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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) The International Electrotechnical Commission (IEC) is a worldwide organization for st
all national electrotechnical committees (IEC National Committees). The obje

this end and in addition to other activities, IEC publishes International Standargs i e ifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides d

Publication(s)”). Their preparation is entrusted to technical committees; a
in the subject dealt with may participate in this preparatory work.
governmental organizations liaising with the IEC also participate in fkj

agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical mattg S possible, an international
consensus of opinion on the relevant subjects since eac
interested IEC National Committees.

3) IEC Publications have the form of recom

4)

5) Independent certification bodies provide conformity

marks of conformity. IEC is not responsible for any

6)

7) employees, servants or agents including individual experts and
C National Committees for any personal injury, property damage or
whether direct or indirect, or for costs (including legal fees) and

the publication, use of, or reliance upon, this IEC Publication or any other IEC

8) ormative references cited in this publication. Use of the referenced publications is

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

IEC 62368-2, which is a technical report, has been prepared by subcommittee 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:

— notes/explanatory matter: in smaller roman type (also in green if colour is available);

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

the stability date indicated on the IEC
related to the specific pubji€ation his

brsite\under
date bli¢ation will be

* reconfirmed,
* withdrawn,
+ amended.

A bilingual versi hay be issued at a later date.

IMPORTA
that it contains colours which are considered to be useful for the correct
understanding of\ifs contents. Users should therefore print this document using a
colour printer.
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AUDIO/VIDEO, INFORMATION AND
COMMUNICATION TECHNOLOGY EQUIPMENT -

Part 2: Explanatory information related to IEC 62368-1

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

Rationale: By definition, a skilled person has the education and Xp i > identify all
class 3 energy sources to which he may be éxpo b ile servicing
1y be exposed to

ifferent location may be likely.
ire an equipment safeguard solely for

Clause 1
Purpose: i applicability of this standard and the exclusions
Rationale: irements for functional safety. Functional safety is

. Because the scope includes computers that may
functional safety requirements would necessarily

Clause 3 ms and definitions

Rationale is provided for definitions that deviate from IEV definitions or 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 Documents
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Purpose:

Rationale:

3.3.5.2

Source:
Purpose:

Rationale:

3.3.5.5

Source:
Purpose:

Rationale:

3.3.5.6

Source:
Purpose:

Rationale:

3.3.6.6

Source:
Purpose:

Rationale:

3.3.7.8

Source:
Purpose:

Rationale:

3.3.8.1

Source:
Purpose:

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
To support the concept of safeguards as used in this standard.
See 3.3.5.1, basic insulation.

solid insulation

IEC 60664-1:2007, 3.4

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

IEC 60664-1 defines insulation as material
parts. The IEC 60664-1 definition is modifi

\_an energy

as used in this standard.

ructed persons” and “skilled persons” as used in this

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

To describe that the standard does not generally address foreseeable misuse.

The scope excludes consideration of foreseeable misuse that might lead do an
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. Documents
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Rationale: 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”.

3.3.8.3 skilled person

Source: IEV 826-18-01

Purpose: To use the terms used in this standard.

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

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

3.3.14.5 prospective touch voltage

Source: IEV 195-05-09

Purpose: To properly identify electric shock energy source voltages.

Rationale: The IEV definition is modified to delete “animal’. is also
deleted as all of the requirements in the standard \ respest tovpersons.

3.3.14.10 working voltage

Source: IEC 60664-1:2007, definition 3.5
Purpose: To distinguish between r.m.s. working ing voltage.

Rationale: The IEC 60664-1 definition is modified to(d .m. FC 62368-1 uses both

3.3.15.2 class Il construction
Source: IEC 60335-1:2001, 3.3.1

Purpose: %f ard, for completeness, it was decided
Rationale: anged to fequipment”.

Clause 4

Purpose: C i e and determine whether or not safety is involved.
Rationale: blish Ywhether or not safety is involved, the circuits and

vhose fault was simulated may comprise a safeguard.

Rationale is provided for questions regarding the omission of some traditional
requirements appearing in other safety standards. Rationale is also provided
for further explanation of new concepts and requirements in this standard.

functional insulation

Purpose: To explain why the standard has no requirements for functional insulation.

Rationale: 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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functional components

Purpose: To identify the conditions for consideration of functional components as
safeguards.
Rationale: 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,
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 functional

component, there shall not be any safety consequence - , a benign
consequence), or a basic, supplementary, or reinforce § all remain
effective.

In some cases, a pair of functional components afeguard. If
the fault of one of the components in the yai ¢ w the second
component, then the pair must be de3|g double safeguard. For
example, if two diodes are employed in se t a~hattery from reverse
charge, then the pair must comprise a4 doubl S and the components
must be limited to the manufacturer g ally tested. A second
example is that of an X-capacit d” disg a_resistor. 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/component t_be limited to values for ES1 under

normal operating conditio ; lues for ES2 under single fault

conditions.
4.1.1
Purpose:

Rationale:

egudrd parameters. Examples of safeguard components are
ing with IEC 60384-14 and other IEC component standards.
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4.3.2 Safeguards for protection of an ordinary person

Ordinary person safeguard requirements

Ordinary
person

Reinforced
safeguard

~
. Supple- N
Basic
mentary )
safeguard safeguard -
S

s ™
Energy Basic
safeg}evﬂ'l

4.3.3
Instructed perso d requirements
Instructed
person
safeguard
class 2
Documents
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4.3.4 Safeguards for protection of a skilled person

Skilled person safeguard
requirements

Skilled
person

Energy
class2

4.4.3 Composition of a safeguard Q
Purpose: To specify design and of~a single safeguard (basic,
supplementary, or reinforced i more than one element, for

example, a component g

Rationale: ogeneous component. Indeed, some

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

4.4.5

Purpose:

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

Clause 5 Electrically-caused injury

Purpose: 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 Electrical energy source classifications

Source: IEC/TS 60479-1 and IEC 61201

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

Rationale: 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.

Purpose: ES1 may be accessible to an ordinary person with no safeguards

Rationale: 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).

Purpose: ES2 may be accessible to an instructed person with no safeguards and to an
ordinary person under a fault condition of a basic safeguard.

Rationale: IEC/TS 60479-1:2005 (see Figures 20 and 22; Tables ~zone AC-2
and zone DC-2; usually no harmful physiological eff S igixe 1 and
Figure 2, Table 1 in this standard).

Purpose: ES3 is not accessible to an ordinary person nox’to i grson under
normal conditions or under a fault condition s and circuits
classed ES3 may be accessible to a skilled ferso

Rationale: IEC/TS 60479-1; zone AC-3 and zone ioldgical effects may

occur (see Figure 1 and Figure 2, Tah is standard).
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ms
10 000 e
a b B P
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5000
— AC-4.1
X 5 ‘
2000 AC-4.2
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\ AC-4.3
— .
T 1000 3 - X
. e\ X
500 X
2
2 AC-1 AC-2 AC-3 \ AC-4 %
= N 2
o 200
: G RO
© 100
c
§e]
g 50
]
: \
L
:\\
20 = \
" / D)
0,1 500 1000 2000 5000 10000 mA
IEC 1000/05
lcurrent zones of effects
of 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)

Zones Physiological effects

AC-1 /\\Q\Q 0\? m curwe\a Perception possible but usually no startle reaction

AC-2 O,M up\to ¢ b Perception and involuntary muscular contractions likely but usually 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 occur.
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,
breathing arrest, and burns or other cellular damage. Probability of
ventricular fibrillation increasing with current magnitude and time.

cp—cy AC-4.1 Probability of ventricular fibrillation increasing up to about
5 %.

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

Beyond curve c, AC-4.3 Probability of ventricular fibrillation above 50 %.

a8  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
considered.

Documents

Document Sharing Hub

Full document details: IEC TR 62368-2 2011


http://www.avadocuments.com/doc/iec-tr-62368-2-2011
http://www.avadocuments.com/doc/iec-tr-62368-2-2011

-12 - TR 62368-2 O IEC:2011(E)

ms
10 000 ‘ ‘
a b ct cpeg
5000 2 D
?E: - DC‘-4.1 ‘%
2000 Ei‘\\% DC4.2
)
T —_g\ DC-4.3
1000 %
. 50 X
& DC-1 \Dgl \
o 200 N
3 \) §
5 100 X
(e}
i \
E 50 X
20
10

0,1 0,2 05 1 2 500 1000 2000 5000 10000 mA

IEC 1002/05

60479-1:2005, Table 13)

Zones
DC-1 W A (h‘{e} Slight pricking sensation possible when making, breaking or rapidly
altering current flow.

AN
DC-2 ¥ ere b Involuntary muscular contractions likely, especially when making,
breaking or rapidly altering current flow, but usually no harmful

electrical physiological effects

Physiological effects

DC-3 curvé b and above Strong involuntary muscular reactions and reversible disturbances of
formation and conduction of impulses in the heart may occur,
increasing with current magnitude and time. Usually no organic
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 %.

3

a8  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
dog N
AC/DC -2 | let go
reshold of
fibrillation
AC/DC -1 |
Energy

electrical energy source 1 (ES1): levels are of such a value that they do 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 exceed

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; AIEE
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 and 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
work of Dalziel which provides clear data for men, women and children. Since
we are working with consumer appliances under this standard we need to
provide protection for children, which are generally consjde
case.

The formulas of IEC 62368-1:2010, Table 4
investigations.

Source: IEC 60950-1 and IEC 61201:2007(see Tabte
Purpose: Voltage values for ES sources.
Rationale: In most cases the electrical powe

practical for the designand testig

limits are taken from IEC 60950-1, based on

nits €Correspond to the limits of SELV circuits of IEC 60950-1
A.1 of IEC/TS 61201:2001 environmental situation 3 (dry).

imits correspond to the limits of TNV circuits of IEC 60950-1
able A.1 of IEC/TS 61201:2001 environmental situation 3 (dry)

he basis for setting limits for combined a.c. and d.c. touch current is from the
work~of Dalziel which provides clear data for men, women and children. Since
we are working with consumer appliances under this standard we need to
provide protection for children, the worst case.

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

4 Special applications

a

b

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

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

AN

current
Source:
Purpose:
Rationale:
documented in
current has the sam
IEC/TS 60479-2:2007). Fb
5.2.2.3

Source:
Purpose:
Rationale;

100 Hz) is
increasing

Thewalues for ES2 are derived from Table A.2 (IEC 61201:2007).
The values for ES1 are calculated by dividing the values from Table A.2

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

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.

Full document details: IEC TR 62368-2 2011
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Table 4 — Limit values of accessible capacitance (threshold of pain) —
(IEC 61201:2007)

u(v) C(uF) U(kV) C(nF)

70 42,4 1 8,0

78 10,0 2 4,0

80 38 5 1,6

90 1,2 10 08

100 0,58 20 0.4

150 0,17 40 0,2

200 0,091 60 0,133

250 0,061 N

300 0,041 <\

400 0,028 \

500 0,018 NERAN

700 0,012 AN \>
5.2.2.4 Single pulse limits

Source:
Purpose:
Rationale:

Full document details: IEC TR 62368-2 2011
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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
\
5 % of the 50 % of the 95 % of the
population population population

25 2100 3875

50 1600 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
1000 575 A\ ;ﬁ; A

Asymptotic value 575\ L \M75/\N B 1050
N \
NOTE 1 Some measurements indicate th istawurmnt path hand to foot

is somewhat lower than for a cur (10 % to 30 %)

5.2.2.5

Table 10

Source: 60479-2 and IEC/TS 60479-1
Purpose: 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 peak
values of Table 4 are used.

For repetitive pulses with a pulse-off time more than 3 s the limit values of
single pulses from Table 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 Audio signals

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

Purpose: To establish limits for touch voltages for audio signals.

Rationale: 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:

— the output is measured with the load disconnected (worst case load);

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

— normally, it is recommended to the user, in the instr antal ptovided
with the equipment, that all connections be rprade with ¥
“off” condition. In this case we could copsider the

person;

— in addition to being on, the equipme be playing some
program at a high output with onnected to achieve the
proposed limits (although possible ' istorically, no known
cases of injury are known for i ith nen-clipped output less than
71V r.m.s;

the National Electrical

5.3.2
IEC 1343/11
Figure 4 — Safeguards between an energy source and an ordinary person
5.3.21 Safeguards between energy source ES1 and an ordinary person
Source: IEC/TS 60479-1
Purpose: No requirement for a safeguard.
Rationale: 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:
Purpose:
Rationale:

5.3.3

5.3.3.1

Source:
Purpose:
Rationale:

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
At least two safeguards, one basic and one supplementary.

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

S3, (IEC/TS
ding after a

Protection of an instructed person

Instructed person

- 4-.

IEC 1344/11

ards between ES1 or ES2 and an instructed person

IEC/TS 60479-1
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 Safeguards between ES3 and an instructed person

Source: IEC/TS 60479-1

Purpose: At least two safeguards, one basic and one supplementary.

Rationale: 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.)

5.3.4 Protection of a skilled person

5.3.4.1 ‘ ds betweey or ES2 and a skilled person

Source:
Purpose:
Rationale; S there is usually no reaction of the human body when

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 Safeguards between ES3 and a skilled person
Purpose: Unintentional contact has to be prevented.
Rationale: A skilled person has the knowledge that there may be harmful physiological

effects when touching ES3. (See Figure 6 in this standard.)

5.3.5 Safeguards between energy sources

5.3.5.2 Safeguards between ES1, ES2 and ES3

Purpose: At least one basic safeguard between ES1 and ES2.

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

Rationale: 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).

Purpose: Example of determination of ES1 class for interconnected sources.

Rationale: 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.

Example A, normal operating condition

EXA

A normal ope,( ting c{\nq tions
40V d.c. A °”S\‘i -
A [Ko 2&0 » [ n/a
I B B 20 (L OY \o 0 | n/a
c 0\ \o~] 0 | 40 | n/a
D0 Y 06 0| 0 [n/a
C /By n/an/2 | n/a | n/a | n/a

LI N\F %
All voltages are within I|m Term S A Wd E may be accessible. If A, B, C,or D is
connected to E, the results h sam

%&%}\ult onditions (capacitor short-circuit)

EXAMPLE B

single fault conditions

\> volts d.c.
Q 4 Vd A B C D E
A 0 40 | 40 | 80 | n/a
B 40 0 0 40 | n/a
C 40 0 0 40 | n/a
D 80 | 40 | 40 0 | n/a
C E n/a | nf/a | n/a|n/a|n/a

40V d.c
D

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 Protection of ES2 against ES3

Purpose: At least two safeguards between ES2 and ES3, one basic and one
supplementary.

Rationale: 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).

5.3.6.2 Contact requirements

Source: IEC 61140:2001, 8.1.1; IEC 62368-1:2010, 4.3

Purpose: Determination of accessible parts for adults and children. Tests are in
IEC 62368-1:2010, Annex V.

Rationale: For voltage below 420 V peak (300 V r.m.s.) no clearance dQwn will occur

according to “Paschen-law”.

5.3.6.3 Compliance
The reason for accepting different requiremen ¢ is because
you cannot expect your supplier to make differe K for each end
application.

5.3.6.4 Terminals for connecting stripped

Source: IEC 60065

Purpose:
Rationale:

5.4

Rationale: [ and\compliance criteria are taken from the

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

5.4.11 Insulation

Source: IEC 60664-1 (IEC 62368-1:2010, 5.4.2 and 5.4.3)

Purpose: Provide a reliable safeguard

Rationale: 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.

5.41.4 Frequency
Source: IEC 60664-4
Purpose: To address insulation requirements for frequencies above 30 kHz.

Rationale: 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 marking of 70 °C are referenced in IEC 60364-4-
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;

mains.
5.4.1.6 Pollution degrees
Source: IEC 60664-1

Purpose:
Rationale:

5.4.1.7

Source:
Purpose:
Rationale:

5.4.1.8

Source:

Purpose: RQr clearanges:

ance can be determined in accordance with 5.4.2.7; or

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 that is not less than the peak of 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 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.
5.4.1.9.2 RMS working voltage
Source: IEC 60664-1:2007, 3.5
Purpose: RMS working voltage is used when determining minimum creepage distance.

Rationale: See |IEC 60664-1:2007, 3.5.

5.4.1.9.3 Peak working voltage
Source: IEC 60664-1:2007, 3.8
Purpose: The peak working voltage is used when determi

withstand voltage for minimum clearances and
strength test.

Rationale: In other product safety standards “Circuit sdpylie mains” has been
used for a “primary circuit”. “Circuit isolated - i as been used for

a “secondary circuit”.

5.4.1.11

Source:
Purpose:

Rationale:

5.4.2

5.4.2.1

Source:
withstapd voltage for that clearance. This concept is taken from IEC 60664-
1:2007, 5.1.

Purpose: 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. Documents
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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
ordinary persons. Simulates accidental contact of part of the hand;

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

— 250 N applied to external enclosures (except

surface of heavy equipment (> 18 kg).

During the force tests metal surfaces sh
hazardous voltage.

5.4.2.3

Source:
Rationale:

Procedure for determining minj

5.4.2.41

Source:
Rationale:

5.4.2.4.3

Source:
Purpose:

Rationale:

Purpose: It is expected that external circuits receive a transient voltage of 1,5 kV peak
with a waveform of 10/700us from sources outside the building.

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 protective earth, functional earth inside or immediately outside the
equipment. It is assumed that all earths are bonded together~Ffigure 8 in this
standard shows the definition of the various voltage oaxial-cable
interfaces.

»
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EUT

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

Paired conductor interface — shielded cable

EUT Q

Figure 7 — lllustration of transient voltages on paired conductor external circuits
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EUT

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

Coaxial cable interface —earthed at both ends

EUT

Purpose:

Rationale:

5.4.2.5.1

Source:

Rationale:

5.4.2.5.2

Rationale:

5.4.2.54

Rationale:

hed at building entrance
hed at equipment

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

Mains transient voltages

IEC 60950-1 and IEC 60664-1:2007 (3.1)
The rules are developed in alignment to IEC 60664-1.

DC source transient voltages

Transient overvoltages are attenuated by the capacitive filtering.

Combination of transient voltages

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

5.4.2.7 Determination of the minimum clearances

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

Rationale: 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
reinforced insulation 5.1.6 states clearance shall be to the corresponding rated
impulse voltage that is one step higher for voltages in the pfeferred series. 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 i peak voltdges are
higher than the mains peak voltages, or if th ired Wi voltage is
above the mains transient voltage values.

No values for PD 4 (pollution generates istenfyconductivjty) are included,

as it is unlikely that such conditions a ent_when\usirig products in the

scope of the standard.

For frequencies above 30 kHz the able 19 are the same as in

5.4.2.8
Source:
Purpose: At i S oltage or a.c. voltage with the values

Rationale: i ol S 1 e 21 are taken from IEC 60664-1:2007,

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 polyester
Rjelectxic constant for Polyester: 5 (can vary)
Dielectfic constant for air: 1

Formula used for calculation (voltage divides inversely proportional to the
dielectric constant)

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

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 2 480 20 2 950 /24\ 2 926
0,04 0,6 2 500 2 467 33 2 950 /Q 39 2 911

For 2 500 V peak impulse (transient for 230 V system), the homogenous field m {{rom Table
A. 1 of IEC 60664 1:2007). Our test voltage for 2 500 V peak is 2 950 V peak f m Kable 21> Th| meaps that a
impulse
test. This gives us a margm of (0,19/0,6) x 100 = 3,2 %. In actual practige, th i igher as it is
not a true homogenous field. Therefore, we do not need to verify complia are always on
the safe side. ?p\

Material: Polyamide, dielectric constant = 2,5 )
0,04 2 2 500 2 480 ;z( 2\@ 23 2 927
0,04 1 2500 2 460 R lQo g / . 2\9\50 46 2 904
0,04 0,6 2 500 35 ~ }B/ / { 2 95@ 76 2874

not a true homogenous field. Kherefore, we \do nat need to verify’compliance with Table 20. We are always on
the safe side.

5.4.2.9

Source:
Purpose:

Rationale:

5.4.3

Source:
Purpose:
Rationale: Preserve safeguard integrity.

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

However, there is no rationale why the creepage distances are different for
printed wiring boards and other isolation material under the same condition
(same PD and same CTI).

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 durlrﬁ
normal operation. ents
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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.

5.4.3.21 Test conditions

Source: IEC 60664-1:2007, 3.2

Purpose: Measurement of creepage distance.

Rationale: To preserve safeguard integrity after mechanical tests.
Annex O figures are similar/identical to figures in IEC 60950-1 and
IEC 60664-1.

Tests of Annex T simulate the occurrence of mechanical forces:
— 10 N applied to components and parts that are likely (to bextouched by a

skilled person during servicing, where displacement o e-partxeduces the
creepage distance. Simulates the accidental contact finger~qr part of
the hand

— 30 N applied to internal enclosures and harri t are acgcessible to

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

equment and
during use or

movement.
— 250 N applied to external en Isu es Ose covered in T.4).

Simulates expected fo ce whe y agai he equipment surface. It is
not expected that su : ,
equipment (> 18 kg).

Creepage distances are C performing the force tests of Annex T.

5.4.3.2.2

Source:
Rationale:

5.4.3.3

Source:
Rationale:

5.4.4

Source:
Purpose: oprevent breakdown of the solid insulation.
Rationale: To preserve safeguards integrity.

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

Except for printed boards (see G.18), the solid insulation shall meet the
requirements of 5.4.4.4 — 5.4.4.7 as applicable.

5.4.4.2 Minimum distance through insulation

Source: IEC 60950-1

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

Rationale: 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 withﬁ hammer

blow of 0,5 Nm. ocuments
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