6.6

Annex Q was based on requirements from IEC 60950-1 that are designed to
comply with the external circuit power source requirements necessary for
compliance with the electrical codes noted above.

Likelihood of fire due to entry of foreign objects

Purpose: The purpose of this clause is to establish opening requirements that would

minimize the risk of foreign objects falling into the equipment that could bridge
parts within PS2 or PS3 circuits, or between PS circuits that could result in
ignition. It is applied for both method 1 and method 2.

For transportable equipment, the safeguards prescribed in IEC 60950-1 need
to be checked and included where necessary. The goals of MT2 for
transportable equipment were specifically to address equipment that was
battery powered where ignition would be possible during transport.
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6.7 Safeguards against fire due to the connection of secondary equipment
Source: IEC 60950-1
Rationale: This subclause addresses potential fire hazards due to connected of

accessories to unknown power source classifications. Most common low
voltage peripherals are not evaluated for connection to PS3 and therefore
power sources should be identified. This is a current requirement of
IEC 60950-1.

Where the interconnected devices are known (device requirements are
matched to the appropriate power source), this requirement for safeguard is
not necessary.

Clau1e 7 Chemically-caused injury

Rationale: The majority of chemical injuries arise from inhalatiop™o

Many resins and polymers are relativelyi v ormal
conditions of use, but when heated or macthing se to
produce toxic by-products.

Toxicity is the capacity .of a méa n the

y.

ormal
tems,
m air

bment
these

s may
due to

The humber of different chemical materials that may be used in the| wide
variety of equipment covered by this standard makes it impossible to identify
cpnr\ifir\ hazards within the hr\r’ly of this standard—lnformation-—needslto be
sought by equipment manufacturers from the material suppliers on the hazards
associated with their products and their compliance with any national and/or
governmental regulations on the use and disposal of such materials.

Energy source:

The energy source for most chemically-caused injuries is ultimately the ability
of a material to chemically react with human tissue, either directly or indirectly.
The exception would be inert materials that can damage tissues by preventing
them from functioning by limiting certain chemical reactions necessary for life.
An example of this would be types of dust, which do not react with lung tissue,
but prevent air from reaching the bloodstream. The reactions may be very
energetic and damaging, such as acids on the skin, or can be very slow, such
as the gradual build-up of substances in human tissues.

Transfer mechanism:
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Transfer can only occur when chemical energy makes contact with human
tissue. The routes for contact with human tissue are through the skin [or any
outer membrane such as the eyes or nasal lining] (absorption), through the
digestive tract (digestion), or through the lungs (inhalation). The route taken
will depend largely on the physical form of the chemical: solid, liquid, or gas.
Injury:

An injury can be either acute or chronic. Acute injuries are injuries with
immediate and serious consequences (for example, a strong acid in the lungs)
or the injury can be mild and result in irritation or headache. Chronic injuries
are injuries with long term consequences and can be as serious as acute
injuries (for example, consequences of long term exposure to cleaning
SOtvents):

substance. A large amount of acetone can lead to deatk
simply result in a headache. Many chemical compot
small quantities (for example, zinc, potassium and
larger amounts. The human body has differen

government bodies for many chemical
hazardous chemical substances in equip

a flowchart (Figure 18 in this sta azard

management.
Table 15 — ch

ntr i
Transfer mechanism f \R@e\ntio | safeguards

ent:

ical hazard by avoiding the use of

Ingestion, inhalati

skin cofitagt, o othe,r
exposu o potentially
hazardot )

N ize the exposure potential of the chemical by
inment, ventilation and/or reduced quantities of
\\/;Z\ chemicals.
4 se of personal protective equipment (PPE).

5. Provide use information and instructional safeguards.

Hierarchy of hazard management:

1. Where possible, minimize the use of functions that
produce ozone.

2. Provide adequate room ventilation.

3. Provide filtration to remove ozone.

INH I £ b o -
Hierarehy-of-hazard-management

1. Eliminate the explosive charge.
Explosion caused by 2
chemical reaction during ’
use

Reduce the amount of explosive charge to the least
amount possible.

Minimize hazard by the means of vents.

4. Provide use information and instructional safeguards.
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Review relevant specifications
Review anticipated operating parameters
Review relevant fault conditions
Review national regulations

Are hazardous
bat H

produced by the ,~

equipment?

NO

Eliminate hazardous substances
— or eliminate the hazardous
substance producing process

concentration of
the hazardous
substance be
maintained or
controlled below
maximum quantity
allowed by
egulation?

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

by regulation?

}nin Ia%{and operating YE

——  instrustions require the use of PPE | S

whehever equipment is handled or
onerated

A

NO

IEC 1358/11

Figure 18 — 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 19 in this standard shows
the main types of chemical health hazards and their transfer mechanisms.

Energy source Transfer mechanism Injur

(chemical) (to human) an
AR,

Clausge 8

8.2
Purpag

— Acid / alkali Absorption c gs
— Heavy metal Ingestion Chiwonic
— Reactive organic Inhalation

— Reactive inorganic
— Persistent inert

IEC 1359/11

Figure 19 — del nical injury

mechanical energy source levels for normal
oiditions and single fault conditions applicable tol each

The atceptance criteria is based upon any number of factors such as lodation,

but the key factor for judging acceptance is based upon the K factof, the
rcl chin hatwwaoan macco ([ AN d JAY d nnnCA VA NAY

lationship—between—mass—{m—ir—kg—radius—{r—r—mm—and-speed—N)—H 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 47 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).

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).
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8.2.2 MS1
Rationale: Safe to touch. No safeguard necessary.
8.2.3 MS2
Rationale: Contact with this energy source may be painful, but no injury necessitating
professional medical assistance occurs, for example, a small cut, abrasion or
bruise that does not normally require professional medical attention. A
safeguard is required to protect an ordinary person.
8.2.4 MS3
Ratiofate: N injury may occur that Is harmiul, requiring protessional medical assisjance.
For example a cut requiring stltches a broken bone or per eyendainage.
A double or reinforced safeguard is required to protect af i person and
an instructed person.
8.3 Protection against mechanical energy source
Purpgse: To determine the number of safeguards ne pe of person
and the relevant energy source classificatio
8.3.2 Protection of ordinary persons
Rationale: An equipment safeguard is needed-betw [ person and MS2Z. Two
equipment safeguards aps needsg ingry person and MS3.
An instructional safegua : ibing avoidance may be employed to
circumvent the equipmen > access to MS2 part locatipns to
perform an ordinary pers tion. The instructional safeguard must
nust be restored after the service
d. When an instructional safeguprd is
dentify insidious hazards
8.3.3
Rationale: edeéd for MS2. However an instructional safeguard,
parking, is necessary to supplement the instrlction
é€mind them of the location of hazards that ane not
ent safeguards are needed between MS3 and an
8.3.4
Purpdse: )
Rationale: Hhe skiNled person has received training as the skill safeguard to know How to
¥ith MS3 hazards. However an instructional safeguard in the form of a
warning marking is necessary to supplement the instruction they | have
received, to remind them of the hazard locations that are not obvious.

However, 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.

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
to recoil away from the energy source or part being serviced. Where more than
one of the level 3 energy source may require servicing at some 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.
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8.4

Purpose:

Rationale:

Safeguards against parts with sharp edges and corners

Engineering judgment shall be used to class a mechanical energy source as
MS1, MS2 or MS3 and an appropriate safeguard shall be provided as given in
8.4. Where a MS2 or MS3 cannot be fully guarded without interfering with the
intended function of the equipment, it shall be guarded as much as practical.
Such an energy source shall not be accessible to children and it must be
obvious to an adult. Instructional safeguards shall be provided to warn the
person about potential contact with the energy source and what steps to take
to avoid unintentional contact.

We rely on engineering judgment as there are too many variables involved to
define the type of edge or corner combined with the applied force and direction

8.5

Ratiopale:

8.5.1

Ratiopale:

of contact or to provide specific values.
Safeguards against moving parts
Enclosures and barriers protect against access to ) |parts.
See 8.5.2 for the exception of requirements relajed arded
because of their function in the equipment.
Requirements
[ccess
by a person's extremities, jewellery that/m y g etc.
Access is determined by applying—the nd no
further testing is necessaxy. ssible
for some jewellery and er, in
such cases, the jewelle exible
enough to enter (as would h may
result if they happen tp emed
unlikely an jnj Id bl risk
b0-23.
place
based
dia
QCENt Targe scale introduction of media shredders in to the home enviropnment

asulted in an increase of children being injured when inserting their fingers

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 paris 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
probes, while having an unjointed version for application under force, do not
adequately represent the population for both adults and children.

Because cross-cut shredders typically apply more force to the media than
straight-cut shredders, the requirements include differentiated application
forces for the two designs. The force values consider typical forces associated
with straight-cut and cross-cut designs, taking into account data generated by
the USA Consumer Product Safety Commission on typical pull forces
associated with both strip type and crosscut type shredders.
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The dimensions of the new probe/wedge are based on the data generated
during the development of the UL Articulated Accessibility Probe. However, the
dimensions of the UL Articulated Accessibility Probe were defined in
consideration of causal handling of products. Because of this, the 95th
percentile points from the data were used to define the UL Articulated
Accessibility Probe. The thickness and length dimensions of the new proposed
probe/wedge have been developed in consideration of all data points.
Articulation points are identical to those for the UL Articulated Accessibility
Probe.

8.5.5.1 Protection against MS3 parts
Sour TEC60950-1
Purpdse: To protect against shattering rotating solid media and high/presst s that
can expel particles with sufficient energy to inj S uiring
professional medical attention.
Sour IEC 61965, IEC 60950-1 and IEC 60065
Purpgse: To protect from egress of imploded glass impdcting. a vilne bf the
body.
Rationale: Cathode ray tubes (CRTs) having a maxim r than
160 mm have not had a history of causinginj MS1.
lafger than 160 mm is
omplying with Annegx U.
8.5.5..1
Purpgse: cia from impacting the eye.
Rationale: tation occurs most frequently with solid

drives rotating at more than 8 00D rpm
rom). Studies provided satisfactory

ishandled) by users, how they are stored] such
N a window to direct sunlight, other direct heat sotirces,

o”improper treatment such as bending or having opjects
that may cause cracks radiating out from the centrg hub

are two possibilities for the fragmented media to egress. During impact

orit door, it either releases or flexes enough to permit the fragmient to

escape\ Two tests for this are possible. Both a static test and a dynamic test
onsidered, however it was felt that a static test was easier to assegs and
has enough safety margin to meet the need.

A value of 25 % of the media mass was chosen as prnrtirnl worst casd after

analyzing fragment size from a number of CD media failures. An example of a
52X drive is as follows:

F=mv2/R,x0,25=0,016 x 662 x 0,25/0,06 = 290,4 N.
where
F is the force to be applied, + 10 %;
m is the mass of the media;
v is the velocity of the outside diameter of the media;
R, is the outer radius of the media.
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8.6 Stability of equipment
Source: IEC 60950-1 and IEC 60065
Purpose: To align existing practice with the MS1, MS2 and MS3 energy sources (see
Table 16 in this standard).
Rationale: Equipment weighing more than 25 kg is considered MS3, whether it is floor
standing or supported above the floor.
Equipment weighing between 7 kg and not exceeding 25 kg is considered MS2
if floor standing and MS3 if supported above the floor.
Equipment with weight not exceeding 7 kg is considered MS1 if floor standing,
but can be either MS2 or MS3 if supported above the floor. Also see carts and
stands, and-wattor cettimgmountedequipment:
Table 16 — Summary for 8.6
Equipment subject to handling, moving and relocatin<\
Test 1 Test 2 Test 3 &
Static stability Relocation gtability. Glass slide sta_ndlng
test horizdntal
/\ L force fest
Sub¢lause 8.6.2.2 8.6.2.2 { (23 ] 8631 8.6.4.2
Floor standing |Floor standing Mova Displays with | Displays|with
with foothold locatable by |moving moving
less than 1 m instcucted images, images,
igh eysons or equipment equipment
Scope odifies i skilled persons | with with
P during accessible accessiljle
igstallation intended use controls above | controls jabove
and floor floor
installation Exempts floor
standing
Energy source \1\{83,\ MS2 / MS3 MS2 / MS3 MS2 / MS3 MS2 / [MS3
Dooxs closedy- |Least stable in | Doors closed - |Not defined Least stable in
S used" accordance "as used" accordafnce
Orientations of with normal with norinal
doors c"OVerS operating operating
caster’s“ fo N conditions and conditions and
otc ’ ’ instructions instructipns
’ provided to provided to
ordinary ordinary
person person
Equipment Ensures Ensures that Ensures that Ensures that Ensures|that
should remain |equipment will |expected expected products with | equipmejnt
stable when not become physical physical moving images | with
(intended or unstable contact with contact with that attract accessible
unintended) (causing the the equipment |[the equipment |children, will controls or
leaning or user to fall) (intended or (intended or not topple moving images
Purpose pushing on when the user |unintended) unintended) when climbed |will not
equipment to intentionally does not result |does not result [upon become
move, relocate |uses the in instability in instability unstable if
or on-site equipment as handled
service a step (pulled,
pushed) by
children
20 % of weight | 800 N vertical [10° tip stability | 10° tip stability | Glass slide 13 % of weight
up to 250 N force test at 10° but no more
horizontal than 100 N
Test and force applied horizontal
criteria up until the force
unit reaches or up to 15° tip
15° or 15° tip stability for
stability MS3
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Purpose:

8.6.2.3

Source:

Rationale:

- 78 - TR 62368-2 O IEC:2011(E)

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.

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.

8.6.3

Sourdle:

Rationale:

8.6.3.1

Source:
Purpgse:

Ratiompale:

8.6.3.R

Purpgse:

Ratiompale:

8.7 L~ Fquipment mounted to a wall or ceiling

Source:
Purpose:

Rationale:

8.8

Source:

Rationale:

Non-floor standing equipment having controls that are essed Juring

normal use or having displays with moving images

IEC 60065

Children are naturally attracted to moving images_an Q oych or
hold the image by pulling or climbing up on to t S ent f this
subclause assess both the static stability and ingwgri en/placed on a
slippery surface such as glass. Children r oXnisuse\controls that are

readily available to them.
Qn mages sliding off a smooth

equipment.

easily along a smooth surfacg that
vated height on to a child.

Glass slide test

IEC 60065:2005, Amendment 2
To address the hazard\of eguinment withtm

To ensure the display
could result in the displ

climbing up on to equipment with moving

US have shown that children 2-5 years qf age

ages on the display that may result in the child climbing
pla to touth/get close to the image. The equipment could thien tip
Hild. Also, products with accessible controls or that are
in height are considered likely to be handled by children.

ered in the 1986 to 1998 for CRT TV sets ranging| from
to 68,58 cm [19 to 27 in]. The average horizontal force was|13 %
of the~eqUipment weight.
JThe Y15° tilt test [an additional 5° over static stability test] providés an

additional safety factor.

IEC 60065 and 60950 series
The objective of this subclause is to minimize the likelihood of injury caused by
equipment falling due to failure of the mounting means.

The 4x the weight applied in the test has been a standard safety factor to cover
the variations associated with the materials involved, vibration, material aging,
mounting technique etc., with a minimum force of 50 N to simulate accidental
contact.

Handle strength test method

IEC 60065 and 60950-1

The 75 mm width simulates the hand width. The safety factors take into
account the acceleration forces and additional stresses that could be applied
due to extra weight on top of the equipment when being lifted. The safety factor
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is less at the higher weight (MS3) because the equipment would be lifted more
slowly, reducing the acceleration force, and there is less probability that extra
weight would be added before lifting, as this would exceed the normal weight to
be lifted by one person without assistance of a tool. Equipment classed as MS1
with more than one handle could be used to support additional objects when
being carried and should be tested.

8.8.2 Compliance and test method
Rationale: 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.
8.9 Wheels or casters attachment requirements
Purpgse: To verify that wheels or casters are securely fixed to the
Source: UL 1667
Purpgse: For wheel size, stand
y unter
a variety of obstacles, icti S i y 2 mple:
i Ils.
Rationale: over
and to
tip, or the equipment located on t
8.10 Carts, stands, and simj
Sourcie: UL 60065
Rationmale: To avoid tipping, the ipnally
8.10.1
Rationale: least
ch as
8.10.2
Ratiomale: iating
8.10.3
Purpdgse: that a cart or stand can withstand foreseeable overloading without
a hazardous situation.
Source: IEC 60065
Ratiomate: The220-N-ferce-simuiatesthe-weight-of-a—smal-ehid-apprexdmatetyb-years of
age, who may attempt to climb onto the cart or stand. The 30 mm circular
cylinder simulates a child’s foot. The 750 mm height is the approximate access
height of the 5 year old child. The additional 440 N force test simulates
potential additional materials or equipment being placed on the cart or stand.
The additional 100 N simulates overloading by the user. Testing has been
limited to 1 min as experience has shown that the likelihood of a test failure will
occur within that time.
8.10.4 Cart, stand or carrier impact test
Purpose: To verify that a cart or stand can withstand a foreseeable impact without
creating a hazardous situation.
Source: IEC 60065 and IEC 60950 series
Rationale: The 7 joules simulate intentional and accidental contact with the equipment

and come from the T.9.2 enclosure test.
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Purpose:

Rationale:

8.10.6

Source:
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Mechanical stability

To verify that a cart or stand remains stable under specified loading.
The equipment installed on the cart may come loose, but not fall off the cart.

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

Rationale:

8.11

8.11.1

Sourdle:

Ratiompale:

8.11.2

Purpagse:

Ratiompale:

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

Mounting means for rack mounted equipment

Requirements

UL/CSA 60950-1 second edition

The potential hazardous energy source i T contains signfficant
' /Canadian Adhoc
researched and developed these based
assessment and tests.
se in
ously
Brvice
while
y that
talled

ment of another server on top of an existing one
one. So the test is the downward force.

2. equipment mass is derived from the mass of the equipment, jand a
ed for manufacturing differences in the rails which

N additional force accounts for equipment that is about{to be

aded in\a rack being placed or set on a previously installed piece of
here the previously installed equipment is being used |as a

ary shelf or work space. It is estimated that 530 N is the maximum|mass
ibment allowed to be safely lifted by two persons without the yse of
mechanical lifting devices. Equipment having a mass greater than 530 N will
have mechanical lifting devices and it is therefore unlikely that the equipment

8.11.3

Purpose:

Source:

being installed will be set on any equipment previously installed in the rack.

Mechanical strength test, 250 N, including end stops

To simulate maintenance on the server itself, by smaller applying forces
equivalent to what is expected during subassembly and card replacement, etc.
So this also tests the laterally stability of the slide rails. It is not necessary to
retest the downward vertical force if it is already tested for 8.11.2, but that
should be common sense when preparing a test plan.

The cycling of the slide rail after the tests ensures they have not been bent in a
way that could easily fly apart after the service operation.

UL/CSA 60950-1 second edition
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Rationale:

Clause 9

The 250 N force is considered a force likely to be encountered during servicing
of the equipment, and normal operations around equipment. The force is
partially derived from the existing IEC 60950-1:2005, 4.1, and partially 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.

Thermal burn injury

9.1

Rationale:

General
A General
art to
bject,
range
from perception of warmth to a burn.
The energy transfer mechanism is conductio rough
physical contact with a body part.

The likelihood of thermal injury isf a i p nergy
parameters including:

— temperature differeng

— the thermal conductiy
the body;

t and

raises
eters.
hf‘ee block model applied to the occurrence of a burn (
standard) takes account of not just the temperature of the
otal thermal energy, which will depend on its temperature
kin), as well as its overall heat capacity. The model also|takes
the energy transfer mechanism, which will depend on the thermal
ivity between the body and the thermal source as well as the arejp and
of contact. The occurrence and severity of a burn will depend @¢n the

Hazardous Energy Transfer | Body Part
Thermal Source Mechanism #
¥ W A ’I~._ ,

IEC 1360/11

Figure 20 — Model for a burn injury
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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 duratlon of about 5 s. At a

practice in the past
he body and applied to

For simplification of the model
assumed that the contast area
healthy, adult skin (seé€

As a general rule, low temx 2 i ikely to cause a heating of pain

:2Q06, Note of 5.7.3). Requiremenrs for
» ndard

act is not being addressed in this paper at tHis time
\Use and coverage of large contact areas as might dccur in
i g pads, tovering more than 10 % of the body surface are putside

g type of application is more appropriate to medical|device

sste of the contact between the thermal source and the body part can Have an
q ermal energy. Studies have shown this effect to have apprgciable
Ssures. For typical pressures associated with casual contact up to a pfessure
g been shown to be negligible, and thus contact pressure is not congidered
f: ATSM C 1055, X1.2.3.4, ASTM C 1057,7, Note 10).

CaopSiderations for burns generated by infrared (IR), visible, ultra violet light rgdiation
adiation sources are outside the scope of Clause 9 dealing with thermal burn injury.

C Types of burn injuries

Burn injuries are commonly classed as first degree, second degree or third
degree in order of increasing severity:

First degree burn—the reaction to an exposure where the intensity or duration
is insufficient to cause complete necrosis of the epidermis. The normal
response to this level of exposure is dilation of the superficial blood vessels
(reddening of the skin). No blistering occurs. (Reference: ASTM C1057)

Second degree burn—the reaction to an exposure where the intensity and
duration is sufficient to cause complete necrosis of the epidermis but no
significant damage to the dermis. The normal response to this exposure is
blistering of the epidermis. (Reference: ASTM C1057)
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Third degree burn—the reaction to an exposure where significant dermal
necrosis 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 healing. (Reference: ASTM
C1057)

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 ski
and there are no surviving epithelial elements.

has begen destlroyed

Although there is some overlap between the classificg 1057

and those in ISO 13732-1:2006, the individual clagsifi 5pond

exactly with each other. Further, it should be igns of

burns described here is not intended to corrg ermal
. .

n the

ed to

&\ safegudrd is interposed betwegn the
igure 21 in this standard). Morg than
équirements for thermal burn hazard

ay be

a) Thermal hazard not present
The first model, in Figure 22 in this standard, presumes contact to a surfdce by

an _ordinary narcaon awbhara o tharoaal bhaoooed 1o At ~racan 1o thic eade. no
o ooty peToOT—whiCTC—o oo rrozarG— o ot prootrtT— o~ oadC,

safeguard is required.

Non-

Hazardous Safeguard = Body Part
Not required
Thermal IEC 13$2/11

Energy

Figure 22 — Model for absence of a thermal hazard
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b) Thermal hazard is present with a physical safeguard in place

The second model, in Figure 23 in this standard, presumes some contact with
a surface by an ordinary person. The thermal energy source is above the
threshold limit value for burns (Table 42), 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:

Hazardous Thermal Body Part
Insulation

Thermal and/or limited

Elnar'n\l contact time

L +He+gY J
IEC  1868)

Figure 23 — Model for presence of a thermal hazard with a physita lace

some
~Jhe temperafure is
ited by the expected
oid or limit confact to
expasure will not exceed the

contact to the thermal source or part b
above the threshold limit value but the

Figul blace
9.2
Rationale: ouched are classified as thermal energy sources TS1,

S1 representing the lowest energy level and TS3 the highest.
of each surface will determine the type of safeguards

ent of thermal burn hazards is complex and, as discussed |in the
i or a burn injury above, involves several factors. Important agpects
include’the overall heat capacity of the source, its temperature relative fo the
body, thermal conductivity of the contact and others. To present a gimple
model for assessment of a given surface, it is assumed that the overal|] heat
capacily and the thermal conductivity will remain constant.

Thus, thermal energy sources are classified in terms of the material of the
surface, its relative temperature and duration of contact only. Usually, for a
given material the temperature and duration of contact are likely to be the only
significant variables when assessing the risk of a burn injury.
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9.2.2

Rationale:

TS1

The lowest thermal energy source is TS1. TS1 represents a level of th
energy that generally will not cause a burn injury. Under abnormal condi

ermal
tions,

where it is obvious to an ordinary person that the equipment is malfunctioning,
temperatures limits up to the short term TS2 limits may be applied to a TS1
surface. In this case, the user will be aware of the increased temperature so

contact is considered unlikely. In the event of contact occurring, the TS2

limits

ensure that a burn will not occur within normal reaction times. An example of

this situation would be a non-functional computer monitor with no

video

display. In this case the short-term limits for TS2 surfaces would be applied.
However, in the case of a computer system that continues to operate with a

9.2.3

Rationale:

9.2.4

Ratiopale:

9.2.5

Sourdle:

Ratiopale:

fatted—cootimgfam,thissituatiom mmay ot bedetectabtetotheuseramd—the TS1
limits would continue to apply to the appropriate surfaces. Table42 defings the
upper limits for TS1 surfaces under normal conditions.
TS2
\ jury in
some circumstances. The occurrence of a byrn \ e will largely
bntact
area, contact material, and other factors, a-J S se an
upper
limits for TS2 surfaces.
TS3
A TS3 thermal energy source injury
immediately on contact its for
a TS3 surface because dered
to be TS3. Within the s bntact
i Z s source may cause an injury requiring
surfaces require that maximum level of
/All surfaces may be treated as TS3|if not
(Table 42 — Touch temperature limits)

area of contact. As the thermal capacity and conductivity will normally remain

constant for a given surface, the limits here are expressed in degrees
typical material types and contact durations.

C for

For very long term contact (> 10 min), the temperature below which a burn will

not occur converges towards 43 °C for most materials (see ISO 13732-1:
Table 1.) Studies carried out on portable IT Equipment have shown th
long term contact, a surface temperature will drop by between 5 °C and
when in contact with the body due to the cooling effect of the blood circul
On this basis, and taking account of the probability that long-term conta

2006,
at for
12 °C
ation.
ct will

normally be insulated by clothing or some other form of insulation, the TS1
temperature limit for contact periods greater than 1 min in Table 42 are

conservatively chosen as 48 °C for all materials.
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Examples of products with surfaces where expected continuous contact
durations greater than 1 min include joysticks, mice, mobile telephones, and
PDAs. Any handles, knobs or grips on the equipment that are likely, under
normal usage, to be touched or held for greater than 1 min are also included.

For surfaces that are touched for shorter contact durations (up to 1 min), the
temperature below which a burn will not occur is influenced by the material
type as well as other factors. Because the contact time is shorter, there is
insufficient time for heat transfer to cause the cooling effect described above,
so it is not considered in the limits. The TS1 temperature limits in Table 42 for
contact durations up to 1 min are taken directly from 1SO 13732-1:2006,
Table 1.

—Examptes—of surfaces—withrcomtactdurationrs—up—to—tTmimimctude—tandies 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 expe

Even shorter term contact may occur for surfaces sugh™as push witch,
volume control; computer or telephone keys. In this ‘case S ill not
normally be touched for a duration greater tha 3 viperature
limits in Table 42 for these surfaces are based\on the imits in
ISO 13732-1:2006 for contact durations of 2006,
Figure 2, Figure 5, Figure 6, Figure 7).

For surfaces that are accessible b otbe touchéd to operate the

equipment, contact duration of up t i . For healthy adllts, a
minimum reaction time of 0,573 . more general
applications, i i (see 1ISO 13732-132006,
or these surfaces are pased

gr contact durations of 1 $ (see

igure 6, Figure 7). More conserpative

are chosen for metal and glass to

d-reaction time while in contact yith a

gneral enclosure surfaces accessiblg print
ssible
bld or

ondition arising, the user is less likely to tough the
tact with accessible surfaces is likely to be very|brief.
an those allowed under such ISO 13732-1 are permitted.
ass surfaces, the limit is 100 °C (IEC 60065:2010, Tahle 3).

ontact) durations between 1s and 10s, ISO 13732-1:2006 pragvides
€ ranges over which a burn may occur rather than precise [imits.

[ res account of the uncertainty that applies to the occurrence of burn
injury~over shorter periods (see I1ISO 13732-1:2006, 4.1). The texture ¢f the

surface can also be a factor in the occurrence of a burn and this is not|taken
into account in the limits in 1SO 13732.1:-20086 (cnn 1ISO 137132 ’I-‘?nﬂR’ y 51)

As most surfaces in IT equipment will have some texturing, values at the higher
end of the spreads have been chosen.

When contact with a TS1 surface is unlikely due to its limited size or
accessibility, a temperature up to 100 °C is acceptable if an instructional
safeguard is provided on the equipment (see IEC 60950-1:2005, Table 4C,
IEC 60065:2001, Table 3).

In the case where a surface must be hot in order to carry out its function, the
occurrence of contact with the surface or a subsequent burn injury is unlikely if
the user is made aware that the surface is hot. Thus, a temperature up to
100 °C or higher is acceptable if there is an effective instructional safeguard on
the body of the equipment indicating that the surface is hot (see IEC 60950-
1:2005, Table 4C, and IEC 60065:2001, Table 3).
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