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INTERNATIONAL ELECTROTECHNICAL COMMISSION

Explanation-c— oo ien bac e e adra e e e e e ooy
between-circuits-and-useof PELV and background information on

electrical safety requirements in TC 34 standards

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for
standardization comprising all national electrotechnical committees (IEC National Committees).
The object of IEC is to promote international co-operation on all questions concerning
standardization in the electrical and electronic fields. To this end and in addition to other
activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC
Publication(s)"). Their preparation is entrusted to technical committees; any IEC National
Committee interested in the subject dealt with may participate in this preparatory work.
International, governmental and non-governmental organizations liaising with the IEC also
participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two
organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as
possible, an international consensus of opinion on the relevant subjects since each technical
committee has representation from all interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted
by IEC National Committees in that sense. While all reasonable efforts are made to ensure that
the technical content of IEC Publications is accurate, IEC cannot be held responsible for the
way in which they are used or for any misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC
Publications transparently to the maximum extent possible in their national and regional
publications. Any divergence between any IEC Publication and the corresponding national or
regional publication shall be clearly indicated in the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies
provide conformity assessment services and, in some areas, access to IEC marks of conformity.
IEC is not responsible for any services carried out by independent certification bodies.

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

7) No liability shall attach to IEC or its directors, employees, servants or agents including
individual experts and members of its technical committees and IEC National Committees for
any personal injury, property damage or other damage of any nature whatsoever, whether direct
or indirect, or for costs (including legal fees) and expenses arising out of the publication, use
of, or reliance upon, this IEC Publication or any other IEC Publications.

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

9) IEC draws attention to the possibility that the implementation of this document may involve
the use of (a) patent(s). IEC takes no position concerning the evidence, validity or applicability
of any claimed patent rights in respect thereof. As of the date of publication of this document,
IEC had not received notice of (a) patent(s), which may be required to implement this document.
However, implementers are cautioned that this may not represent the latest information, which
may be obtained from the patent database available at https://patents.iec.ch. IEC shall not be
held responsible for identifying any or all such patent rights.
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IEC TR 63139 has been prepared by IEC technical committee 34: Lighting. It is a Technical
Report.

This second edition cancels and replaces the first edition published in 2018. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) new title and scope to enable the adding of further new subjects to the content of this
document in the future;

b) new Clause 9 providing background information regarding the possible addition of currents
in a lighting installation where luminaires are interconnected via their control ports;

¢) new Clause 10 transferring Annex S of IEC 61347-1:2015 [1] (Examples of controlgear
insulation coordination) from the controlgear safety standard into this document.

The text of this Technical Report is based on the following documents:

Draft Report on voting
34/1416/DTR 34/1435/RVDTR

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

The language used for the development of this Technical Report is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

— reconfirmed,

— withdrawn, or

— revised.
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INTRODUCTION

This document provides background information to the following subjects being introduced into
IEC TC 34 standards to cover new technologies associated with the use of LED light sources
and controllable products.

This document consists of the following subdivisions:

Clause 4 --Mathematical-addition-of-working-voltages Calculation of increased working voltage

in case of insulation failure;

Clause 5 - Insulation between circuits following the circuits analysis in Clause 6;
Clause 7 - Use of protective extra low voltage (PELV);

Clause 8 - Insulation between LV supply and control line conductors;

Clause 9 - Summation of touch currents in a connected lighting system,;

Clause 10 - Examples of insulation coordination situations between controlgear and luminaire.
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This document provides explanations and background information on electrical safety
requirements in TC 34 standards.

2 Normative references

There are no normative references in this document.

3 Terms and definitions
No terms and definitions are listed in this document.

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

— |EC Electropedia: available at https://www.electropedia.org/

— 1SO Online browsing platform: available at https://www.iso.org/obp

4 Mathematicaladdition-ofworking-voltages-Calculation of increased working

voltage in case of insulation failure

Insulation requirements between live parts and accessible conductive parts as a function of the
controlgear input/output insulation classification and the insulation class of the luminaire are
given in-tEC-60598-1:2014,Table X-4-andEC61347-1:2045-Table 6 IEC 60598-1:2024 [2],
Table T.1 and IEC 61347-1:2024 [3], Table M.1.

Insulation requirements in TC 34 standards are based on a hazard assessment with the
assumption that a certain failure will occur.

The required insulation is normally based on the working voltage U, but in some specific
failure cases when the basic insulation between supply and output of a controlgear fails, the
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supply voltage-sheuld-be is added to Ug 1. For controlgear with double or reinforced insulation
between primary (UgyppLy) and secondary (Ug) this type of failure is not expected.

In case of failure of the basic insulation within the controlgear the following assumptions are
made:

— there is an increased output voltage,

— the luminaire remains working, and the increased voltage is present for a time long enough
to create a conduction track across the insulation (known as tracking).

For 50/60 Hz transformers inside the controlgear, this failure condition results in the addition of
the voltages that can be calculated by the simple summation of the two values. In electronic
controlgear this situation-may can result in a more complex summation due to the complexity
of the oscillating circuit that-may can influence the result.

The best method to check the output voltage in case of insulation failure is to measure the
output voltage directly on a sample of controlgear with the fault simulated. The failure of the
insulation and the output voltage-should-be is measured against earth (or zero potential). This
method has been found not to be practical due to the following reasons:

— differing supply conditions (voltage/frequency);
— difficulty in simulating exactly the failure condition;
— difficulty in making accurate and reproducible measurements.

For the above-mentioned reasons the mathematical calculation of the sum of the voltages has
been found to be more appropriate, reproducible and easy to calculate, even if the result-may
can in some cases be lower than the real measurement. Designing and testing the insulation
properties of the output circuit with an increased voltage value is considered as a necessary
safety provision to cover this first failure condition which can occur inside basic insulated
controlgear.

The approximation given by the mathematical calculation is considered to provide sufficient
severity, compared to the possible practical failure voltage, to ensure the safety of the product
through its lifetime. With the-selected appropriate formula in Table 1 most of the expected failure
cases are covered. Higher voltages occurring in very rare cases will not have any serious
impact.

The formulas used for combining the input and output voltages of the controlgear, with basic
insulation between supply and output, are given in Table 1.

Table 1 — Addition of voltages

Usupply Uour Phase relationship Voltage calculation for insulation design
AC AC Same frequency and | See Formula (1)
no phase shift
AC AC Same frequency and See Formula (2)
with phase shift
AC AC Different frequency See Formula (3)
AC DC No phase shift See Formula (4)
DC AC No phase shift See Formula (5)
DC DC No phase shift See Formula (6)

NOTE 1 Voltages in this Table 1 are RMS values.

NOTE 2 The AC and DC calculation is typical for LED applications.
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U = Unci + Uncz

U= \/Uﬁzxm + URcy + 2Unc1Unc2€0s9

U= ,’U,§C1 + UAZCZ
=Y 5 UZ‘/Uéc"‘UKc

U = Upcy + Upc:

Figure 1 shows the simulation of the possible fault between input and output terminals (red line)
with the mathematical calculation providing the expected output voltage that-may can occur.

Controlgear

supply out

IEC
Figure 1 — Input/output failure simulation

For background information, Formula (4) and Formula (5) for the specific case of a combination
of an AC and DC voltage are derived from the following Formula (7) to Formula (11). It-may can
be regarded as a showcase for any of the formulas from Table 1.

Value U is the RMS value (Ugpyg) of the voltage u(t).

. [ [ ur(tydt 7)

T B WA
U=Ugys =1 (1) U= -

In the particular case given, u(?) consists of an AC (sinusoidal) part with peak voltage U, and
frequency w and a DC part Up. It can be derived that

(1)

(2)

(3)

(4)

(5)

(6)
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[y wA®ydt [ (Usin(wt) + Upc)®dt
T B T
vt 20,Ups (T . L ®)
= TJ- sin®(wt)dt + J- sin(wt)dt + TJ- Upcdt
0 0 0

U? =

Evaluating this integral yields

2T

_ 2U,Upc

T cos(wt) | =T + ZU.T 9)

U2 = (t —lsm(wt)cos(wt)) | =1

L (10)
=~ tUbc

And thus,

UZ
U= f7l+u,§cz /U}(C+Ugc (11)

5 Insulation between circuits

5.1 General

New requirements have been added to those in IEC 60598-1 [4] and IEC 61347-1 [5] concerning
the requirements for insulation between different types of circuit and to conductive accessible
parts. For insulation requirements between-active live parts and accessible conductive parts
and examples of controlgear with different insulation systems, see Table 2 and Figure 2.

In case of a failure in the basic insulation, with the assumptions made in Clause 4, between the
supply voltage and the output circuit, the insulation in the secondary circuit will have an increase
chance of failing; this can be regarded as a follow up failure, which is by definition still a single
fault. This means that the insulation in the secondary circuit-sheuld must be able to cope with
this higher voltage.

The explanations in the paragraph below provide information regarding the technical rationale
associated with these requirements.

The numbers in brackets (1) to (18) detailed in Table 2 refer to the content of {1EC-60598-1:2014;
FableX-tandEC 6134712015, TFable 6 IEC 60598-1:2024 [2], Table T.1 and IEC 61347-
1:2024 [3], Table M.1. A comparison with possible failure conditions is shown in Figure 3 to
Figure 7. Each combination has been evaluated and the consequences are listed in 5.3 with
the requirements for the insulation which is needed for each numbered case.

5.2 Insulation requirements between-active live parts and accessible
conductive parts

Explanations to the application of the insulation requirements are given in Table 2
and Figure 2.
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Table 2 - Insulation requirements between-active live parts and
accessible conductive parts

Controlgear

Required insulation between-active live parts and accessible conductive parts

Insulation Output Class Il Class Il
between voltage Class | . . .
LV mains Insulation of Insulation of more than one accessible
supply Insulation of one accessible conductive part without equipotential
and accessible conductive bonding
secondary earthefi part or more
circuits conductive than_ one w!th
parts equipotential
bonding
None Uyt > (1) (7) (13)
Hsupply Basic Double or Double or reinforced insulation complying with
mains insulation reinforced Ugut
supply complying with | insulation
out complying with
out
Ugut £ (2) (8) (14)
H‘supply Basic Double or Double or reinforced insulation complying with
mains insulation reinforced Hlsupply mains supply
supply complying with | insulation
LLVsupply mains complying with
supply L¥ mains
supply
Basic Voltages (3) (9) (15)
above ) . ) . .
ELV Basic Supplementary Insulation has to fulfil the higher requirement of
insulation insulation a) or b):
complying with | complying with | 5y sypplementary insulation complying with
out Uout L"suapw Uyt 2+ added with mains supply
added with
mains supply b) Double or reinforced insulation complying
with U,
ELV (4) (10) (16)
(FELV) ) . . . .
Basic Supplementary Supplementary insulation complying with U, +
insulation insulation Ly added with mains suppl
complying with | complying with supply PPy
out Uout 4L‘L_"lsupply
added with
mains supply
Double or | Voltages (5) (11) (17)
reinforced | above . L . . ) ) . .
ELV Basic Basic insulation | Double or reinforced insulation complying with
insulation complying with U,
complying with out
out
ELV (6) (12) (18)
SELV
( ) Basic Basic insulation | Basic insulation complying with U_ ,
insulation complying with

complying with
out

See also
requirements
in

4:2014-and
|EC 80598~
1:20144
Sections- 8,10
and-14 |[EC
60598-1:2024
[2], Clause 10,
Clause 12 and
Clause 13

out

See also
requirements in
|EC 80598~
1:2014-and
IEC 80598~
420144
Sections- 8,10
and-1+4 IEC
60598-1:2024
[2], Clause 10,
Clause 12 and
Clause 13

See also requirements in-tEC-60598-1:2014-and
IEC 60598-1:2014/
AMD1:2017-Sections-8,10-and-14 |IEC 60598-
1:2024 [2], Clause 10, Clause 12 and Clause 13
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Controlgear Required insulation between-active live parts and accessible conductive parts
Insulation Output Class Il Class Il
between voltage Class | A A A
LV mains Insulation of Insulation of more than one accessible
supply Insulation of one accessible conductive part without equipotential
and accessible conductive bonding
secondary earthed part or more
circuits conductive than one with
parts equipotential
bonding

NOTE 1 The content of this Table 2 is identical to that of lEC-680598-1:2014,Table X IEC 60598-1:2024 [2], Table
T.1. The corresponding Table-6 M.1 in4+EC-64347-1+:2045 |IEC 61347-1:2024 [3] is technically equivalent.

NOTE 2 The numbers in brackets are used as references in Table 3.

NOTE 3 For addition of voltages, see Table 1.

U, Uout

supply

IEC

a) Controlgear without insulation between Usupply and Ug ¢

Usupply @ ] ‘ D Uout

IEC

b) Controlgear with basic insulation

Usupply @ ]H[ —D Uout

IEC

c) Controlgear with double or reinforced insulation

NOTE One red line between the primary and secondary winding of the transformer stands for "basic insulation
and two red lines for "double or reinforced insulation".

Figure 2 — Examples of controlgear with different insulation systems
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5.3 Possible failure conditions

Figure 3 to Figure 7 show detailed various failure conditions encountered in circuits for LED
products.

Controlgear

- Uout "~ Yout

\-.J\.a\.)v
(‘\""\f”‘ Yy

g

IEC

Figure 3 — Condition A: Failure between input and output circuits

Controlgear \ /\ /\/ o

LVsupply

Heat sink

Figure 4 — Condition B: Earth failure/equipotential bonding failure (interruption of the
connection continuity)

Controlgear \ é\ /

¥ LED module
N

{717
LVsupply

IEC

Figure 5 — Condition C: Insulation failure between output circuits and accessible
earthed metal part

12
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Controlgear \ /\

module

LVsuppIy

Heat sink [EC

Figure 6 — Condition D: Insulation failure between output circuit to conductive parts
which are connected together (equipotential bonding)

Controlgear \ /\ / C:

LVsuppIy

Heat sink
IEC

Figure 7 — Condition E: Insulation failure between output circuit and different
conductive parts not connected together (no equipotential bonding)

6 Circuits analysis

Table 3 provides an overview of the possible hazard related to the failure conditions described
in 5.3. Each combination has been evaluated and the consequences are listed with the
requirements for the insulation introduced in IEC 60598 series which are needed for each
numbered case in Table 2.

Table 3 — Circuit analysis overview

Table 2 Failure Consequential circuit analysis
references conditions (see
5.3)
(1) and (2) A NA
B The second line of defence is the basic insulation.
C The second line of defence is the earth connection.
D NA
E NA
(3) and (4) A The second line of defence is the earth connection.

(Consequential failures due to high voltage also protected by earth
connection).

B The second line of defence is the basic insulation.

(Otherwise different conductive parts which become unbounded-may can
have different potentials).

The second line of defence is the earth connection.
NA
NA
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