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IEC 61439-1, Table 6: Critical Errors in Temperature-Rise

Limits that Distort the Global LV Switchgear Market .

SOLUTION: replace the confusing Table 6 IEC 61439-1 by the transparent Table 14 of IEC62271-1.
Author: Sergio Feitoza Costa Cognitor — Consultancy, R&D and Training Ltd.

Introduction: IEC standards are normally written with great care. | know this with confidence, having contributed to
write some of them, such as IEC TR 62271-307 and IEC 60282-2. However, IEC 61439-1 is a sad notable exception. The
poor quality of its text creates misunderstandings and market barriers. For years, experts have highlighted these
problems, yet nothing changes. Is this resistance merely vanity or is there something deeper behind the refusal to
correct evident mistakes?

The main errors in Table 6 — Temperature rise limits of IEC61439-1 (CB=circuit-breaker)
Temperature rise limit K Sergio Feitoza Costa comments

Parts of
assemblies
Built-in

components

According to the applicable components
standards or the component manufacturer’s
instructions.”

WRONG: CB’s manufacturers may state limits such as 85
K, 90 K or 105 K without having to demonstrate that these
values do not cause extra-aging. The limit should refer to
the busbar connection in contact with the CB, terminal,
significantly lower. Should follow the explicit
temperature-limit tables of IEC 62271-1. Is like letting the
cat guard the milk.

Busbars and
conductors

Limited by:

—Mechanical strength of conductor materials
—Possible impact on adjacent equipment
— Permissible limits of insulating materials in
contact with conductors
—Temperature effects on connected apparatus
—For plug-in contacts, the nature and surface
treatment of the contact material.”

No understanding of laboratory testing, standards, or
substation equipment design.

For testing labs, it is simply unusable: they require clear
numerical limits to compare with measured results. It
does not meet even the basic principles of 1ISO 9001.

Note under

the table

Assuming all other criteria are met a
maximum temperature rise of 105K for bare
copper conductors shall not be exceeded.

Serious mistake: a 105 K rise means 105 °C + 40 °C = 145
°C. This leads to the false idea that the temperature limits
defined in IEC 62271-1, IEC 60943 and most IEC product

standards are incorrect. Some testing labs use this value
for connections.”

1. TEMPERATURE RISE: TEXT OF IEC61439-1 IS A BARRIER TO LIGHTER AND MORE EFFICIENT DESIGNS

The text of IEC 61439-1 has two impacting deficiencies that affect the world market of low voltage
switchgear. | alert about this for more than 10 years, but nothing changed in 2022 revision 2022 .

The first one and more important is the poorly written text in Table 6 on temperature rise limits. It mixes up
concepts (temperature X temperature rise) and induce errors like in the table above. These limits are the
key factor in defining project costs, directly affecting the weight and efficiency of the product. Higher
temperature rise limits means less use of copper or aluminum. Potential to lead to legal issues in bids. These
higher, by lack of definition limits, may be a signal that IEC standards limits for temperature rise could be
increased , as | propose in Section 3 of this article.

The second deficiency is the change in the temperature rise test method of section 10.10 of IEC 61439-1
(2022) . In IEC 60439-1 (TTA/PTTA) was allowed the use of 1 current source plus some resistors. IEC 61439-
1 is different and required, without significant or proved technical advantages, the use of , at least, two
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current sources plus resistors . Was there really an intentional change to create a much more difficult test
or did the bad writing mislead labs into thinking it's a much more complex test?

The fact is that the change has increased the cost and duration of testing and decreased the number of test
labs that can perform it. To exemplify, Brazilian laboratories that could perform the IEC 60439 test now say
they cannot perform it by IEC61439-1. | think that most do not understand the confusing text describing the
test method and temperature rise limits. | prepared an explanatory figure later in this text. This figure is my
interpretation of what is written there.

This change created an obvious barrier for manufacturers trying to develop more efficient designs. If
changing the method was really necessary it should be included in IEC61439-1 a statement to specify that,
“for new products derived from old designs already tested (original product & derived) it is necessary to re-
test using the new method in IEC61439-1". This would demonstrate coherence.

There is a paragraph in section 10.1 stating that “If the tests were made by IEC 60439, before the publication
of the product standard of series IEC 61439 and the results met the requirements of IEC 61439 tests need
not be repeated.” Reading this sentence, as the test method changed, previous temperature rise test should
be done again. It is obvious that this was not the intention.

To correct this error, IEC61439-1 should - at the very least - include a statement specifying that the "new"
test method is preferred, but the old one can be used alternatively. In addition, it must include an
explanatory figure, as shown below, making it clear what the IEC61439-1 temperature rise test is. Reading
this figure, possibly some laboratories will realize that they can perform the test.

This article seeks to question certifiers and testing laboratories about the criteria they use to approve or
certify low-voltage switchgear with respect to temperature rise. It also examines whether it is ethically
acceptable for a laboratory to issue an official third-party report without a clear ‘pass/fail’ conclusion—
especially in countries with few accredited laboratories, such as Brazil and other developing nations, where
such reports have major commercial consequences.

The text explains the differences between existing test methods and presents a proposal for CIRED to
evaluate whether the temperature-rise limits used in IEC standards could be increased. This change would
generate significant global savings in copper and aluminium. It is a concrete way to turn environmental
speeches into immediate, practical actions. Before approaching CIRED, | submitted the same proposal to
CIGRE, but they showed no interest.

2. HOW TESTING LABORATORIES & CERTIFIERS PROCEED USING TABLE 6

The background of these issues is that the low voltage switchgear market, currently valued at around $100
billion, is expected to grow by 35% by 2030, according to this “Facts & Factors” report. A technical standard
that allows for different interpretations, which imply different production costs, has a direct impact on
bidding processes and may even involve legal responsibilities.

Why different interpretations of Table 6 affect bids?

In the temperature rise test, passing or failing depends on the limits specified in the standard table. Temperature rise
is the main factor that defines project weights and costs. To pass the test, with a temperature rise of 105K
(temperature 40 +105=145 °C) the panel can be designed using much thinner copper bars than if you make a design
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not to exceed a temperature rise of 75K. (silvered) or 60K (bare). The manufacturer that designs and tests for 105K
will have a clear advantage over the one that designs for 60K or 75K.

It is not fair that the manufacturer who made the technically correct connections (60K/75K) is at a disadvantage in
terms of price. Laboratories and certifiers should consider this when preparing reports that will arrive to buyers.

However, most of them—by omission or lack of knowledge—do not examine the concepts behind the tables. The
technical competence within laboratories and certifying bodies has declined markedly over the past 20 years.
Teams have been reduced, and many professionals today are limited to operating the control room and pressing
buttons to start and end the test.

Regarding the impact of temperature-rise limits on product-development costs, the table below provides an
order-of-magnitude view for natural ventilation (180 cm?).

Temperature rise Limit (K) Power dissipation of main circuit breaker 3¢ (Watts)
150w 300W 600W
60K (bare) 1 x160x10 2 x 160x10 2 x 250x10
(50%) (100%) (156%)
75K (silvered / recommended) 2 x 120x10 2 x 140x10 2 x 160x10
(75%) (87%) (100% weight)
85K (if erroneously you consider 1 x 150x10 2 x 80x10 2x120x 10
the CB limit) (47%) (50%) (75%)
105K (understood by some people 1 x100x10 1x110x10 2x80x10
reading table6 of IEC61439-1) (31%) (34%) (50%)

Working above limits = much higher aging:
There is a serious aspect related to durability. According to the IEC TR 60943 document, connections in the

105K design will age at least twice as fast as if designed for 60 or 75K.
Read calculation on pages 112 to 117 of this book. https://www.cognitor.com.br/Book SE SW 2013 ENG.pdf .
Less aging of materials means less use of materials and effects on the environment.

Approving or certifying equipment for the market carries serious responsibility—both for those who draft
technical standards and for the laboratories and certifiers that apply them, thereby validating the standard’s
content in practice.

Procurement teams in the oil, chemical, mining and large-building sectors purchase LV switchgear in
significant volumes. Their perspective is important, even if they have never noticed the underlying problem.
Many assume that technical standards are perfect and unquestionable. My experience coordinating and
participating in IEC and ABNT working groups taught me the opposite. Standards are not ideal texts; they are
negotiated compromises among those present at the table. Participants who vote remotely often have only
a partial understanding of the document they approve.

The text of technical standards represents a negotiated compromise among the companies that draft them.
In the case of LV switchgear, most working-group participants are large international manufacturers that
license and sell their products worldwide. As a result, WG discussions tend to focus on short-term technical
points. IEC and IEEE standards place no emphasis on encouraging the efficient use of the planet’s resources,
for example saving copper and aluminium. When those drafting the text have no interest in change, weak
or flawed wording persists for years. The best example | know is IEC61439-1.
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Even good ideas like the “design rules” were not properly developed. They could advance in the same
direction of the competent IEC 62271-307 (high voltage switchgear). By, the way, nothing impeaches to use
the tables of IEC 62271-307 for LV switchgear.

Based on 25 years of conducting tests and managing large testing laboratories, | have learned that when a
third-party lab issues a test report without a clear pass/fail statement, it can create the misleading
impression that the equipment succeeded in the test—even when it did not.

In Brazil, where | live, it is more common to find test reports without statements “passed / failed”.

Very possibly, most of them are used for commercialization. | think that some buyers accept them because
they don't understand what's behind the tables and numbers or because they consider that having a
document in hand is enough to exempt themselves from the responsibilities.

If even laboratory experts cannot understand the temperature rise limits set in Table 6 of IEC61439-1,
imagine a purchasing user with small technical knowledge. | always recommend to my consultancy services
clients not to use testing laboratories that do not include those statements.

Sometimes | read statements in test reports claiming that the document is valid only for the specific sample
tested, or other wording intended to exempt the laboratory from responsibility for how the report will be
used. This ignores a simple fact: customers pay high fees for these tests precisely to obtain a report that can
be used for commercial purposes. My intuition is that such disclaimers do not remove responsibility.

The most frequent doubt of my consultancy customers for whom | do calculations, in countries around the world, is:
“What is the temperature rise allowed, in the test, for the connection between the circuit breaker
terminals and the busbar that feeds the breaker”. The hottest, critical spot for passing the test in general is over
there. This defines how much copper or aluminum will be spent in the construction.

The recommendation | give to my consultancy clients is to “do the right thing” because a day the confusions
caused by Table 6 of IEC61439-1 will be corrected. Until that happens, | recommend using the IEC62271-1
table, which is transparent and leaves no room for doubts.

Medium or low voltage panels use the same conductive and insulating materials and have the same
functions. Why would the requirements for low voltage switchgear be different from those appearing in
almost all other IEC standards?

Incidentally, by the rules of common sense, all IEC standards could reference a single temperature rise table.
The best candidate to be this table would be the one in the document.

IEC TR 60943 - GUIDANCE CONCERNING THE PERMISSIBLE TEMPERATURE RISE FOR PARTS OF ELECTRICAL
EQUIPMENT, IN PARTICULAR FOR TERMINALS. It is like the table in IEC 62271-1 (HV/MV switchgear).

The IEC TR 60943 is little known. | came across it, almost by chance, when it was published for the first time
by the Technical Committee 32 of the IEC — FUSES, when | chaired that committee. IEC TR 60943 explains the
fundaments of temperature rise limit values and even teaches how to calculate accelerated aging caused by
using temperatures above material limits. Look on pages 112 to 117 of this my book used in the trainings |
apply https://www.cognitor.com.br/Book SE SW 2013 ENG.pdf
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As an example of the calculations shown on these pages, using a temperature rise in the connections 10K
above the temperature rise limit allowed in the standard table, implies an aging that would reduce the
lifetime to about 33% (1/3). To understand better, if they were components with an expected useful life of
10 years, using 10K above the standard limit you would have to buy 3 instead of 1 in that 10-year period.

Returning to the recommendations | give my customers, if they want to use the undefined table 6 of
IEC61439-1 | explain that if the silver bus connection has a 75K limit (or 60 K in bare bars) and the circuit
breaker terminal supports 85K, the limit of the connection to say whether or not it passed the test, it is the
smaller of the two values (75K/60K) . It is the same concept of Note b of table 6 of the standard that mention
terminals to connect to external cables but do not mention the internal connections.

For those who want to risk using limits higher than 60/75K | comment that many buyers will accept it and
others not. Check Annex A to understand the main differences between tables and the confusing points of
IEC61439-1

3. PRESENTING A SUGGESTION TO CIRED on ASSESSING HOW MUCH TEMPERATURE RISE LIMITS USED
IN IEC STANDARDS CAN BE INCREASED

Temperature rise of 105K means a temperature of 40 + 105 = 145°C. From the point of view of temperature
rise, low and high voltage switchgear are the same and have the same functionalities and materials. For silver
coated connections, IEC62271-1 accepts a maximum temperature rise 75K which corresponds to a maximum
temperature of 75+40= 115°C.

The problem is that, reading Table 6 of IEC61439-1 the average reader may interpret the text as accepting
maximum temperature rise 75K, in a silvered connection. This means a temperature 105+40= 145°C. There
is no technical reason for the difference and one of the standards seems wrong or poorly written. Looking
at IEC TR 60943, the world's most comprehensive document on temperature rise, it is easy to see that IEC
62271-1is the best table to use.

The cause of potential problems in tenders is that a well-designed switchgear for a 115K connection will have
a production cost of about 75% of the cost of one designed for 75K. This is because it will use much less
copper or aluminum. In summary, a 105K device has a lower production cost and shorter connection time
life compared to a device designed for 75K.

HOW TO SOLVE THE PROBLEM in table 6 of IEC61439-1 IN THE SHORT TERM

If the experts that prepare the standard maintenance recognize that the table is not well written the solution
is simple. The only thing to do is to REPLACE TABLE 6 of IEC 61439-1 BY TABLE OF IEC62271-1 or IEC TR 60943.

IF THERE ARE NO PROBLEMS, FOR DECADES, COULD THE TEMPERATURE RISE LIMITS INCREASE BY 10 to 15K?

First, we must investigate if an equipment that is designed above 75K has given problems. It is rare to see
well-founded technical publications about problems with low voltage panels, due to high temperatures in
the connections. In Linkedin posts sometimes we see photos of thermography that indicate problems.
However, these are quick posts, and it is not possible to get consistent technical information in many cases.

It may also be that few problems of this type occur in panels because the temperature rise limits for panels
and busbars could be higher than the values shown in the IEC 62271-1 Table. | think this is a real fact. Many
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standards have stricter requirements than necessary because they were made in the old times of the fat
cows and after that almost nobody invests in R&D to be able to change something. Try to find in the web.

Being able to increase the limits would be an important “innovation”. R&D agencies like the Brazilian ANEEL
could even put the topic on its list of preferred R&D projects. If the temperature rises limits of the IEC and
IEEE standards could be increased by 10K to 15K, equipment could use much less copper/aluminium than it
does today. This would be good to save the planet's resources.

Historically, the maximum temperatures acceptable for materials, which imply the limits described in the
standards, are values obtained from experience over time, to avoid accelerated aging (IEC TR60943). As the
laboratory tests can be carried out at any ambient temperature, the parameter measured and indicated in
the tables is the temperature rise and not the temperature. If the equipment is going to be used in a place
with a predominant ambient temperature higher than 40°C, for example 45°C , the limits of the IEC table
must be reduced by 45°C-40°C = 5°C.

In these cases, manufacturers may recommend using lower currents (derating) so that the maximum
temperatures acceptable for the materials are not exceeded.

SUGGESTION TO EVALUATE HOW MUCH TEMPERATURE RISE LIMITS USED IN IEC STANDARDS CAN BE
INCREATED

CIRED is an institution able to carry out a worldwide consultation with its partners to review the current
temperature limits for connections and electrical contacts. Most likely the experience of the last 5 decades
will indicate that at least 10 to 15K can be increased. The consequence of this would be lower consumption
of copper and aluminum by the electrical industry.

The most experienced professionals in this subject are those who are well acquainted with the details of the

tables of temperature rise limits of IEC 62271-1 (SC32A) and IEC TR 60943 (TC32), which would be the basis
of this work.

Read in next page a Term of Reference (TOR) for the project.
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PROPOSAL FOR THE CREATION OF A NEW WORKING GROUP

CIRED WG 2025-xxx Name of Convenor: Sergio Feitoza Costa (Brazil)
E-mail address: sergiofeitozacosta@gmail.com

Title of the Group: TEMPERATURE RISE LIMITS INCREASE in IEC
Technical Standards.

Background: Saving materials such as copper and aluminium is beneficial for climate change
mitigation, as it minimizes the need for new raw materials and reduce greenhouse gas emissions. The
focus on designs that use less materials could grow rapidly if IEC and IEEE standards included
statements encouraging the use of less materials. CIRED and IEC, as influential voices worldwide, can
catalyse advances in the direction of material savings in the electrical industry. The "Temperature Rise
Test" is decisive in defining the weight of conductors materials used in equipment for substations and
lines. The test consists of subjecting the equipment to its normal current and, after the temperatures
have stabilized, measuring the temperature rise of the connections, contacts and other parts. The
measured values must not exceed the limits specified in the technical standards. These limits were
established about 50-60 years ago, when material savings were not a priority. Since then, they have
not changed, possibly because they have not been questioned. The KEY POINT is that for a 10K to 15K
increase in connection limits, we obtain a weight reduction of around 25 to 35%. This is simply because
it is possible to use thinner bars.

Switchgears of the IEC 61271 (HV) and IEC 61439 (LV) series are an example. This is a multi-billion-
euro market that is expected to more than double in the coming years due to the growth of items like
Al data centres. This applies to all electrical power products, from small fuses to large transformers.
The "hot spots" that define whether the product will pass the test or not are the connections between
busbars and components such as circuit breakers. The temperature rise limits depend on the materials
and not on the type of product. Table 14 of the IEC 62271-1 standard defines values such as 60K (bare
connections) or 75K (silver or nickel plated). It is quite possible that the existing limits could be
increased. If the knowledge available today allows such an increase, the technical standards could be
updated, resulting in significant savings in copper, aluminium and other critical materials.

Although not written in the standards, the limits are likely to be associated with a service life, such as
50 years. Is it reasonable to use such a long service life or could it be reduced by 10 to 15 years? The
aim of the WG is to answer these questions by consulting global experts.

Scope: The objective of the WG work is to assess if the temperature rise limits used in IEC standards

— for connections and contacts (only) could be increased and by how much. The steps would be:

e Raise the history that led to the limits used today (consultations to experts and documentation).
Clarify the duration of useful life they were associated with.

e Survey the R&D activities that have been carried out recently and that can bring evidence to
propose raising the current limits (worldwide questionnaire and consultation with experts IEC,
IEEE, etc...)

e Survey of the existence or not of systematic problems with aspects of temperature rise. Focus on
switchgear. If there are few problems possibly limits can be increased (questionnaire)

e To write a brochure including the conclusions of the work. In the results, to indicate the impacts
of increasing the temperature rise limits by 10K or 15K or 20K or more.

Deliverables:

Technical brochure, summary in Electra and other publications, Tutorial
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Comments from the TC Chairman:

Approval by CIRED Technical Committee Chairman: Date:

RELEVANT LITERATURE

e |ECTR 60943 - 1998 - Guidance concerning the permissible temperature rise for parts of electrical equipment, in
particular for terminals

e B3 - Brochure Cigre 740 - Contemporary design of low-cost substations in developing countries

e A3 —Brochure Cigré 830 (2021) - Application and Benchmark of Multiphysics Simulation Tools for Temperature
Rise Calculations

e Book “TEMPERATURE RISE LIMITS used in | E C / IEEE SWITCHGEAR STANDARDS"”, 2024, Author: Sergio Feitoza

Costa ‘“ IHIIIIW Free reading at https://www.cognitor.com.br/TemperatureRiseLimits.pdf

4. UNDERSTANDING THE CHANGE OF TEMPERATURE RISE TEST METHOD

Several colleagues from different testing laboratories told me that their lab could do the temperature rise
tests in a LV switchboard according to IEC 60439 but could not do it according to IEC 61439-1.

The doubt was about the necessary number of current sources. Before, in IEC60430 (TTA/PTTA) the concept
was to use one source to test the main circuit. The additional smaller circuits would be represented by
resistors with would represent the same value of Watts produced in the busbars, connections, and contacts.
It is easy to demonstrate with tests and simulation software that this works sufficiently well.

In IEC61439-1 the test method changed. The text written in the standard is so confusing that is almost
impossible to understand what we need to do. | imagine that the reasoning is to be near to represent all the
loads as in normal use. This is not reasonable because would need excessive resources in terms of current
sources.

More than the technical difficulties, the need of several additional current sources means that less
laboratories would be able to do the test. Also, the test price and duration would become much higher.
| do not believe that renowned experts, from the world's largest companies, who prepare this standard (link)

would fail to see something so important. This IEC page show the maintenance team
https://www.iec.ch/dyn/www/f?p=103:14:300005418930343::::FSP_ORG |D:10644

Having this in mind, weeks ago, | went to read once more the text of section 10.10 of IEC61439-1
(Temperature Rise) but under the vision that the intention of the change of method was not to be drastic.
but that the text was simply poorly worded.
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After reading, my interpretation is that the main objective was to improve the method to use more
current sources but not many, as | show in the following Figure.

If the standard had a simple figure like this, it would be easier for testing labs to understand how to
do the test. Many of them would stop to say that cannot do the test.

It would be great if someone from MT2 commented on whether this figure represents the intention
and, if not represent, MT2 could present a figure understandable by the laboratory teams.

Do not confuse this figure with those in Annex E2 (diversity factor). Those figures do not represent
the test method.

The fact is that | identified that the mentioned laboratories could carry out the test using my figure,
but they were interpreting that they should use many more current sources.

Test method IEC 61439-1: my interpretation of the text.

Most labs could perform by IEC_60439 but many say can’t do by IEC61439 method.
Previous method IEC 60439 (TTA/PTTA): should |EC 61439-1 test method: the doubts from labs could

become optional by simplicity — but not cancelled. be clarified with a single figure like this.

.4 |EC61439-1

<_Example of real us ‘1
Main busbar |
3200 A i
o 3200 A | Resistors
Two derivations ith
630 A —
source WaFts
1 equivalent
to the sum
w1 /Fjesis(orl of power
2. W1/(630) dissipation
e of small
w2 X
[{esls(orz Cil’CUit
w2 / (630)2 source2  hreakers
) A
Easy to do with just 1 source of current (red circuit - 3200 A) ... ) 630
Instead of passing 630 A in the yellow bars replace the total Watts 'G represent Watts in the
of the column by a resistor that will dissipate the same amount of busbars + main circuit breaker

Watts. Easy to prove with testing simulations that thedifference to

the resl ute Is small. Many labs can do th test ‘Resistors equivalent to Watts in the small CBs

5. FINAL COMMENTS

Imagine the situation of a manufacturer who lost a bid because designed a LV switchgear for a temperature
rise limit of 75K (correct but uses more copper). Imagine that you lost out to someone else who might offer
a lower price because interpreted the standard's limit as 105K. In large bids, this would possibly generate
resources that justify having to repeat the bid.

| do not see testing laboratories and certification companies using uniform criteria when interpreting table
6 of the technical standard IEC 61439-1. What is the interpretation do they give to the confusing table? Do
they consider reasonable to issue a test report without a statement “approved / not approved”?

IEC management could investigate this problem. It is not just a technical issue. It involves consequences on
the world market for low voltage switchgear.
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IEC Technical Standards are far from perfect texts and improve with time and use. However, it is not common
to keep an unclear text for so long, generating an obvious confusion in the market. What is the reason?

Making changes in testing methods that make more expensive something that has been working well for a
long time is uncommon in IEC practices. It reduces the number of testing laboratories that can perform it.
This change of method should be optional because makes testing more expensive for small and medium
manufacturers. The text shall be improved to avoid the misunderstandings mentioned before.

A new CIGRE working group (a3 +83) could carry out a worldwide consultation with its partners and R&D to
review the current temperature rise limits for connections and electrical contacts. The experience gained in
the last 5 decades will indicate that at least 10 to 15K can be increased. The consequence of this would be
lower consumption of copper and aluminum by the electrical industry. The Planet will thank you.

Institutions that promote R&D projects focused on the electricity sector, such as the Brazilian agency ANEEL,
could include this theme in their list of desirable projects.

We shall remember that it is time to open an explicit door for the use of validated testing simulations. The
concept is to simulate the old test comparing simulation results with test results and then applying the same
simulation method to the new product. This is technically more complete that using only IEC 60890 for air
temperature rise extrapolations.

Table 6 of IEC 61439-2: many

errors that dlstort the market

Most people do not s
understand but accepts ffé *
without questioning as %
in the Christian :

Andersen's fable “The

Emperor's New Clothes”.

Read the articles above
sergiofeitozacosta@gmail.com  www.cognitor.com.br

THE END
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Just to register, this revision of the article was posted in Linkedin by Sergio Feitoza Costa on July, 30 - 2023
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Annex A: HIGHLIGHTING AND COMMENTING (with SFC) CONFUSING PARTS OF TABLE 6 OF
IEC 61439-1 ( LV switchgear) an comparison with the table in IEC 62271-1 ( HV switchgear)

Table 6 of IEC61439-1 (2022) Low voltage switchgear

Table 6 — Temperature-rise limits (9.2)

rature-rise
Parts of assemblies Tempe EK

Built-in components : I In accordance with the relevant product slandan:d
requirements for the individual components or, in

accordance with the component manufacturer's

instructions', taking into consideration the temperature in

the assembly
Terminals for external insulated conductors / 708
iIBusbars and conductors Limited by"
- mechanical strength of conducting material9;

possible effect on adjacent equipment;

—  permissible temperature limit of the insulating
materials in contact with the conductor;

effect of the temperature of the conductor on the
apparatus connected to it;

—  for plug-in contacts, nature and surface treatment of
the contact material

Manual operating means:
— of metal 15%h

— of insulating material 25G.A

Accessible external enclosures and coyers:
— metal surfaces gph

- insulating surfaces 40dh

Discrete arrangements of plug an ébcket-type connections Dete-l;mined by the limit for those compgfients of the
related equipment of which they form pprt®

The temperature-tise limits giyen in this table apply for a daily average ambient air temperaturefup to 35 °C under
service conditions (see 7.1). Qfliring verification a different ambient air temperature is permissible (s 10.10.2.3.4).

a8  The term "built-in compogents” means:

SFC: Leads to error. The limits depend onl
on the materials used. If informed by the
manufacturer to the laboratory before the
test, it must be included in the test report.

With this, the laboratory can approve or
disapprove.

ERROR: should mention the word
“connection” but mention “terminals”
Solution: Replace the complete table and
its notes by the good and clear table of
IEC62271-1

SFC: Error because goes against ISO9000

fundamentals on
“Unmeasurable and unverifiable
requirements
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Notes of the table 6 of IEC 61439-1

e et a

The temperature-rise limits given in this table apply for a daily average ambient air temperature up to 35 °C under
iser\.rice conditions {see 7.1). During verification a different ambient air temperature is permissible (see 10.10.2.3.4).

The term "built-in components” means:

- conventional switchgear anc controlgear;
- electronic sub-assemblies (e.g. rectifier bridge, printed circuit);

- parts of the equipment (e.g, regulator, stabilized power supply unit, operational amplifier).

The temperature-rise limit of 70 K is a value based on the conventional test of 10.10. An assembly used or tested
under installation conditions may have connections, the type, nature and disposition of which wili not be the same as
3 gsi B jffe emperature-rise of terminals may result and may be required or accepted.

o = L} i

U L]
the corresponding temperature-rise limits shall be applied. The temperature-rise limit s the lower of the maximum
temperature-rise specified by the component manufacturer and 70 K. In the absence of manufacturer's instructions, it
is the limit specified by the buili-in component product standard but not exceeding 70 K. For terminals of the buiit-in
component that are terminals for external insulated conductors, the thermocouple for the temperature-rise test shall
not be placed on the test conductor insulation.

Manual operaiing means within assemblies which are cnly accessible aller e =
example draw-out handles which are not operated while the assembly is in normal service,
25 K increase on these temperature-rise limits,

DY ] B - + )
are permittad to sustain a

Unless otherwise specified, in the case of covers and enclosures, which are accessible but need not be touched
during normal operation, a 10 K increase on these temperature-rise limits is permissible. External surfaces and parts
over 2 m from the base of the assembly are considered inaccessible.

This allows a degree of flexibility in respect of equipment {e.g. electronic devices) which is subject to temperature-
rise limits different from those normally assoclated with switchgear and controlgear.

For temperature-rise tests according to 10.10, the temperature-rise limits have 1o be specified by the original
manufacturer. It is the responsibility of the original manufacturer to take into account any additional measuring points
and limits imposed by the component manufacturer.

8  Assuming all other criteria listed are met, a maximum temperature-rise of 105 K for copper busbars and concuctors
shall not be exceeded. The 105 K relates to the temperature above which annealing of copper is likely to occur, In
the absence of a declaration from the originai manufacturer, regaramg the rehaE‘ 5y anoa Stabilty of (he ageing
behaviour of the electrical contact or joint, a_maximum temperature-rise of 55 K for bare {uncoated) aluminium
busbars and conductors is applicable.

efe an assembly s installed in an am .
temperature (*C) may be permitted. Temperature-rise (K) shall not exceed the values given in this table. See also
9.2. In such a case warning label accerding to 1ISO 7010 W017 shall be provided.

SFC:

Confusing mix of concepts about annealing (conductors) and withstandability
(connections and contacts). . Because item (g) does not differentiate bars from
connections in the text, it induces the reader to think that the permitted elevation in
connections is 105K (and not 60 or 75K). Connections are almost always the critical

point in testing.
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Table 14 of IEC62271-1 (2021) Medium / high voltage switchgear page 66

i@ 1IEC 2021

Table 14 = Limits of temperature and temperature rise for various parts, materials
and dielectrics of high-voltage switchgear and controlgear

Mature of the part, of the material and of the dielectric Maximum walue
{Fofer to points 1, 2 and 3 in 7.5.6.2) [Refer to NOTE 1)

Temperatura Temporature rise at
ambient air temperature
not excesding 40 “C

(NOTE 2)
*C K
1 Contacts (refer to point 4)
Bare-copper or bare-copper alloy
in Oz (refer to point &) =] 38
in WO (refer to point &) 118 TE
in oil i) 40
Silver-coated ar nickel-coated (refer to point &)
in 045 (refer to point &) 118 TE
in MOG (refer to point 5) 118 TE
in cal 80 50
Tin-coated [refer to poind 6]
in 05 (refer o point &) ] f=11]
in NOG (refer to point &) G 1]
in cal 80 50

onnecton, bolied or the s=guivalent {refer io poind 4

Bare-copper, bare-copper alloy or bare-aluminium alloy
in 043 (refer to point &) 100 ("&0 )

in N0 (refer to point &) 118 TE
in oil 1040 &0
§|Iv:r-cmb=|:| ar nickel-coated (refer o point E]
in 05 (refer o point &) 118 @
in NOG (refer to point &) 118 TE
in cal 100 &0
Tin-coated
in Oz (refer to point &) 108 GE
in NOG (refer to point &) 108 []:]
in ol 100 &l
3 A&l other contacts or connections made of bare metals
or coated with oiher materials {Refer to point T) [Reder to paint 7]
4 Terminals far the connection to external condwctors by
screws of bolis (refer to points 8 and 14)
bare 1040 &0
silver ar nickel coated 118 T8
lin-coated 108 G
pther coatings (Refer to point ) [Reder to paint T)
§ Oil for oil switching devices (refer to points 9 and 10} 0] S0
i Mefal pars acling as springs [Fieder bopaoimt 11] {Refer to point 11}
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Table 14 of IEC62271-1 (2021) Medium / high voltage switchgear page 67

Nature of the part, of the material and of the dielectric Maximum walue
(Refer to points 1, 2 and 3 in 7.5.6.2) (Refer to NOTE 1) N
Temperature Temperature rise at
ambient air temperature
not exceeding 40 °C
(MOTE 2)
°C K
7 Materials used as insulation and metal parts in contact
with insulation of the following classes (refer to
point 12)
- ¥ i 50
- A 105 65
- E 120 80
- B 130 aan
- F 155 115
—  Enamel: oil base 100 60
synthetic 120 B0
- H 180 140
— G other insulating matarial (Refar to point 13) {Refer to point 13)
B Any part of metal or of insulating material in contact with 100 &0
oil, except contacts
9 Accessible surfaces (Refar to point 15) {Refer to point 15)
Surfaces of manual control components to be touched in
narmal operation:
— Uncoated metal 55 15
— Coated matal 55 15
—  Mon metal BS 25
Other surfaces to be touched in normal ocperation but
not to be held continuously in the hand:
— Uncoated metal BS 25
— Coated metal 70 30
—  Mon metal B0 40
Surfaces not to be touched in normal operation:
— Uncoated metal B0 40
— Coated metal B0 40
—  Mon metal oo 50
MOTE 1 The points referred to in this table are those in 7.5.6.2.
MOTE 2 For switchgear and controlgear with special service conditions including @ maximum temperature
differant from 40 °C, the maximum walues of temperature applies and the maximum values of temperature rise
are calculated accordingly.
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ANNEX C: COMPARISON OF A PROJECT FOR 75K and for 105K (temperature rise and costs)

. Made using SwitchgearDesign software.

K6 faa

volume 1 02

mwluso  owse  uso/mva 2w

o acos
—

SwitchgearDesignh

6 /mva

w783

fotaltsn

Do) uso/wva o2

ge (V) Frequency ial
220 60 SteellowC_1010

TYPE of EQUIPMENT

# N x B x H In(A)

Cr—— B 120 10/ 20008 @V
""" Fluid A" -/ LE8 Giss
Oouctt O 6istph 2 1 120 10| 2000 OvOH
€3 sym SCcurrent fkarms s ) Crest Factor {first peak] oswitcH O gish . B 120 10| 2000 @von
@ 1 23
suesT a 1 120 10| 2000 6vOH
Qaat Qouen T
Test Circuit oz 5 120 10| 2000/§ @voH
= 4 - :
N S— g e [[?”
" T[GREEN - volumes 3, 4 - H: e A
bars 1 to 10)
OF TEST 81 120 10| 20008 evom
Electrodynforses gt 120 10| 20008 6vion
2  BLACK (top) - volumes
° tecrrc Field 10 120 10| 2000 ove
1,2, 3—bars 1 to 10} "
Mgt el Conductors #  Materials
— » @ Temperature Rise
b B 2 (IBLUE (bunum)';
z N I ~volumes 1, 2,3 - bars1to 1 Copper Bl Coveer
™ - 5 «._Testcircuit 2 10) =
o . 2 apper Copper
Z Black - top 7=
Fesnr a2 3 Copper 8 Copper
K - 4(RED-volumes1,2,3,4
et o o _ 4 Copper c
e volumes1, 2 and 3 bars 1to 10) gl e
. 5 Capper 20! copper
R1 3,75 R2 R3 VOLUMES 1,2,3,4
Resistances {0 £-6) , Watts, Partitions, Ventilatio
W1 000 W2 00 W3 6000 Depressuristion areas (cn) 2“;::”‘“’:":10 N— Save
p1 P2 p3 Ventilation ? _
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Vent 1 113 Vent2 113 Vent3 113 > -
Q(m3/h)Ifnofan write 0 00
- NEW

Depress1  1po Depress2 100

Depress3 100

30 pene Click COSTS
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Project types that can be simulated
with SwitchgearDesign.
High-power tests simulation software.

Internal arc tests, short circuit forces test, temperature rise
tests & more. Check what will happen during the test and, if
needed correct your design. Developed by a test engineer.
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ANNEX D - PART OF THE TEXT SENT TO CIGRE COLLEAGES IN A3 and B3 on July, 6 -2023

| hope you are well and in good health. There is a long time we met at the event in Manilla. That Cigre brochure 740
(2018) on low-cost substations has become a reference reading for many people | know. Below is a new article | wrote
and posted on Linkedin yesterday.

It includes a suggestion to CIGRE for a new working group, possibly in B3 and A3.

| have learned over a long time designing and testing substation equipment how temperature rise limits presented in
technical standards are the main factor impacting the amount of copper / aluminum is used in electrical products from
LV to HV.

It is something little or not noticed by the specialists who elaborate the standards. They only do a copy-paste in the
tables not questioning if after 50years, something could be improved. | only see a focus on the short-term stuff linked
to specs and testing. The brochure | mention above would be a good read for them.

I've written provocative articles mentioning that it's time to open the mind to things that bring less material use and
resource savings in the electrical industry.

Itis curious to note that even now, the times of beautiful green speeches, the IEC, IEEE and national technical standards
do not give any importance to encouraging, rewarding or inducing the economy of resources and greater efficiency in
the manufacturing. This is not that difficult to do. The work | suggest in the article is an example that can be impactful.

When | started to write, the focus of the article was only a confusing and poorly written text in IEC 61439-1 for
temperature rise limits. However, due to this bad text | realized that the temperature rise limits applicable to LV to HV
products possibly can be improved. Limits need to be associated with a realistic life expectancy. | do not think that this
was considered more than 50 years ago.

LINKS to the article including a suggestion for a CIGRE WORKING GROUP to study RAISING THE TEMPERATURE RISE
LIMITS USED IN IEC STANDARDS by 10 to 15K (time life 30 years). This would cause a considerable reduction of copper
and aluminum use. In line with the goals for environment and reduction of wasting Earth resources.

LINK for article: http://www.cognitor.com.br/IEC61439Table6.pdf

Post in Linkedin https://www.linkedin.com/posts/sergiofeitozacosta_cigre-iec-switchgear-activity-7082356756219072512-Wac5?utm_source=share&utm medium=member desktop
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