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1. INTRODUCTION.

This report was prepared for the training course entitled ENGINEERING AND DESIGN
CONCEPTS + software for SUBSTATIONS AND EQUIPMENT FOR SUBSTATIONS

Updates and supplements information from the book “Reference text for the courses
SWITCHGEAR, BUSWAYS & ISOLATORS and SUBSTATIONS AND LINES EQUIPMENT” that can be
downloaded freely in the site http://www.cognitor.com.br/Book SE SW 2013 ENG.pdf

In addition, aims to help users of the software SwitchgearDesign who need to do validations of
their simulations. In this aspect, it is possibly a single document in the world in November 2014.
The software permit to simulate some expensive laboratory tests like the temperature rise tests,
short time current tests (electro dynamical forces) and internal arc tests.

It is not an academic tool. It is focused in solving problems of the daily life of an electrical
equipment designer.

Sergio Feitoza Costa, author of this report, developed the SwitchgearDesign. Sergio has long
experience in the design, operation and management of big size testing laboratories. Sergio has an
international recognized experience with high power and high voltage testing, equipment and
testing laboratories design, construction, operation and management. He is for a long time
member of IEC and Cigré working groups. Some time ago, he was the Chairman of IEC Technical
Committee 32. He is a member of the working group WG 31 of IEC which is preparing the new IEC
62271-307 and also of the CIGRE working group that is publishing in 2014 the new CIGRE brochure
"Tools for the simulation of internal arc effects in MV and HV switchgear “.

CV at http://www.cognitor.com.br/en curriculum.htm

Software without a person well trained in the engineering concepts can be a source of problems,
not a solution. Therefore, the software is free to use only for people who go through the training
shown at http://www.cognitor.com.br/SoftwareES.htm .

The conditions of use are “usage is at your own risk” The author and Cognitor are not responsible
for any result or use given to the results.

In this report, there are some parts of sheets of test reports made in testing laboratories. There are
also pages of other publications, which are useful for validation purposes (Annex D).

The parts covered by black marks were intentional to avoid the identification of names.

Suggestions and proposals for new case studies for validation are always welcome when
accompanied by good test reports. Good test reports, in this context, are the ones in which the
equipment is properly identified and the test results shown. Good identification is as shown in this
future technical standard entitled “Guidelines for the use of simulations and calculations to replace
some tests specified in international standards “. Sergio Feitoza Costa prepared this document in
2010. Download site: http://www.cognitor.com.br/GUIDE Simulations vO October2010.pdf
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2. SOFTWARE VALIDATION REPORT.

This report includes the following information:

Standard / guideline for applying simulations to replace some laboratory tests
User defined requirements (input and output software).

Short manual is just the section 7 of the book published in
http://www.cognitor.com.br/Book SE SW 2013 ENG.pdf

The validation method used and comparison between simulation and test results reports or
calculations of IEC standards.

The acceptance criteria of simulations and conclusions on whether the software is proper
for the intended use.

Operating system requirements and software requirements.

Information about the software design, implementation, programming language, operating
technician support, installation and removal

All methods and topics covered in this report were derived from efforts of Cognitor already
registered and published in national and international references whose links to freely download
are shown in Annex 1.

These references, published mainly in the period 2007 — 2014, include titles like:

Book “Switch gear, busways & isolators and substations and lines equipment”

"Guide" for the use of calculations and simulation of laboratory tests for increasing the
competitiveness of the electric industry”

Validation of simulations of electro dynamical forces, temperature-rise and internal arc
tests in switchgear (& main parts of a code)

Simulation, IEC standards and testing laboratories: joining the pieces for higher quality HV
equipment”.

Validation of test reports issued by recognized testing laboratories

Aluminum x copper in switchgear design (with an idea for a new concept)
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3. TECHNICAL STANDARD (GUIDE) FOR THE APPLICATION OF SIMULATION TO
REPLACE SOME LABORATORY TESTS

The old concept that "everything must be laboratory tested" was replaced by the low-cost
computing capabilities. Today the concept of "test everything" is defended only by a few who
understand that they would lose with the widespread use of simulations. It is a short-term
thinking. For example, electrical testing laboratories and certification companies can add to their
experience in testing the great potential of simulations to produce profitable and useful services.

A testing laboratory tests that can demonstrate by comparison (validation) that simulations
provide approximately the same results as the tests can add a good source of funds doing, in
addition to the testing services, services using simulations. To build a large laboratory has a cost in
the order of magnitude of fifty to one hundred million dollars and that is why the tests are
expensive. As a private business is not an attractive investment and due to this reason there are
few laboratories in the world.

Some of the major worldwide manufacturers have testing laboratories in their countries of origin.
This is your differential. To develop their own products using many simulations combined with the
evidence. They have well-prepared development technical teams. Outside their countries of origin,
they do not develop nearly anything new. Only mount equipment without adding technology. The
use of simulations allows medium and small manufacturers to become more competitive and they
are really becoming better.

Using simulations of electrical testing is a realistic solution increasingly well accepted. To replace
tests by calculations or simulations is not new idea. It is applied for decades in technical standards
such as IEC 60076 - Power Transformers (short tests), IEC 61439 (low voltage switchgear) and the
previous IEC 60439.

For example, IEC 61439 is possibly the most advanced world standard in the use of innovative
concepts. It allows the substitution of certain tests by the use of simulations and, more than this,
by the so called "design rules". The concept is that if an equipment is similar to another one
already tested in laboratory and attend to certain rules you do not need to test it.

For medium voltage, switchgear there is a very important work, of the same nature, in progress in
IEC. The working group WG 31 IEC / SC 17C is preparing new document IEC / TR 62271-307: High-
voltage switchgear and controlgear - Part 307: Guidance for the extension of validity of tests of
type AC metal-enclosed switchgear and controlgear for rated voltages above 1 kV and up to and
Including 52 kV. Sergio Feitoza is a member of the IEC working group preparing this standard,
expected for publication in July 2015.

The way to speed up the systematic use of simulations is through the preparation of an IEC
standard roughly with the text presented in the paragraphs.

Here we call this "future" standard of SIMULATIONS APPLICATION GUIDE (Guide).
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You may download the full text prepared by Sergio Feitoza in the site
http://www.cognitor.com.br/GUIDE Simulations vO October2010.pdf

Since this guide does not yet exist and probably the major international manufacturers, which
coordinate the technical committees of IEC, will not propose it, is an interesting action for many
countries to establish a commission to prepare it in their National Standards Association. An
example is in Colombia where it was implemented a government regulation that allows, under
certain conditions, the use of calculations and simulations.

3.1) FOREWORD (of the Application Guide for Simulations)

Laboratory type testing, as specified in product standards, is the most efficient way to verify if a
certain product attends the technical standard specification. High power tests as the internal arc
tests, temperature rise test and short time withstand current test are onerous and time
consuming. There are relatively few laboratories in the World with capacity to do them.

Testing simulation techniques may predict results of several type tests. In many cases, they enable
to obtain more complete information than the information obtained in a real laboratory testing.
Simulations are used in situations like:

(a) to avoid switchgear tests in equipment with characteristics near to another one already tested

(b) To avoid duplication of testing on product certification processes, when small changes are
done to an already certified product.

(c) To replace SF6 by air in internal arc tests.

Within certain limits, testing simulation may be used to extrapolate the results of an already done
laboratory test to other, with similarities, untested equipment. This can be done in an easier or
more complex way depending on the type of test.

For temperature rise tests, the simulation to replace a test is relatively simple to perform and to
validate. You need only to compare the results of simulations with measurements of temperature
rise shown in the reports of laboratory tests.

For internal arcs tests in switchgear the task is more complex but possible. What is to be checked
are the effects of the overpressures arising during the arc and the risks to persons in the
neighborhood.

The curve overpressure x time is the decisive agent for the good or bad test result but IEC’s
standard do not request this easy measurement to be made and recorded in the test report.

A lot of useful information in the tests is lost due to this omission in the IEC standard.
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It will published in 2014 the brochure CIGRE WG A3.24 "TOOLS FOR THE SIMULATION OF EFFECTS
IN INTERNAL ARC MV AND HV SWITCHGEAR". This work began in 2009 and there are several case
studies supported by laboratory tests allowing the validation of internal arc simulations.

In section B.4 of this important document of CIGRE, this SIMULATION APPLICATION
GUIDE prepared Sergio appear in the “references”

[Feitoza2010]: S. Feitoza, "Guidelines for the use of simulations and calculations to replace some tests specified in
international standards”. COGNITOR Guide 2010.

For short-time withstand current and peak withstand current tests the objective is to verify the
supportability to the effects of electro dynamical forces on insulators and conductors occurring
during a short circuit without arc. To calculate the forces and stresses is not a so complex task but
to measure them is very difficult and onerous. Nevertheless, the calculation methods are used for
many decades and well accepted in the technical world.

The main reference for validation in this case is the document IEC 61117: Method for Assessing the
short-circuit withstand strength of partially type-tested assemblies (PTTA). There is no known way
to do validation of simulations electrodynamic forces though laboratory test reports. By the same
reason the IEC 61439 and IEC 62271-307 documents also reference IEC 61117.

The greatest difficulty in validating simulation methods of electrical testing is that some simple
measurements are not specified in IEC standards, to be made during the laboratory tests. Reliable
information for comparison between test results and simulation data is missing. Most laboratories do not
perform measurements not asked in the technical standards, whether simple to do. However, some do
when requested by the customer before.

The purpose of this Guide is to provide guidelines for the systematic use of simulations used to replace
some laboratory tests in situations where common sense indicate to be reasonable to do it.

The guide present the parameters that shall be recorded in laboratory tests to allow the future use of
simulations in the extrapolation of the test results.

The Guide also indicates the typical values of acceptable tolerances for the values calculated in comparison
with the results obtained in the test report.

3.2) SCOPE AND CONTENT (of the Simulations Application Guide)

This Guide presents Guidelines for the systematization of the use of simulations and calculations
(from now on named “simulations”) which may be used to replace some laboratory tests in
situations where the common sense shows it is reasonable to use it. The most frequent case of
such use of simulations is in the extrapolation of real test results done in a certain equipment to
predict the results of a test in untested equipment with characteristics close to the tested one.

The use of simulations to replace tests is possible only when certain specific measurements and
registers are specified in the relevant product standards and are presented in the laboratory test
Cognitor — Consultancy, R&D and Training Ltd
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report. This Guide specifies minimum measurements and photographic registers that shall be
done and registered in test reports, during laboratory tests specified in product standards.

These measurements make the test to be reproducible and usable for future simulations. These
measurements and registers also help users to identify if a commercialized product is similar to the
laboratory-tested one. Currently, there is a lack of data for the validation of simulations results by
comparison with real test results. It is expected that with few simple additional measurements and
registers here specified, to be used in product standards, the amount of available data will increase
significantly, in the short term. This Guide presents some examples of input data and results, which
can be used as a calibration to demonstrate that a certain simulation model is acceptable for the
extrapolation of the laboratory test results.

It is not an objective of this Guide to present calculation methods for testing simulation.

It is considered that a model or method is acceptable when it produces validated simulation results
within acceptable tolerances if compared with the real test results and this can be demonstrated in
a transparent way to the users. The acceptance of simulations results by users is easier when the
number of input variables of the simulation model is lower and they are based in the geometry and
materials properties of the conductors, insulation and fluids. The reproducibility of the calculation
method is the key point.

Although the simulation concepts here presented are valid for any electrical equipment, in the
current stage, the simplest visible applications of it are in high and low voltage switchgear,
transformers, fuses and bus-bar systems.

3.3) SOME DEFINITIONS (of the Simulations Application Guide)
3.3.1 — Temperature rise test (concept)

The equipment is installed in a place free of air drafts. The rated current is applied for a time
sufficient to have the temperature stabilization of the measured points. The measured
temperature rise should not go beyond certain limits specified in the technical standard.

The results are influenced by the current flowing, the type of materials, the contact resistances, the
temperature of the fluid, the geometry of the conductors, net internal volume of the enclosure and
the existence of partitions and ventilation openings. The contact resistance and ventilation areas
are key factors in the results. The test is reproducible only if the major resistances are registered. It
is necessary to measure not only the total resistance per phase but also the higher resistance like a
switch, circuit breaker key or fuse as seen from its terminals

3.3.2 - Short-time withstand current and peak withstand current tests (concept)

These tests are made for checking the effect of the forces and high temperatures applied to the
isolators and conductors during a short circuit. It is possible to calculate the mechanical forces
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acting on insulators (compression, tension and bending) and the mechanical stresses on the bus
bar conductors using the expressions shown in [5] and references methods in Annex A and Annex
B [14, 15, 16, 22 and 23].

The forces must remain below the limits specified by the manufacturer of the insulator otherwise,
it can be destroyed. The mechanical stresses in the conductors must remain below certain limits
(of the order of 200-250 N / mm?2 for copper according to the same reference above) otherwise
the bars will suffer a permanent and visible deflection.

The results are affected by the short circuit current, the materials, and the geometry of the
conductors, distances between phases and the types of insulators.

3.3.3 — Internal arc tests and overpressures (concept)

The idea is to create an arc along a certain time duration. The consequences of the overpressures
are observed. Some of the requirements for passing in the test are the evidence that the doors will
not open allowing hot gases and the gases expelled out through the pressure relief parties should
not burn cotton indicators placed near the accessible parts that simulate the skin of a person in
the vicinity. Holes on the outer walls, caused by the arc. are not allowed.

The equipment is approved in testing if the effects of overpressure caused by the arc does not
lead to potential risks to people nearby.

Issues to consider and assessment methods are in IEC 62271-200 (medium voltage - Ref. 12) or IEC
TR 61641 (low voltage - Ref. 21).

For air, insulated switchgear the main cause of failures during tests is the burning of the horizontal
cotton indicators due to reflections of the hot gases in the ceiling.

The main factors that influence the results are the voltage, current, net internal volume, relief area
and time of operation of the pressure relief devices.

Ventilation openings, good in temperature rise tests are an example of a potential way for the exit
of the hot gases, burning cotton indicators.

3.3.4 — Validation of a simulation or calculation method or a laboratory test and tolerances.

A method of comparison between the results showed in a well documented test report issued at a
test laboratory and the results of a simulation method.

A simulation method is generally acceptable, from the point of view of users, when it is
reproducible and gives a difference between simulation and laboratory results not higher than a
certain acceptable tolerance.
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Page 10 of 92

Type of test

Parameter to compare

Typical values of
acceptable
tolerance

Temperature rise test

Temperature rise in solid and
fluid parts

1% to 5%

Internal arc test

Overpressure in the enclosure
above the atmospheric
pressure (crest and duration)

5% to 10%

Short-time withstand current
and peak withstand current
tests

Electrodynamic forces and
mechanical stresses

5% to 15%

In section B.4 of the “Cigre brochure” the above is mentioned in the “references”

[Feitoza2010]: S. Feitoza, "Guidelines for the use of simulations and calculations to replace some tests specified in
international standards”. COGNITOR Guide 2010.

3.3.5 - Product publication.

Publication covering a specific product or group of related products, for example IEC 62271-200

(medium voltage switchgear) or IEC 61439 (low voltage switchgear).

3.3.6 - Reproducibility of a simulation or calculation method

The capability of to obtain, for a specified set of input data the same test results or the same

simulation results in two or more different occasions or two different test laboratories.

3.3.6 - Validation of a simulation or calculation method or a laboratory test.

Method of comparison between the results in a well-documented test report issued by a testing

laboratory and the simulation results. The simulation method is acceptable when it is reproducible
and shows a difference in relation to the results of laboratory tests unless an acceptable tolerance.
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3.3.7 - Minimum input data to be registered in temperature rise laboratory test reports

Equipment is approved during a test if the final measured temperature rises of the parts do not go
beyond certain limits dictated by the properties of the insulating and conductive parts. These limits
are presented in the relevant product standard.

IEC TR 60943 and IEC 60890 explain the concepts involved.
The data affecting the test and the simulations results are

e The circulating electric current,

e The total power dissipation inside the fluid compartment

e The materials used in the conductor and insulating parts

e The contact resistances and its coatings (total per phase and also the ones of the
individual parts like circuit breakers, fuses, isolators)

e The ambient gas or liquid fluid temperature (for example at the bottom , the top and at
50% of the height of the enclosure),

e The fluid velocity

e The geometry and spatial position of the conductors

e The volume of fluid inside the compartments

e The input and output areas for ventilation

e The number of horizontal partitions inside the enclosure if applicable

e The relative position of the equipment in relation to walls, ceiling and neighbor
equipment (as presented in IEC 60890)

For the sake of reproducibility, the measurement of the total per phase and partial electrical
contacts resistances, before and after the test, shall be registered in laboratory test report. The

values of the data above shall be clearly registered in the test report trough drawings and photos.

3.3.8 - Minimum input data to be registered in internal arc tests laboratory test reports

Equipment is approved during a test if the effects of the overpressures arising during the arc do not
cause potential risks to persons in the neighborhood of the equipment. The relevant aspects to
consider are shown in the relevant product standard. IEC 62271-200 and IEC TR 61641 explain the
concepts involved. The curve overpressure x time is the main agent for the good or bad test result.

The data affecting the test and the simulations results are

e The circulating electric current,

e The materials used in the conductor and insulating parts

e The geometry and spatial position of the conductors

e The volume of fluid inside the compartments

e The input and output areas for ventilation and devices to close it during the arc
e The areas for pressure relief after the arc

e The relative position of the equipment in relation to walls and ceiling
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For the sake of reproducibility, the measurement of the internal overpressure along the test shall
be registered in the laboratory test report. The values of the data mentioned above shall be clearly
registered in the test report trough drawings and photos,

3.3.9 - Minimum input data to be registered in short-time withstand current and peak withstand
current test report

The objective of the test is to verify the supportability to the effects of electrodynamic forces on
insulators and conductors occurring during a short circuit without arc. The verification is done by
visual inspection and measurement of the resistances per phase.

The data affecting the test and the simulations results are

- The circulating electric current,

- The materials used in the conductor and insulating parts.

- The mechanical resistances of the insulators to compression, traction and flexion
- The geometry and spatial position of the conductors

For the sake of reproducibility, the measurement of the total per phase and partial electrical
contacts resistances, before and after the test, shall be registered in laboratory test report.

The values of the data mentioned above shall be clearly registered in the test report trough
drawings and photos,

If visible permanent deformations are identified after the test, photos and an estimate of the
maximum permanent sag shall be registered.

3.4) PROCEDURES IN COMMITTEES WHICH PREPARE THE PRODUCT TECHNICAL STANDARDS IN THE
NATIONAL STANDARDS ASSOCIATION WHICH IMPLEMENT THE GUIDE

When dealing with subjects relating to the use of simulations or calculations to replace real
laboratory tests, in product standards, committees shall follow the provisions of this Guide,
which is to be used in conjunction with the ISO/IEC Directives.

The status of the simulation or calculation methods, as well as the acceptable values of tolerances,
shall be re-evaluated during the maintenance process.

Committees developing product publications, dealing with subjects covered by this Guide,
shall incorporate this Guide into their own publication by reference.

If necessary, they may specify, in their own publications, additional details relevant to their product
area.
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4. SOFTWARE SwitchgearDesign 307: USER REQUIREMENTS, INPUT and
OUTPUT DATA, TRAINING AND MANUAL.

The software was made to help to develop equipment for substations (medium and low voltage)
mainly panels, cubicles, busways, bus ducts, switches, isolators, and CCMs. It is a unique tool
(search Internet and try to find any).

The software SwitchgearDesign_307 applies, inter alia, to products of IEC 62271, IEC 61439 and
IEC 61641 standards and the relevant national standards. For a good use, you must have some
experience of electrical design and have understood the concepts shown in the training.

The software allows simulating the following tests:

¢ Short time and crest withstand current (electrodynamic stress, mechanical stress).
e Temperature rise tests.

e Internal arc test (calculation of overpressure, burnthrough and supportability)

¢ Mapping of electric and magnetic fields (coming soon).

It is to be as simple as possible to enable manufacturers with limited access to testing
laboratories, to perform virtual tests before going to the testing laboratory for getting a report
type test used in the commercialization. The tool reduces the time and cost of product
development. The main features are in Table 2.

Table 2 - Characteristics of SwitchgearDesign_307

Features Version Course”

Simulation of temperature rise test Yes

Simulation of electrodynamic forces Yes

Simulation of internal arc test Yes

3D geometry visualization Yes

Mapping of magnetic field Yes

Module MVSW1 (medium voltage) Yes

Modules LVSW1 e LVSW?2 (low voltage) Yes

Module DUCT_1 (busways) Yes

Module SWITCH (not validated) Yes

Database and possibilities to modify, save and create new Comes with cases and you can
cases. create as many more as you wish.
Training “ In Company” Yes

TRAINING “IN COMPANY”

To use the software is necessary to go through the training. Rather than learning to use the
software, training tries to give to designers a better understanding of the design concepts and
technical standards. Only the good understanding of engineering concepts enable to interpret
correctly the results of the software.
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Any software never will present results very different than expected intuitively by a designer with
some experience. So if a unexpected result appears it is necessary to have the perception that
there was an error in the input data

In the training program which is in some parts of the text displayed in the link
http://www.cognitor.com.br/SoftwareEN.htm , all relevant information are explained and case
studies are shown and discussed.

The requirements and input / output screens and data are shown in sections 3 and 7 of the book
authored by Sergio named “SWITCHGEAR, BUSWAYS & ISOLATORS and SUBSTATIONS AND LINES
EQUIPMENT” that can be downloaded freely in the site

http://www.cognitor.com.br/Book SE SW 2013 ENG.pdf"

The "manual" Software is the content of the pages presented in sessions 3 and 7 of the book and
this report.

5. VALIDATION METHOD AND COMPARISON BETWEEN SIMULATION AND TEST
RESULTS OR IEC STANDARDS.

For the SHORT-TIME WITHSTAND CURRENT AND PEAK WITHSTAND CURRENT TESTS
(electrodynamic forces in insulators and mechanical stresses in the conductors) the validation of
the simulations is done by comparing the simulation results with calculations of some cases
presented in an |IEC standard.

You cannot do otherwise as comparing measurements of forces and mechanical stresses with
calculated values because such measurements are not performed in testing laboratories.

Laboratories do not measure the forces during the test, since it is very difficult to do and IEC
standards do not require it. After the test, the physical state of the equipment is checked to verify
if there are damages.

The validation used here will be to compare the software results with the results of the case
studies presented in IEC 6117 (Method to evaluate the supportability to short circuits in low
voltage switchgear) and IEC 60865-2 (Calculation of the effects of short circuits)

These IEC standards present a comprehensive methodology and complete calculations with all the
input data and output results. The two cases used correspond to items 1 and 2 of Table 3 in this
report.

Cognitor — Consultancy, R&D and Training Ltd
Phone :55-21-24653689 or 55-21-33934600 or cell 55-21-98887 4600
E-mail: sergiofeitoza@cognitor.com.br Site: www.cognitor.com.br
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For TEMPERATURE RISE TEST laboratory reports were used to compare test and simulation results
(items 4, 5 and 6 of Table 3).

For INTERNAL ARC TESTS laboratory reports of laboratories with the necessary data are very rare.
The reason is that the IEC standard 62271-200 and TR 61641 do not ask for measuring the pressure
curves, which is the most important parameter.

In this report we used one laboratory test report (item 7 of Table 3) and two results that will be
published in the 2014 CIGRE brochure (ref. [18] Annex B and Annex E). The cases are in items 8 and
9 of Table 3.

In Table 3, there are references of test reports used. Are also indicated the figures (software
screens) showing the input data used in the simulation as well as the numbers of tables that show
the comparison of the results obtained in the test and simulation.

Cognitor — Consultancy, R&D and Training Ltd
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Table 3 — Test reports used for validation of the methodology and software

Test Type of equipment Test report Comments FIGURES with TABLE with
(software screen) inputs and the
Case in the software simulation comparison
database results tests x
simulation
1 Short-time Duct_1 Calculation Complete Figure 1 Table 4
withstand in IEC input data in
current and Duct_01_validF_IEC865 60865-2 IEC 865
peak withstand 2 (1994)
current Page 11 Pages Annex C
11-17
2 Short-time Duct_1 Calculation Complete Figure 2 Table 5
withstand in IEC input data in
current and Duct_01_validF_IEC865 60865-2 IEC 865 Page 355 - 356 | Page 357 book
peak withstand 2 (1994) book Sergio Sergio
current Page 19 Pages Annex C (Seccion?) (Seccion?)
19-27
3 Short-time LVSW-2 Test report Equipment
withstand 19901/009-C approved in Figure 3 Table 6
current and LVSW2_01_M_R19901 ( Annex D) lab test
peak withstand
current
4 Temperature LVSW-1 Test report | Circuit breaker Figure 4 Table 7
rise 67752 25 uQ
LVSW1_01_M_R67752 ( Annex D) 768 w
5 Temperature MVSW_1 Test report | Circuit breaker Figure 5 Table 8
rise 65111 54 uQ
MVSW1_02_M_R6511 ( Annex D)
1
6 Temperature Duct_1 Test report Connection Figure 6 Table 9
rise 67131 joint
Duct_03_3x150x10_R6 ( Annex D) 7 uQ
7131
7 Internal arc MVSW_1 Test report | Complete data Figure 7 Table 10
08-050 with pressure
MVSW1_01_M_08-050 ( Annex D) curve
8 Internal arc MVSW_1 CASED Complete data Figure 8 Table 11
Brochure with pressure
MVSW1_02_caseD_Cig Cigre curve
re ( Annex E)
9 Internal arc MVSW_1 CASE C Complete data Figure 9 Table 12
Brochure with pressure
MVSW1_02_caseC_Cig Cigre curve
re ( Annex E)
10 Internal arc MVSW_1 CASO G Complete data Figure 10 Table 11
Brochure with pressure
MVSW1_02_caseG_Cig Cigre curve
re ( Annex E)
11 Internal arc MVSW_1 Paper Figure 11 Table 12
AbsorberPaper2013 Absorber
Cognitor — Consultancy, R&D and Training Ltd
Phone :55-21-24653689 or 55-21-33934600 or cell 55-21-98887 4600
E-mail: sergiofeitoza@cognitor.com.br Site: www.cognitor.com.br
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Test Type of equipment Test report Comments FIGURES TABLE with
(software screen) with inputs the
and comparison
Case in the software simulation tests x
database results simulation
12 Internal arc ACl_1 CELDA Duplex Figure 12 Table 13
ACI_1_ET651Duplex ET651
Annex G
13 | Temperature ACl_1 CELDA Duplex Figure 13 Table 14
rise ACl_1 _ET651Duplex ET651
Annex G
14 | Temperature ACl_2 CELDA Triplex Figure 14 Table 15
rise ACI_1 ET651Triplex ET651 Annex G
15 | Temperature ACl_3 ACl_3_Brea Figure 15 Table 16
rise kers
16 | Temperature ACl_4 ACl_3 Brea Figure 16 Table 17
rise kers

Phone
E-mail:

Cognitor — Consultancy, R&D and Training Ltd

: 55-21-2465 3689 or
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55-21-98887 4600

Site: www.cognitor.com.br




COGNITOR  Test Simulation Report 071 / 2014 Page 18 of 92

Figure 1 — Ductl — Short-time withstand current and peak withstand current
IEC 865-2 —

Examplel - pages 11-17 — Duct_01 validF_IEC865_2

1 a - Input data

@ Fo0 o 5 [
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17b — Results
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Table 4 - Ductl -
Short-time withstand current and peak withstand current

Case study — IEC 865-2 — Example 1 — pages .11-17 (Annex C)

COMPARISON BETWEEN TEST AND SIMULATION RESULTS IN IEC 865-2
Input data and results graph in Figure 1
Nomenclature of the data presented in Section 7 of the book

Parameter Result in IEC Simulation Difference
standard results with
(pages in Annex C software
) SwitchgearDesign
Max. Mechanical Stress 73,3 76,0 35 %
oH
(N/mm?2)
Max. Mechanical Stress Do not apply Do not apply -
ol
(N/mm?2)
Total Max. Mechanical 73,3 76,0 35 %
Stress
oH+ oT
(N/mm?2)
Max Force in the Do not calculated 3 -

insulator in phase BB
(central) in compression
or tension (N)

Max Force in the 1606 1611
insulator in phase BB

(central) in)
flexure (N)

Cognitor — Consultancy, R&D and Training Ltd
Phone :55-21-24653689 or 55-21-33934600 or cell 55-21-98887 4600
E-mail: sergiofeitoza@cognitor.com.br Site: www.cognitor.com.br
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Figure 2 — Ductl —
Short-time withstand current and peak withstand current — IEC 865-2 —

Example 2 - pages 19-27

2 a — Input data

@ Fop o =
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Table 5 - Ductl —

Short-time withstand current and peak withstand current

Case study — IEC 865-2 — Example 2 — pages .19-27

(Annex C)

COMPARISON BETWEEN TEST AND SIMULATION RESULTS IN IEC 865-2
Input data and results graph in Figure 2

Nomenclature of the data presented in Section 7 of the book

Parameter

Max. Mechanical Stress
oH
(N/mm?2)
Max. Mechanical Stress
ol
(N/mm?2)
Total Max. Mechanical
Stress
oH+ oT
(N/mm?2)

Max Force in the
insulator in phase BB
(central) in compression
or tension (N)
Max Force in the
insulator in phase BB
(central) in)
flexure (N)

Result in IEC
standard
(pages in
Annex C)

24,7

16,1

40,8

Not
calculated

1606

Simulation

results with

software

SwitchgearDesign

25,0

17,0

42,0

11

1611

Cognitor — Consultancy, R&D and Training Ltd
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Figure 3 — LVSW2 —
Short-time withstand current and peak withstand current

Example 2 - pages 19-27 - Testreport 19901/9-C (Annex C)

3 a - Input data LVSW2_01_M_R19901
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Table 6 - LVSW2 -
Short-time withstand current and peak withstand current
Tested in laboratory - Test report 19901/9- (Annex C)

THIS CASE IS NOT INCLUDED IN IEC STANDARD AND STRENGTH AND STRESS MEASUREMENTS
ARE NOT MEASURED IN LABORATORY

Input data and results graph in Figure 3
Nomenclature of the data presented in Section 7 of the book

Parameter Result in IEC Simulation Difference
standard results with
(pages in software
Annex C) SwitchgearDesign
Max. Mechanical Stress Visual 550 (*) -
oH inspection
(N/mm?2)
Max. Mechanical Stress Visual Not applicable -
ol inspection
(N/mm?2)
Total Max. Mechanical Visual 550 (*) -
Stress inspection
oH+ oT
(N/mm?2)
Max Force in the Visual 14180 (*) -

insulator in phase BB| inspection

(central) in compression

or tension (N)

Max Force in the Visual Not applicable -
insulator in phase BB| inspection

(central) in)

flexure (N)

(*) Values of interest are in conductors 1-6 - less resistant. Perceive that the limit usually used is
375N/ mm 2=1.5x250 N / mm2, but in this case passed the test and the value was 550 N / mm?2
=2.2x250N/ mm2

Cognitor — Consultancy, R&D and Training Ltd
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Figure 4 — LVSW1 — Temperature rise test

In laboratory - Test report 67752 (Annex D)
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Table 7 - LVSW1 - Temperature rise test

Tested in laboratory - Test report 67752 (Annex D)

Input data and results graph in Figure 4
Nomenclature of the data presented in Section 7 of the book

Bare bus bar
With ventilation openings — 180 m3/h air flux corresponding to an average air speed of 0,078
m/s = 180/ (0,8x0,8) , effective area for the air input 168 cm2 Additional thermal load 783 W
(to be added to bus bar resistances and connections and contacts)
Circuit breaker resistance as seen from the terminals — 25 pQ per phase (768 W)

Measuring point Test Simulation | Difference
temperature | (K)
rise (K)
A - Terminals for the 53 53 <5%
connection to external
conductors
B — C— D - connection 78 al 89 87 al 92 <5%

between bars and circuit
breaker (**)

E — Connection between the 76 85 <8%
horizontal and vertical bars

F — Short circuit point 46 (***) 76 Thermocouple?
Door 8 (*) <9 <12,5%
Internal air 32(*) 36al70 (*)

(*) The position where it was measured in the test is not indicated - no pictures - and the value can
change greatly with position. In the simulation, the bottom has 36K and ceiling is 70 K. For the
average height is about 50K.

(**) Critical point in testing

(***) possibly the thermocouple was not properly secured. See temperature point E - same bar

Cognitor — Consultancy, R&D and Training Ltd
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Figure 5 - MVSW1 - Temperature rise test

In laboratory - Test report 65111 (Annex D)
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Table 8 — MVSW1 — Temperature rise test

Tested in laboratory - Test report 65111 (Annex D in this report)

Input data and results graph in Figure 5
Nomenclature of the data presented in Section 7 of the book

Bare bus bar Without ventilation openings
Circuit breaker resistance as seen from the terminals — 54 uQ per phase

Measuring point Test Simulation | Difference
temperature | (K)
rise (K)
A - Terminals for the connection 39 39 <5%

to external conductors

B — C— D - connection between 56 al-72 51al 72 <5%
bars and circuit breaker ( **)

E — Connection between the 44 45 <5%
horizontal and vertical bars

F — Short circuit point 34 35 <5%

Door 12 (*) 11 <15%

Internal air Not 13 al 26 (***)
measured

(*) The position where it was measured in the test is not indicated - no pictures - and the value can
change greatly with position.

(**) Critical point in testing

(***) in the simulation, the bottom has 13K and ceiling is 26 K. For the average height is about 20K.

Cognitor — Consultancy, R&D and Training Ltd
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Figure 6 DUCT1 Temperature rise test

In laboratory - Test report 67131 (Annex D)

6 a — Input data Duct_03_3x150x10_R67131

lﬂputdatal seee,[)vmlngsuns! v IGEOMETRIA'| [(: Duct_03_3x150x10_R671 www.cagnitor.combr  Switchgear Design 397 ‘ l

[
-<
§
A

Bl

=

(=]

i

[ e o .
il Material conductores e thsic e
il @ Desnudo

| 1-7 |Copper *| | ¢ pintado
| I I
{5} Frecuencia (Hz)

w0

le..
’--‘-‘-I::::-.-._,

i i | Corriente simétrica (kAef) y Factor asimetria

._ .!.E. duracidn (s) - cresta
i [ 50 | 1 [ 25 %

B
U 4
O I — —
[ N B

Zl T A

N =
dist (mm) 460 \ 152 = 250 & No
Dimensions mm spacers = m ~—
| Contactos Interruptor (ohmE-6 / fase) 7
i conductor Y
350 Fluido |Air x
B joint
u u 1 WATTS adicionales (resistencias, efc ...} 0
Alitude < 1000 m
. I s X
6 b — Results Duct_03_3x150x10_R67131
A x
lﬂputdalal see3DVol RBSUnS] Duct_03_3x150x10_R6713 www.cognitor.com.br  Switchgear Design _307

¥ Cunvas de elevacion de temperatura [~ Limites de elevacion de temperatura em normas I~ Watts E;"Bif 8D DA ‘

Las elevaciones de la temperatura sobre el aire externo (K)

ELEVACION DE TEMPERATURA (K)

AT 7
B [ &
C 82
D 90
E [ 8 [r9
F [s8 |co
Puerta |—23 i;
Fluido 50% H ,—51'
|

TR
1111111111 2222222222 3333333333 3333333333 3333333333 4444444444 5555555555 5555555555 5555555555 6666666666 7777777777
N?meros de conductores uno al lado del otro

Cognitor — Consultancy, R&D and Training Ltd
Phone :55-21-24653689 or 55-21-33934600 orcell 55-21-98887 4600
E-mail: sergiofeitoza@cognitor.com.br Site: www.cognitor.com.br



COGNITOR  Test Simulation Report 071 / 2014 Page 29 of 92

TABLE 9 DUCT1 TEMPERATURE RISE TEST

Tested in laboratory - Test report 67131 (Annex D)

Input data and results graph in Figure 6
Nomenclature of the data presented in Section 7 of the book

Bare bus bar Without ventilation openings
Connection / joint resistance 7 uQ

Measuring point Test Simulation | Difference
temperature | (K)
rise (K)
A - Terminals for the 72,4 74 <5%
connection to external
conductors
B — Conductor # 2 Not 88 -
measured
C — Conductor #3 83,9 82 <5%
D — Conductor #4  (** 84,5 90 <10%
connection)
E — Conductor # 6 Not 88 -
measured
F— #7 — Short circuit point 66,6 66 <5%
Side of the enclosure 30 (*) 22 (*)
Internal air (50% H) Not 51 -
measured

(*) The position where it was measured in the test is not indicated - no pictures - and the value can
change greatly with position. (From 9 to 51/2 = 25 K)
(*) Critical point in testing

Cognitor — Consultancy, R&D and Training Ltd
Phone :55-21-24653689 or 55-21-33934600 or cell 55-21-98887 4600
E-mail: sergiofeitoza@cognitor.com.br Site: www.cognitor.com.br



COGNITOR

Test Simulation Report 071 / 2014

Page 30 of 92

Figure 7— MVSW1 — Internal arc test

In laboratory -

Test report 08-050 (Annex D)

7 a — Input data

MVSW1_01_M_08-050

Switchgear Design 307

[MVSW1_01_M_08-050

www.cognitor.com.br

1-62 || e3s 10

Conductor materil

1 -6 [Copper -

7 |Copper

-

13800

Sym SC current (kArms x s )

Frequency (Hertz)
50

Crest factor (first peak)

[ 315 |

1

7b —Result MVSW1_01_M_08-050

Volume x ocup (m

V2

Vi1
3) IO,610

Initial pressure (kPa) | 1013 101,

Pass Area (m2)

Burst press. (kPa)

12 fp200 23

127 Click>

8000
3 |101.3

—
3

o
" Cables (" Bars

Enclosure material

& CB | ¥ consider reactance XL

Test duration (ms)

SteellowC_10 v

7

Plate (mm) I

2,65 Fluid IAir

=

i’ X
LY
Input data | see3DVol Resuus] [MVSW1_01_M_08-050 www.cognitor.com.br  Switchgear pesign 307 \
T

OAGB L e Al

Internal pressure during internal arc (kPa)

RESULT. Calc. Limit
Pressure peak (%) 50,0 -
kPa abs (152

Overpressure duration

[0
oo I

[ Time 100% peak pressure (ms) 11,0

Integral deltaP *dT (pct *ms)

| Time 50% after peak pressure (ms) 20,0
Minimum plate no burnthrough (mm)|0.67
Burnthrough % of plate thickness | 250 W
Mx. deflection / deformation ( mm ) N4
Arc current - pressurized (kArms)| 2g
P
Arcing time (ms)
Arc voltage (V)

Arc Speed  (m/s)

—

RELEF AREA 1-2 (m2):calculated fromthe [5200
"~ | geometry. If there are grids use free area.

A2z @) [

= netm3

0,610
70

ArcEnergy (KJ) [1010 Arc Gap (mm) 215
© |J/cm2 a300mm 600 mm 900 mm

G

V1 total X ocupation %

1,016 0,600

IARC FLASH FOR S.C. DURATION (ms)

Phone

E-mail:

: 55-21-2465 3689 or
sergiofeitoza@cognitor.com.br

25 30 35 40 45 50 55 60 65 70
Time along test duration (ms)
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Table 10

MVSW1

INTERNAL ARC

Test in laboratory

Test Report 08-050

(Annex D)

Input data and results graph in Figure 7
Nomenclature of the data presented in Section 7 of the book

Performance indicators Obtained in | Obtained in | Difference
test simulation

Maximum pressure (kPa) and 154 kPa 152 kPa
overpressure above arc volume <5%
initial pressure AP (%) (52-56 %) ( 50% )
Overpressure duration ( ms) 46 42 <15%
Integral of the overpressure x - 9
time duration curve
(bar*s*1000)
Duration to reach peak pressure ~ 15 11 (*)
(ms)
Duration to return to 50% of ~ 25 (*) 20
the peak pressure (ms)
Arc voltage (V) - 1251
Arc velocity (m/s) - 41

( * ) Laboratory oscillogram is small to allow a good evaluation of the values of the durations of

time

Cognitor — Consultancy, R&D and Training Ltd

Phone :55-21-2465 3689 or

E-mail:

sergiofeitoza@cognitor.com.br

55-21-33934600 or cell 55-21-98887 4600
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Figure 8 MVSW1 Internal arc test

CASED BROCHURE CIGRE (Annex E)

8 a — Input data MVSW1_02_caseD_Cigre

X x

Input data | see}DVoIl Results I v GEOoM J MVSW1_02_caseD_Cigre www.cognitor.com.br  Switchgear Design 307

- N x B x H
| 1-6F <[ ®s| ™
= T~ 100 10

Conductor material

1 -6 |Copper -

7 |Copper ¥

Frequency (Hertz)
4000 50

Sym SC current (kArms x s )  Crest factor (first peak)

[ [ 1 [ 25 %

V3

V1 V2
Volume x ocup (m 3) |0,275 0,58 10000
Initial pressure (kPa) 120 101,33 |101,3
Pass Area (m2) 1-2 lo 049 23 0,195
Burst press. (kPa) 320 Click> |

o 1 %
(" Cables (" Bas (¥ CB [V Consider reactance XL

| Test duration (ms)
m [111s, b { 1140 r]sﬁ 90

Enclosure material SteellowC_10 v
Plate (mm) 3,65 Fluid  |air v
i Y =

8 b —Results MVSW1_02_caseD_Cigre
A x
Input dalal see3DVol Results ! MVSW1_02_caseD_Cigre www.cognitor.com.br  Switchgear Design 307

P e e cnl
CAGBCCCA

Internal pressure during internal arc (kPa)

. RESULT. Calc.  Limit

| Pressure peak (%) 265,0 -
kPa abs [370

Overpressure duration 78,0

Integral dettaP *dT (pct *ms) 99,0 -

Time 100% peak pressure (ms) 18,0

 Time 50% after peak pressure (ms) 43,0

Minimum plate no burnthrough (mm)|1.01

| Burnthrough % of plate thickness | 28,0

Mx. deflection / deformation ( mm ) 10

Arc current - pressurized (kA rms). 344

¥ Checked it switchgear inductance co

ar
Arcing time (ms) | 90,0

Arc voltage (V) 459,0
_ |ArcSpeed (mis) 51

RELEEF AREA 1-2 (m2).calculated from the [5,025
geometry. If there are grids use free area
A2-3 (m2) [p195

V1 total  xocupaton % = netm3

0,458 0,600 0,275

- JARC FLASH FOR S.C. DURATION (ms) 90

- |ArcEnergy (KJ) F70 Arc Gap (mm) FHS

J/cm2 a300mm 600 mm 900 mm

.

0 5 10 18 20 25 30 35 40 45 50 55 80 65 70 75 80 85 90
Time along test duration (ms)
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Table 11

MVSW1

INTERNAL ARC

CASE D

BROCHURE CIGRE

(Annex E)

Input data and results graph in Figure 8
Nomenclature of the data presented in Section 7 of the book

Performance indicators Obtained in Obtained in | Differenc

test simulation e
Maximum pressure (kPa) and 353 kPa 370kPa <15 %
overpressure above arc (volume V1) (V1) (V1)
volume initial pressure AP ( % )

138 kPa 129 kPa <10%

(V2) (V2) (V2)
Overpressure duration ( ms) ~72 78 <5%
Integral of the overpressure x 99 -
time duration curve
(bar*s*1000)
Duration to reach peak ~13 18
pressure (ms)
Duration to return to 50% of
the peak pressure (ms) ~ 25 43
Arc voltage (V) Avg F-T 460

350 / 250

Arc velocity (m/s) - 51

Cognitor — Consultancy, R&D and Training Ltd

Phone :55-21-2465 3689 or
E-mail: sergiofeitoza@cognitor.com.br
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Figure 9 MVSW1 Internal arc test

CASE C BROCHURE CIGRE (Annex E)

9a —Inputdata MVSW1_02_caseC_Cigre

[MVSW1_02_caseC_Cigre www.cagnitor.combr  Switchgear Design —3%7

z 640

% 1-6f2 <[ 635 [ 10 | & veu

'IWJE i I —— X I o
6) BRLEEE” RN ©

Material conductores

1 -6 |{Copper v

7 |Copper =

Tensién nominal (V) recuencia (Hz)
4000 50

Corriente simétrica (kAef) y ctor asimetria
duracién (s) esta

/ V1 V2 V3
olume x ocup (m 3) I0,652 10000 0
Initial pressure (kPa) [ 101,3 1013 101,3
Pass Area (m2) 1-2 |0,076 23 1E-5

Presion de disparo (kPa)[ 1353 Click> |

2
(" Cabes (" Bames (% hteruptor ‘ v )(éznsx‘lere reatan

Duracidn prueba (m:;

[t {1140

Material caja [steetowe 1 v]  [seelonc 1010
Placa (mm)

265

9b —Results MVSW1_02_caseC_Cigre

Input data | see3DVol Resunsl MVSW1_02_caseC_Cigre www.cognitor.com.br  Switchgear pesign 307
CAGBCCCAL

Internal pressure during internal arc (kPa)
145 s
140} --- . RESULT. Calc. Limit
135%--- - |Pressure peak (%) 430 -
1304 2
55 Y kPa abs [145
1204 - |Overpressure duration 40,0
1154 - . .
S ~ |integral detaP *dT (pct *ms) 9.0 -
1054~ - |Time 100% peak pressure (ms) 130
100+ - 8

95 - - |Time 50% after peak pressure (ms) 27,0

904- -

854 - |Minimum plate no burnthrough (mm)|0.32

gg: ~ |Burnthrough % of plate thickness | 12,0 W
709 | Mx. deflection / deformation { mm 6

65%- - (mm )

604- - |Arc current - pressurized (kArms)[ 43 4

S5~ [V Checked it switchgear inductan

S0 : St

453- _ |Arcing time (ms)

404 - |Arc vottage (V) 4490

354 =

304 -

254 . |ArcSpeed (m/s) 19

20%- -

15 - |RELEEF AREA 1-2 (m2):calculated from the [p 075
104- _ | geometry. If there are grids use free area.

ex A23 (m2) [E5

IE

b V1 total X ocupation % = netm3
-104 1,087 0,600 0,652
15 =
20 _ |ARC FLASH FOR S.C. DURATION (ms) 75
'ggj * |arcenergy (k1) [1a7 ArcGap (mm) s
2354 - {J/cm2 a300 mm 600 mm 900 mm
-40 12

[} 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
Time along test duration (ms)
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Table 12 MVSW1 INTERNAL ARC
CASE C BROCHURE CIGRE (Annex E)

Input data and results graph in Figure 9
Nomenclature of the data presented in Section 7 of the book

Performance indicators Obtained | Obtained in | Difference
in test simulation
Maximum pressure (kPa) and 138 kPa 145 kPa <10%
overpressure above arc volume 2 arcs 3 arcs
initial pressure AP (%) (*) (*)
Overpressure duration ( ms) 70 40
Integral of the overpressure x 9
time duration curve (bar*s*1000)
Duration to reach peak pressure 20 13
(ms)
Duration to return to 50% of the 27
peak pressure (ms)
Arc voltage (V) 400 449
Arc velocity (m/s) 19

(*) Note: The calculations shown in Figure 9b were made using a number of arcs equal to 3, which
is what is done in the software. In Table Cigré Brochure in Annex E the number of "arcs was 2. With
3 arcs the calculated pressure is a little larger than with 2 arcs

Cognitor — Consultancy, R&D and Training Ltd
55-21-33934600 orcell 55-21-98887 4600
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Figure 10 MVSW1 Internal arc test

CASE G BROCHURE CIGRE (Annex E)

10 a — Input data MVSW1_02_caseG_Cigre SF6

A x

Inputdatal see3DVol | Results | [MVSW1_02_caseG_Cigre www.cognitor.combr  SWitchgear Design 307

— ,
. o = ‘ 16F s ®s[ 1o
isssssssannd ........'............ = = = S 7~ 100 10

41 L

625 320,, 625 | x| 320 R, ..I..I [ 21 [ 21 400 X
I L
B aaaee e adame PR T
1 -6 |Copper -
7 |copper v

Frequency (Hertz)

4000 50

Sym SC current (kArms x s ) Crest factor (first peak)

[ 388 [ 1 [ 25 =%

Vi1 V2 V3
Volume x ocup (m 3) |0.275 058 10000
Initial pressure (kPa) 120 1013 |101,3
Pass Area (m2) 12 [opag 23 0,195

Burst press. (kPa) 320 Click> |

N C 1 £
[122 CCaes CBrs (CB | [V ConsiderreactanceXL

Test duration (ms) ,_100

Enclosure material  [SteellowC 10
Plate (mm) Ses Fuid [sre -

10 b — Results MVSW1_02_caseG_Cigre

& x

Inputda'alseeonl Resunsl MVSW1_02_caseG_Cigre www.cognitor.com.br  Switchgear Design 307

(CAa@EBCCOCA

Internal pressure during internal arc (kPa)

RESULT. Calc.  Limit
- |Pressure peak (%) 2770 -
kPa abs [382

N Overpressure duration m

Integral dettaP * dT (pct *ms) ,7.0 -
Time 100% peak pressure (ms) ,T,o‘

Time 50% after peak pressure (ms) 36,0

Minimum plate no burnthrough (mr|'\)’1.T
Burnthrough % of plate thickness | 30,0

Mx. deflection / deformation ( mm ) ]_10

|Arc current - pressurized (kA rms) 338

[V Checked it switchgear inductance considered

| Arcing time (ms) I 100,0

Arc voltage (V) 551,0
Arc Speed  (m/s) 19

RELIEF AREA 1-2 (m2):calculated from the !3’049
geometry. If there are grids use free area.
A2-3 (m2) o195

V1 total x ocupation % = netm3

0,458 0,600 0,275

_ |ARC FLASH FOR S.C. DURATION (ms) 100

_ |ArcEnergy (KJ) 1523  Arc Gap (mm) P15

J/cm2 a300mm 600 mm 900 mm

O

0 5 10 15 20 25 30 35 40 45 50 S5 60 65 70 75 80 85 20 95 100
Time along test duration (ms)
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Table 13

MVSW1

INTERNAL ARC

CASE G BROCHURE CIGRE

(Annex E) equal to CASE D (Table 11) but with SF6 instead of air

Input data and results graph in Figure 10
Nomenclature of the data presented in Section 7 of the book

Performance indicators Obtained | Obtained in | Difference
in test simulation
Maximum pressure (kPa) and 330 kPa 381 kPa <15 %
overpressure above arc volume (V1) (V1) (V1)
initial pressure AP (%)
170 kPa 145 kPa <15 %
(V2) (V2) (V2)
Overpressure duration ( ms) ~90 57
Integral of the overpressure x time 82 -
duration curve (bar*s*1000)
Duration to reach peak pressure ~ 15 17
(ms)
Duration to return to 50% of the
peak pressure (ms) ~ 40 36
Arc voltage (V) Medio F-T 551
400
Arc velocity (m/s) - 51

Cognitor — Consultancy, R&D and Training Ltd
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Figure 11 — MVSW1 - Internal arc test

Paper: Effect of Arc Energy Absorber in a Wind Turbine Switch unit
IEE Transactions Vol. 28 NO 2 April 2013

11 a —Input data MVSW1_Absorber

UNDER PREPARATION

11 b —Results MVSW1_Absorber

UNDER PREPARATION
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Table 14 MVSW1

INTERNAL ARC

Paper: Effect of Arc Energy Absorber in a Wind Turbine Switch unit

IEE Transactions Vol. 28 NO 2 April 2013

Input data and results graph in Figure 11
Nomenclature of the data presented in Section 7 of the book

Performance indicators

Obtained
in test

Obtained in
simulation

Difference

Maximum pressure (kPa) and
overpressure above arc volume
initial pressure AP (%)

Overpressure duration ( ms)

Integral of the overpressure x
time duration curve
(bar*s*1000)

Duration to reach peak pressure
(ms)

Duration to return to 50% of
the peak pressure (ms)

Arc voltage (V)

Arc velocity (m/s)

UNDER PREPARATION

Cognitor — Consultancy, R&D and Training Ltd
55-21-33934600 orcell 55-21-98887 4600
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Figure 12

ACl_1

INTERNAL ARC TEST

CASE CELDA ET651

( Annex G)

12 a — Input data

ACI1_ET651Duplex

@ FoD

I Input data

l

see3DVol ] Results ]

D

12b-|

@ Fop

l Input data
Il Plus

130

110

100
90
80

404
304

.-i'
8§ U & )
E B =
¥ g ] s 2
| 9 I

B m |
i il | ‘
N =
i o8 u =
: ]

o

Results

| seedvol Resuts |

La presion interna durante arco intermo

1204 --

v GEOMETRIA

ACI1_ET651Duplex

[0

~
[0 x [#0

2000

n
=3
S

Ty

@
3
S

450

ACI1_ET651Duplex

1_ET651Duplex

www.cognitor.combr  Switchgear Design _307

# N x B x H IN (A)
171 A [ =» Gvin
oj1 «~ 20 20 | EvCH

Material conductores
1-7 |Copper

0 |Copper

Frecuencia (Hz)
50

Tensidn nominal (V)
15000

Corriente simétrica (kAef) y Factor asimetria
duracién (s) - cresta

o

www.cognitor.com.br SW/'fdlgeaI Des{qn _307

V2 V3
00!

Vi1
Volume x ocup (m 3) l2,026 8000 10000
Initial pressure (Pa) 1013 [1013  [r013
PassArea (m2) 1-2 |0,160 2-3 1E-5

Presion de disparo (kPa) 127 Click =

-Compartment T
| Cabes (" Bames (% nenuotor | [ ;znsnere reatancia

Duracidn prueba (ms) 100

Material caja SteeiCast v | Placa (mm) 265
Fluid {air -

RESULTADOS Calc.  Limit
Sobrepresion maxima (%) 29,0 | 1000
kPa  [131

. |Tiempo final sobrepresion (ms) 84.0

704
60 --
50 --

Integral sobreP x T 39,0] 980
Tiempo 100% sobrepresion (ms) 51,0
76,0

Espessor minimo placa - burnthrou(0,44
170 v

=
7

| 99,0 ‘

 Tiempo 50% sobrepresion (ms)

Burnthrough % espesor placa
Max. Deformacion placa (mm)
Corriente de arco (kAef)
o

Tempo arco sobrep (ms)

Beoso
—

Area de alivio de sobrepresion (m2). 0,160
Atencion a las redes
1E-5

Tension de arco (V)

Velocidad (m/s)

A2-3 (m2)

V1 total X ocupacion % = m3 neto

B T | T | B |
1 | | Y | | 3377 0,600 2,026
[ R | S | S | E S | ER | R IARC FLASH paradumciéndecf. {mS) 100
oot Energia del arco (KJ[g02  Arc Gap (mm) W
J/cm2 a 300 mm 600 mm 900 mm
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 71 r ,10_
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
El tiempo, durante |a prueba(ms)
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Table 15

—ACI1

- INTERNAL ARC

CELDA ET 651

ACI1_ET651Duplex

(Annex G)

Input data and results graph in Figure 12
Nomenclature of the data presented in Section 7 of the book

Performance indicators Obtained in | Obtained in | Difference
test simulation

Maximum pressure (kPa) and
overpressure above arc 129
volume initial pressure AP ( % )
Overpressure duration ( ms) 93
Integral of the overpressure x 43
time duration curve
(bar*s*1000)
Duration to reach peak 67
pressure (ms)
Duration to return to 50% of 87
the peak pressure (ms)
Arc voltage (V) 2599
Arc velocity (m/s) 22

Waiting for some complete test report to enable validation

This is a typical medium voltage switchgear used in one South America country

Cognitor — Consultancy, R&D and Training Ltd

Phone :55-21-2465 3689 or

E-mail:

sergiofeitoza@cognitor.com.br

55-21-33934600 orcell 55-21-98887 4600
Site: www.cognitor.com.br
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Figure 13 ACI1 TEMPERATURE RISE TEST

CASE CELDA ET651 ( Annex G)

13 a — Input data ACI1_ET651Duplex

M ACI1_ET651Duplex
o 1200

nput data | seeaDVol | Resuts |
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Table 16 — ACl_1 — Temperature rise test
CASO CELDA ET 651 ACI1_ET651Duplex (Annex G)

Input data and results graph in Figure 13
Nomenclature of the data presented in Section 7 of the book

Bare bus bar Without ventilation openings
Connection / joint resistance — 40 puQ
Measuring point Test temperature | Simulation | Difference
rise (K) (K)
A - Terminals for connection 14
to external conductors
B — Cable near the fuse 31
C — Terminal of the switch 35
D — Terminal of the switch 43
E — Cable in the top part 46
F — Short circuit point 39
Door 4,5
Internal air (50% H) 9

Waiting for some complete test report to enable validation

This is a typical medium voltage switchgear used in one South America country

Phone
E-mail:

Cognitor — Consultancy, R&D and Training Ltd
:55-21-2465 3689 or 55-21-33934600 orcell 55-21-98887 4600

sergiofeitoza@cognitor.com.br Site:

www.cognitor.com.br
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Figure 14 ACI_2 Temperature rise test

CASE CELDA ET651 ( Annex G)
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Table 17 ACI_2 — Temperature rise test

CASO CELDA ET 651 ACI_2_ET651TRIPLEX (Annex G)

Input data and results graph in Figure 14
Nomenclature of the data presented in Section 7 of the book

Bare bus bar Without ventilation openings
Connection / joint resistance — XXX puQ

Measuring point Test temperature | Simulation | Difference
rise (K) (K)

A - Terminals for connection 31
to external conductors

B — Cable near the switch 31
C — Cable upper part 32
D — Terminal of the switch 43
E—Terminals 41
F — Cable lower part 14
Door 4
Internal air (50% H) 10

Waiting for some complete test report to enable validation

This is a typical medium voltage switchgear used in one South America country

Cognitor — Consultancy, R&D and Training Ltd
Phone :55-21-24653689 or 55-21-33934600 or cell 55-21-98887 4600
E-mail: sergiofeitoza@cognitor.com.br Site: www.cognitor.com.br
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Figure 15 ACI_3 TEMPERATURE RISE TEST
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Table 18 ACI_3 TEMPERATURE RISE TEST

ACl_3_Breakers (Annex G)

Input data and results graph in Figure 15
Nomenclature of the data presented in Section 7 of the book

Bare bus bar Without ventilation openings
Each joint resistance — 8 uQ + 1400 W (sum of circuit breakers)

Measuring point Test Simulation | Difference
temperature | (K)
rise (K)

A 42

B 56

C 75

D 91

E 93

F 88
Door 14
Internal air (50% H) 65

Cognitor — Consultancy, R&D and Training Ltd
Phone :55-21-24653689 or 55-21-33934600 or cell 55-21-98887 4600
E-mail: sergiofeitoza@cognitor.com.br Site: www.cognitor.com.br
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Figure 16 ACI_4 TEMPERATURE RISE TEST

CASE ACI_4_Breakers (Annex G)
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Table 19 ACI_4 - TEMPERATURE RISE TEST

ACl_4_Breakers (Annex G)

Input data and results graph in Figure 16
Nomenclature of the data presented in Section 7 of the book

Bare bus bar Without ventilation openings
Connection / joint resistance — 8uQ + 1400 W

Measuring point Test Simulation | Difference
temperature | (K)
rise (K)
A 56
B 85
C 89
D 95
E 82
F 77
Door 23
Internal air (50% H) 57

Cognitor — Consultancy, R&D and Training Ltd
Phone :55-21-24653689 or 55-21-33934600 or cell 55-21-98887 4600
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6. CRITERIA FOR ACCEPTANCE OF SIMULATION RESULTS (SOFTWARE FIT OR NOT
THE INTENDED USE?).

Unfortunately there is no IEC or IEEE technical standard that define criteria and therefore we are
using as a criterion the values shown in the draft standard proposed by Sergio Feitoza (Table 1 in
this report)

Based on these values it can be said that these simulations give quite acceptable results whenever
the correct input data is used.

7. REQUIREMENTS OF THE OPERATING SYSTEM

There are no special requirements for computers. Throughout the several courses already applied,
the software worked properly.

8. PROGRAMMING LANGUAGE

The software was developed originally in Delphi 7 (formerly Borland and now Embarcadero) and
the most recent version is compiled in Delphi 2010

9. INSTRUCTIONS FOR INSTALATION AND USE.

The conditions of use are “usage is at your own risk” The author of the software and
Cognitor are not responsible for any result or use given to the results.

After downloading or copying the file SetUp_SwitchgearDesignEN.zip installation (size of 4.2 MB)
save it to some directory on your computer.

To install SwitchgearDesign_307 unzip the file and then click the right mouse button on the
uncompressed file and then click with the left button on “Run as Administrator”.

Give OK on everything and when prompted for the password during the installation type
paral50413kalo

After installation, a SwitchgearDesign icon will be created on the “desktop” and in the list of
programs start button.

On your computer a single directory c:\SwitchgearDesign will be created where the all the
necessary files will be installed.

If it is not automatically created, you may create a desktop shortcut to the file

C: \ SwitchgearDesign \SwitchgearDesign.exe

Cognitor — Consultancy, R&D and Training Ltd
Phone :55-21-24653689 or 55-21-33934600 or cell 55-21-98887 4600
E-mail: sergiofeitoza@cognitor.com.br Site: www.cognitor.com.br
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The SwitchgearDesign.exe file, the tables of the database and all other files will be installed in this
directory and its subdirectories. Nothing more will be installed outside this directory.

Here is what you will see:

Access

SwitchgearDesign |:> Figs
SIMPLE

Telas
ﬂ SwitchgearDesign.exe
% unins000.exe
__ cds_arcs.xml

cds_sens.xml

@) |

ode_single.dll
%, qtintf70.dll
|| unins000.dat

This is installer was designed intending to enable software to work fine work fine on all computers
and operating systems.

Although we already have it installed on, many different computers sometimes when installed on,
another PC may be necessary to add files. A typical error message is ... “This file is missing.”

Therefore, if an error occurs in the installation note the error message and send me to the email
sergiofeitoza@cognitor.com.br .

This software, as provided in the training program is for use only within the participant’s company
who received the installer.

Passing on copies to others without written authorization from Cognitor is not permitted.

Cognitor — Consultancy, R&D and Training Ltd
Phone :55-21-24653689 or 55-21-33934600 or cell 55-21-98887 4600
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10.Annex A— METHODOLOGY, VALIDATION AND REFERENCES

The method of calculation and information on the validation of the simulations are presented in
the following and other articles available at http://www.cognitor.com.br/en _download.htm :

[ 1 ] Book “Reference text for the courses SWITCHGEAR, BUSWAYS & ISOLATORS and
SUBSTATIONS AND LINES EQUIPMENT”

Author: Sergio Feitoza Costa, 2013

Free download in the site http://www.cognitor.com.br/Book SE SW 2013 ENG.pdf

[2] A "GUIDE" FOR THE USE OF CALCULATIONS AND SIMULATION OF LABORATORY TESTS FOR
INCREASING THE COMPETITIVENESS OF THE ELECTRIC INDUSTRY
Download : http://www.cognitor.com.br/Article Competitivity Eng 04102011.pdf

[3] “VALIDATION OF SIMULATIONS OF ELECTRODYNAMICAL FORCES, TEMPERATURE-RISE AND
INTERNAL ARC TESTS IN SWITCHGEAR (& main parts of a code) (2010)

Author: Sergio Feitoza Costa

Presented at the CIGRE Technical Seminar "Modeling and Testing of Transmission and Distribution
Switchgear" March 24, 2010 Brisbane — Australia

Download: http://www.cognitor.com.br/Validation Simulations English.pdf

[4] VALIDACAO DE SIMULACOES DE ENSAIOS DE ARCO INTERNO, DE FORCAS ELETRODINAMICAS
E DE ELEVACAO DE TEMPERATURA (e partes do cédigo-fonte) . (2010)

Autoria: Sergio Feitoza Costa

Revista ELETRICIDADE MODERNA — Junho 2010 - pag.194

Download http://www.cognitor.com.br/Validation Simulations Portugues.pdf

[5] “CELDAS, CUADROS, CANALIZACIONES Y OTROS EQUIPOS DE TRANSMISION Y DISTRIBUCION:
FALTA ALGO EN LAS NORMAS IECY EN LAS ESPECIFICACIONES DE USUARIOS”

Autoria: Sergio Feitoza Costa

http://www.cognitor.com.br/Switchgear Busbar Standards Review Spanish.pdf

Publicado en Revista RBE Energia (Madrid / Espafa) - Enero/Febrero 2010 - pag 62 -
http://www.cognitor.com.br/RBE Energia.zip

[6] “Simulation, IEC STANDARDS AND TESTING LABORATORIES: JOINING THE PIECES FOR HIGHER
QUALITY HV EQUIPMENT”.

Author: Sergio Feitoza Costa

Paper published PS1-06 in the CIGRE International Technical Colloquium - Rio de Janeiro -
September 2007 http://www.cognitor.com.br/Artigo Cigre SergioFeitozaCosta Cognitor.pdf

Published also in in Energy Pulse weekly, September, 28, 2010
http://www.energypulse.net/centers/article/article display.cfm?a id=2338
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[7] VALIDACION DE LOS INFORMES DE ENSAYO EMITIDOS POR LABORATORIOS DE PRUEBAS
RECONOCIDOS

Revista SETOR ELETRICO - Edi¢do 82 - Novembro 2012
http://www.cognitor.com.br/ValidatingReports Esp.pdf

[ 8] PAINEIS, QUADROS E BARRAMENTOS: FALTA ALGO NAS NORMAS IEC E NAS ESPECIFICACOES
DE USUARIOS

Autoria: Sergio Feitoza Costa

Publicado na edicdo de junho 2010 da Revista O SETOR ELETRICO - pag.146

Download http://www.cognitor.com.br/Switchgear Busbar Standards Review Portugues.pdf

[9] “SIMULATIONS AND CALCULATIONS AS VERIFICATION TOOLS FOR DESIGN AND
PERFORMANCE OF HIGH-VOLTAGE EQUIPMENT”

Co-authors: M. Kriegel, X. Zhu, M. Glinkowski, A. Grund, H.K. Kim, P. Robin-Jouan, L. Van der Sluis,
R.P.P. Smeets, T. Uchii, H. Digard, D. Yoshida, S. Feitoza Costa

CIGRE WG A3-20 publication A3-210 (2008) - Presented at the Congress Cigre - Paris 2008

[ 10] SIGNIFICANT PARAMETERS IN INTERNAL ARC SIMULATION AND TESTING,

CIGRE WG A3.24, CIGRE A3 SESSION, 2009

M. Kriegel, R. Smeets, N. Uzelac, R. Pater, M. Glinkowski, P. Vinson, S. Feitoza Costa, G. Pietsch, E.
Dullni, Th. Reiher, L. van der Sluis, D. Yoshida, H.K. Kim, K. Y. Kweon, E. Fjeld,

[11] Paper FINDING THE OPTIMAL SWITCHGEAR DESIGN: A comparison between aluminum and
copper and an idea of new concept.
Autoria: Sergio Feitoza Costa & Marlon Campos

Publicado en Portugués en la edicién Enero 2014 de la Revista O SETOR ELETRICO bajo el titulo de
ALUMINIO X COBRE EN PROYECTOS DE LOS PANELES ELECTRICOS (PAGINA 136)
Download : http://www.cognitor.com.br/DesignOptimization.pdf
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11.Annex B - TECHNICAL STANDARDS OF REFERENCE

[12] IEC62271-200 Ed. 2.0 b:2011 : High-voltage switchgear and controlgear - Part 200: AC
metal-enclosed switchgear and controlgear for rated voltages above 1 kV and up to and including
52 kv

[13] IEC TR 60890: A Method of Temperature-rise Assessment by Extrapolation for Partially
Type-Tested Assemblies (PTTA) of Low-Voltage Switchgear and Controlgear

[14] IEC 61117: Method for assessing the short-circuit withstand strength of partially type-
tested assemblies (PTTA)

[15] IEC 60865-1: Short-circuit currents — calculation of effects — Part 1: Definitions and
calculation

[16] IEC 60865-2: Short-circuit currents — calculation of effects — Part 2: Examples of calculation

[ 17 ] IEC TR 60943: Guidance concerning the permissible temperature rise for parts of electrical
equipment, in particular for terminals

[ 18] CIGRE Brochure No. xxx, 2014, “Tools for the simulation of effects of the internal arc in MV
and HV switchgear”

[ 19 ] IEC 61439-1 Ed. 2.0 (2011) — Low-voltage switchgear and controlgear assemblies -
Part 1: General rules

[ 20 ] IEC 61439-2 Ed. 2.0 (2011) — Low-voltage switchgear and controlgear assemblies -
Part 2: Power switchgear and controlgear assemblies

[21]IECTR 61641(2008) — Enclosed Low Voltage Switchgear Assemblies — Guide for testing under
Conditions of Arcing due to Internal Fault.

[ 22] ABB Switchgear Manual - ABB Pocket Book - Switchgear Manual - 10th revised edition
Edited by ABB Calor Emag Schaltanlagen AG Mannheim and ABB Calor Emag

Mittelspannung GmbH Ratingen - Previous editions: (published till 1987 by BBC Brown Boveri,
since 1988 by ABB) - First edition 1948 - http://pt.scribd.com/doc/23692182/ABB-Switchgear-
Manual-11th-Ed-2006

[ 23 ] Sergio Feitoza Costa’s M.Sc. thesis on Electrodynamical Forces at
http://www.cognitor.com.br/electrodynamic.pdf COPPE / UFRJ - Janeiro - 1981
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12.Annex C— CALCULATIONS IN IEC 865-2 — 1994

The standard can be purchased in the site of IEC WEBSTORE  http://webstore.iec.ch/

RAPPORT CEl
TECHNIQUE IEC

TECHNICAL 865-2
R E PO RT Premiére édition

First edition
1994-06

Courants de court-circuit — Calcul des effets —

Partie 2:
Exemples de calcul

Short-circuit currents — Calculation of effects —

Part 2:
Examples of calculation

S

865-2 © IEC:1994 -9~

SHORT-CIRCUIT CURRENTS — CALCULATION OF EFFECTS

Part 2: Examples of calculation

1 Scope and object

The object of this [EC Technical Report is to show the application of procedures for the calcu-
lation of mechanical and thermal effects due to short circuits as presented in IEC 865-1. Thus,
this technical report is an addition to TEC 865-1. It does not, however, change the basis for
standardized procedures given in that publication.

NOTES
1 The examples in this Technical Report illustrate how to make the calculations according to IEC 865-1 in &

simplified and easy-to-follow manner. They are not intended as a check for computer programs.
2 The numbers in parentheses at the end of the equations refer to the equations in IEC 865-1.
3 The system voltages are referred to as nominal voltages.

2 Reference document

IEC 865-1: 1993, Short-circuit currents — Calculation of effects = Part 1: Definitions and
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4 Example 1 - l@ﬂeﬂs on a 10 kV arrangement with single ri

conductors

The basis for the calculation in this example is a three-phdse 10 kV busbar with one
conductor per phase. The conductors are continuous beams With—equidistant simple

supports. The conductor arrangement is shown in figure 1.

Figure 1 - Conductor arrangement

4.1 Data

Three-phase initial symmetrical short-circuit current
(r.m.s.)

Factor for calculation of peak short-circuit current

System frequency
No automatic reclosing

Number of spans
Distance between supports

Centre-line distance between conductors

@r conductor of AIMgSi0,5

— Dimensions b = 60 mm
d = 10 mm
— Mass per unit length m’ = 1,62kg/m s
- Young's modulus E = 70 000 N/mm
—  Stress corresponding to the yield point Rz = 120 N/mm? up to
180 N/mm?
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42 Maximum force on the central main conductor

Ko Y3 2 1 4m-107 vs 3 1.00m /
Fpy=—— —— iy = m————— — x— x (30,610 A)? x 803N | (2)
=g 4 Wl ™ Am g ’ 202qu
where

iy =V2 %I =VZ x1,35x 16 kA = 30,6 kA = 30.6 - 10° A
and the cffective distance between the main conductors
= a_ 0,20 m

- — =0,202
W " Om e @

with k,, according to IEC 865-1 figure 1 for b/d = 6.a,,=a and a/d = 20.

4.3 Conductor stress and forces on supporis

Calculation can be made according to the following 4.3.1 or 4.3.2.

4.3.1 Simplified method

4.3.1.1 Conductor bending stress

Fosl ™
O =Cp =V, V, p—22 _ \ 9.12)
' n
=10x073x B3 NX1.00M _733. 108 N/nf? = 73,3 N/mm?
8§x1-107"m
where _
VoV, = 1.0=(V, V) nax according to [EC 8
B =073 according to IEC 865-1, table 3
3 3
I bd” 0,06 x 0,010 m® = 0510 m*
12 12
L1078 4
Z = J - 05-10" m 31.}0'6’“3
dr2 0,005 m
The busbars are assumed to withstand the short-circuit force if
O SRy, (13)

With the lower value of Ry, ,. For a rectangular cross-section ¢ = 1,5, see [EC 865-1,
table 4. This gives: _
/ \
I \
0,4 = 73,3 N/mm? less than 1,5 x 120 N/mm? = 180 N/mm?

4.3.1.2 Bending force on4h{supporls

Fy=VgV.aF,, : (15)
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According to IEC 865-1, table 2 with the upper value of Ryoa itis:

Ot .. 733 N/mm?

= 0,509
08-Ry,,  0.8x 180 N/mm?®

therefore, with a three-phase short circuit
o
0370< ———— <1

0,8 Rw‘z
Hence

0.8 Ry 0.8 x 180 N/mm?

VeV, =
. Orue 73.3 N/mm?

- 1.97

For the outer supports (A) is with a, = 0,4, see IEC 865-1, table 3:
Fyo= VgV, F3=197%x04x 803 N=633N
For the inner supports (B) is with ag = 1,1, see IEC 865-1, table 3:
Fug= ViV, 05F3=197x 1,1 x803N=1740 N

432 Detailed method

4.3.2‘.1 Natural frequency f_and factors Vg,V and V,, ’\_.\
; 7-10"N/m?x0,5- 10 m* |
Gt A S 3561\/ . \=523Hz (16)
°* T q m  (1,00m) 1,62 kg/m \
where
Y = 3,56 according to IEC 865-1, table 3 =

J=05-10"%m* (see 4.3.1.1).

The ratio fJ/f is 1,05. From IEC 865-1. figure 4 and 2.2.2.6.2 the following values for the
factors Vi, V and V, are obtained:

VF =18
V, =10
vV, =10

4.3.2.2 Conductor bending stress

The conductor bending stress is:

F .l
Ot = =Y, Vrﬁ_‘?i—

e

9.12)

B 1021,0%20.73 02 N Xil,00 Iipl=, W10t N¢m? = 73,3 N/mm’

8x1:-10°%m’
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where
VoV, = 1.,0x 1,0 according to 4.3.2.1 above
p =073 according to IEC 865-1, table 3
Z =1.10%m’ (see 4.3.1.1).

The busbars are assumed to withstand the short-circuit force if
O SqR02 (13)

with the lower value of R0 For a rectangular cross-section ¢ = 1,5, see IEC 865-1,
table 4. This gives:

O = 73,3 N/mm? less than 1,5 x 120 N/mm? = 180 N/mm?

4.3.2.3 Bending force on the supporis
Fy=VeV, o F (15)

According to 4.3.2.1 above, ViV, = 1,8 x 1,0 = 1,8 which is lower than the value 1,97
from IEC 865-1 table 2, see 4.3.1.2.

For the outer supports (A) is with a; = 0,4, sce IEC 865-1, table 3:
Fyp= VeV, 0,F 3=18x10x04x803N=578N

For the inner supports (B) is with ap = 1,1, see IEC 865-1, table 3:

@ VeV, apF,;=18%10x1,1x803N=159N

4.3.3 Conclusions

Simplified  Detailed
method method
The busbars will withstand the short-circuit force. “i\‘\
The calculated bending stresses o, are: N/mm? 73.3 73,3 A
/
The outer supports have to withstand a dynamic “"//
bending force of N 633 578
The inner supports have to withstand a dynamic " —\\
bending force of N 1740 1590 \)
\ /I
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S Example 2 - Mechanical effects on a 10 kV arrangement with multiple rigid
conductors

The basis for the calculation in this example is the same three-phase 10 kV busbar as in

example 1, but now with three sub-conduc i sh in figure 2.
The cross-sections of the sub-conductors are 60 mm x 10 mm as the conductors of
example 1.
]
f——— [, = -;- it
Vs '/’\ﬁ - X T -—d
/ . -
= T T <
IEC 16
Figure 2 - Position of the spacers and sub-conductors
.5.1 Data (additional to the data of example 1)
Number of sub-conductors n =3
Dimension of sub-conductor in the direction of
the force d = 10mm
Number of spacers k =2
Distance between spacers I, =05m
Dimension of spacers of AIMgSi0,5 60 mm x 60 mm x 10 mm

5.2 Maximum force on the central main conductor

3 2107 v 1,00 m
% 33 -2L=ﬂ_sx_ﬁx(3oo 10’A)x =81IN (2

n3 2 2 P a, 2 Am 2 0,20 m

ips=VZx Iy =VZ x 1,35 x 16 KA = 30,6 kA = 30,6 - 10° A

and the effective distance between the main conductors -

©)

with I:lz according to IEC 865-1 figure or b /d, = 60 mm/50 mm = 1,2 and
ald, = 200 mm/50 mm = 4. The dimensions b, and d, are shown in JEC 865-1,
ﬁgurc 2b.
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5.3 Maximum force on the outer sub-conductor between two adjacent connecting pieces

o (ls ¥ I 4x-107 V 30.6 - 10° A 2 0,5
p’=_°(_&)_'._,____ix( )x T =SISN (4)
2r \n a, 2x  Am 3 20,2-107 m
where
1 k k 0,60 0,78 1
— _12 -+ _I! = + = (8)
a, a;, a4 20mm 40 mm 20,2 mm

with k,, and k,; from IEC 865, figure 1:

- k;3=0,60 fora,/d =20 mm/10mm =2 and b/d=6
- k;3=0.78 fora ,/d = 40 mm/I0 mm = 4 and b/d = 6
ora, from IEC 865-1, table 1.

5.4 Conductor stress and forces on support

Calculations can be made according to the following 5.4.1 or according to the following 5.4.2.

. 3.4.1  Simplified method

5.4.1.1 Bending stress caused by the forces between main conductors

F_ a1
c.=V.V —md 9
= VeV =22 ©)
=10x073x SHNXLOOM )49, 105 N/m? <247 Nimm?
8§x3-10"m
where
VoV, = 1.0=(V V) according to IEC 865-1, table 2
B =073 according to IEC 865-1, table 3
bd* 0.06 x 0,01 &8

Z =n = 3x SR i m” =3-107" m" according to TEC 865-1,2.2.2.3

5.4.1.2 Bending stress caused by the forces between the sub-conductors
F 1

= ViV bl 10
s os r 162' ( )
515N x0,5m o >
= =16,1- 10 N/m® = 16,1 N,
HOXTex1 0o m o e
where
Voo Ve = 1,0= (Vg, V) according to IEC 865-1, table 2
Z,=1-10°m as Z in 4.3.1.1 (example 1),
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5.4.1.3  Total bending stress in the busbar material
Oy = Opy + O, = 24,7 N/mm? + 16,1 N/mm? = 40,8 N/mm? (12)

The busbars are assumed to withstand the short-circuit force if
O SqR02 (13)

0,$ Ry (14)

with the lower value of ‘R , ,. For a rectangular cross-section ¢ = 1,5, see IEC 865-1,
table 4 or 2.2.2.3. This gives:
o,

o= 40,8 N/mm? less than 1.5 x 120 N/mm? = 180 N/mm?
o,= 16,1 N/mm? less than 120 N/mm?

5.4.1.4 Bending force on supports

Fy=VpV,aF,_ ., (15)
According to IEC 865-1 table 2, with the upper value of Ry, it is:

O 40,8 N/mm?*

08 Ry, = 0Ex 180 Nam? - 02

therefore with a three-phase short circuit

O,
— . <0370
0.8 Ry,

Hence
VeV,=27
For the outer supports (A) is with o, = 0,4, see IEC 865-1, table 3:
Fan=27%04x 811 N=876N ")
For the inner supports (B) is with ag = 1,1, see [EC 865-1, table 3:

Fp=27XLIX811IN=2409N ) ——

>
4 3.4.2 Detailed method

5.4.2.1 Natural frequency f_ of the main conductor, f,, of the sub-conductors and factors
Ve Vg Vg, Voand V,,

10 ng /2 108 mé
fe=C-Y—z* /fﬁ=o.97x 3.56 x\/7 100Nm?x05-10%m! _(oon
! m, (1,00 m? 1,62 kg/m

—
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where
c=097 according to IEC 865-1, figure 3¢ for k = 2 and the ratio
m,__ 1,62 kg/m x 0,06 m x 2 =004

nml 3x1,62kg/m x 1,00m

Y = 3,56 from IEC 865-1, table 3
J=0,5.10"*m* asJinexample 1.

’ 10 N/m?3 T
i 3,526 B 3.545z x\/7 100 Nm?x05- 10 m* 00 s
% m,  (0,5m) 1.62 kg/m

The ratio £/f is 1,02 and £_/f is 4,18. This gives from IEC 865-1, figure 4 and 2.2.2.6.2 the follow-
ing values to the factors Vg, V,, V.V, and V,:

Vp = 1.8

Va = 1,0

Vg,= 1.0

V, = 1,0

V,= 10

-
-

5422 Bending stress caused by the forces between main conductors

F .l
Cp = VoV, B —g%— (9)
=10x1,0x073x S NXLOOM _ 547, 106 N/m? = 24,7 N/mm?
8x3-107"m

where
VoV, = 10x 1,0 according to 5.4.2.1 above =

B =073 according to TEC 865-1, table 3

bd* ,06 x 0,012 F
Z =n——=3x -9—’;——— m’ =3.10"°m’ according to IEC 865-1,2.2.2.3

5.4.2.3 Bending stress caused by the forces between the sub-conductors

o,=V,V _l_f'_l‘_ (10)

os 13 162. \

- 10%1.0% l515 Nx05m

—————— =16.1-10° N/m® = 16,1 N/mm’
6x1-10"m

where
V. .V.=10x10 according to 865-1, table 2

os 18

Z =1-10°%m’ as Z in 4.3.1.1 (example 1)
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5.4.2.4 Total bending stress in the busbar material
O = Oy + 0, = 24,7 N/mm* + 16,1 N/mm? = 40,8 N/mm? (12)
The busbar is assumed to withstand the short-circuit force if
O SqR 0, (13)
6,SRy, (14)

with the lower value of R;o_z. For a rectangular cross-section ¢ = 1,5, see IEC 865-1,
table 4. This gives:

O = 40,8 N/mm?® less than 1,5 x 120 N/mm?® = 180 N/mm?
0. = 16,1 N/mm? less than 120 N/mm?

5.4.2.5 Bending force on the supporits
Fy=VpV,aF,_, (15)

According to 5.4.2.1 above, VpV = 1,8 x 1,0 = 1,8 which is lower than the value 2,7
obtained from IEC 865-1, table 2 in the case of the simplified method, see 5.4.1.4.

For the outer supports (A) is with a; = (0,4, see JEC 865-1, table 3:
Fia=VeV, 0, F a=18%x10x04x811N=584N

For the inner supports (B) is with ag = 1,1, see IEC 865-1, table 3:

N\
@V,%Fm;=l.8xl.0xl.lx8!lN=(l606D

5.4.3 Conclusions

Simplified  Detgiled
method method
'The busbars will withstand the short-circuit force.
The calculated [bending stresses are i N/mm? 40,8
o, N/mm? 16,1
‘The outer supports have to withstand a dynamic
|bending force of N 876 584
'The inner supports have to withstand a dynamic = N
bending force of N 2 409 1 606
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13.Annex D — COMPARISON WITH TEST REPORTS.

REPORT 19901/009-C — SHORT-TIME WITHSTAND CURRENT AND PEAK WITHSTAND CURRENT TESTS

19901/09-C

tabela de ensalos realizados

data tipo de ensaio pagina n*
0870877009 Enseios ae verificaceo de funclonamento 1Y
mecanico.
05/06/720008 | Ensaio de verificacho da Corrente Auportavel de o6
curto-circulito nos barramentos.
ey e B e o o oo oo

culto noa circuitos de salda

o veritica
curto-circuito no

dh COrrents suportavel de 5%
amento de neutre,

GE/06/2000 Ensaion de verificagho da eficdcia do clrzcuito | 10 @ 13
de protegao.

Péag. n°: 06 de 82

ensaio de verificagdo da corrente suportavel de curto-circuito nos barr
condigdes do circuito da enasaio

circuito de ensaioc - pag, 13 fator de poténcia 0,20 frequéncia 60 Hz

arranjo de ensaio: ver fotos 1 e 2 - pdgina 19.

condicdes do equipamento antes do ensaio: como apds os ensalos anterlores.

corrente de ensaio

ensaio | oscilo dura valor de valor notas
grana Gao crista eficaz
simétrico
a® n° ) kA XA
10z,7 65,1
4 275/09 1,0 126,0 65,4 1) Ensaio n° 4 realizade no circuito descrito na
bservacao n’ 1 nas colunas 1 (toda), 2 (parte) e 3
3.7 66,4 (toaa) .
média=65,6
)] Os barramentos de interligacdo e vertical da

coluna 2 ndc foram submetideos a este tipo de ensaio
porque o de interligacdc (1 barra de cobre prateada
por fase de 2"x3/8") era idéntice ac da coluna 3 e o
vertical (1 barra de cobre prateada por fase de
3"x1/d4"com 11 isoladores tipo pente) ecra similar ao
da coluna 3 (1 barra de cobre nu por fase de
3"x1/4"com 10 isoladores tipo pentel,

condigdes do eguipamento apds o ensaio: sem anormalidades.
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REPORT 67752 — TEMPERATURE RISE TEST

67752 - Calentamiento

[]' NE UNIVERSIDADE DE SAO PAULO T
. E INSTITUTO DE ELETROTECNICA E ENERGIA
Av. Prof. Luciano Gualberto, 1289 - Cidade Universitiria - Butantd

CEP 05508-010 - Sdo Paulo - SP
Tels.: (11) 3091-2527 / 3091-2528 - Fax: (11) 3032-7750

1 de 3

RELATORIO OFICIAL N%:

Um painel de baixa teasio de fabricacso I o (o e
desenho anexo 16,09.10225, 1. 27/29 ¢ 28/29, rev. A, de 18/05/09, fornecido pelo
Interessado

OBJETIVO 1) Ensaio de elevagiio de temperatura, em 60 Hz

OBSERVACOES. a) Registrado sob a OS 2009882E,
b) Data de realizaglio do ensaio: 22/05/2009,

¢) Este relatorio foi emitido em (02) duas vias de igual teor

| Ensaio de elevagio de temperatura, em 60 Hz
1.1  Condighes de ensaio

O ensaio foi realizado de acordo com o item 6.5 da norma NBR IEC 62271-200, de
19/04/2007, da ABNT

2 Procedimentos adotados

O ensaio foi realizado fazendo-se circular nas trés fases do circuito principal do

corpo de prova, a cormrente trifasica de cnsaio de 32004, especificada pelo

Interessado, em 60 Hz, até ocorrer a estabilizagdo das clevagdes de temperatura
3 icio. durante (01) uma hora

O ensaio foi realizado com o sistema de exaustido hgado
Foram colocadas limpadas incandescentes no interior do involucro afim de

simular a poténcia total dissipada pelos acessorios, € com 0s valores indicados em
desenho anexo mencionado antenormente

Para a alimentaciio foram utilizados barramentos de cobre nu (dois por fase) de
bes 0X as de (10x125x2900)mm
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FOLHA
UNIVERSIDADE DE SAO PAULO
INSTITUTO DE ELETROTECNICA E ENERGIA
2 de 3
Av. Prof. Luciano Gualberto, 1289 - Cidade Universitaria - Butanti f
CEP 05508-010 - Sdo Paulo - SP

Tels.: (11) 30912527 / 3091-2528 - Fax: (11) 3032-7750

RELATORIO OFICIAL N% 67752

13

Pontos de medigao:

Indicados pelo Interessado em desenho anexo, citado anteriormente e descritos pelo
mesmo como:

P1 - a 1000mm da conexio de entrada do painel, fase S;
P2 — conexio barramento vertical e cabos, fase S — coluna 1;

P3 - conexio barramento vertical e barramento de entrada — coluna 1,

P4 - conexdo inferior do disjuntor e barramento vertical, fase R — coluna 1;

P5 — conexdo inferior do disjuntor e barramento vertical, fase S — coluna 1

P6 - conexiio inferior do disjuntor e barramento vertical, fase T — coluna 1.

P7 - conexdo superior do disjuntor e barramento vertical, fase R — coluna 1;
P8 — conexiio superior do disjuntor e barramento vertical, fase S — coluna 1;
P9 - conexdo superior do disjuntor ¢ barramento vertical, fase T — coluna 1,
P10 - conexiio barramento vertical e horizontal, fase R — coluna 1;

P11 - conexdo barramento vertical e horizontal, fase S —coluna 1;

P12 - conexdo barramento vertical e horizontal, fase T —coluna 1,

P13 — barramento, fase R -~ coluna 2.

P14 — barramento, fase S — coluna 2;

P15 - barramento, fase T - coluna 2;

P16 — no fechamento “estrela”;

P17 — ambiente interno — coluna 1|

P18 — ambiente interno — coluna 2;

P19 - porta
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| 4 Resultados obtidos

- Corrente trifisica de ensaio : 3200A

- Temperatura ambiente ( Ta ) - 23°C

T-Ta)

- Temperaturas finais (T ) ¢ maximas elevacdes de

PONTOS DE

‘ . o)
|__MEDICAO |
1 Pl | ¥
| P2 (5
’ Py | %
P4 | 95
[ 23 == 102
' P6 | 97
P | 108
P8 [ 115
-
Plo : 84
P11 | 99
P12 | 97
P13 \ 53
"]‘ " (1}
P13 | 63
P16 | 69
P17 | 55
PIs | 16
P19 | !

2.5 Observagio

Sio Paulo, 15 de ulho de 2009
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TR

UNIVERSIDADE DE SAO PAULO

[ISP/J 7:?_/7 INSTITUTO DE ELETROTECNICA E ENERGIA
y, 1 de 3

Av. Prol. Luciano Gualberto, 1289 . Cidade Universstana - Butanta
CEP: 0SS08-010 - Sio Paulo - SP

Q1.2€IN )
10912528 Fax | 2.

( W

RELATORIO OFICIAL Ne. 65111

Um painel de média tensio de rlil‘.llc,l(.‘m_'"”"-”'""

desenhos anexos 26089278, fls 02, 03 e 04, rev. D, de 28/03/08, fornecidos pelo

Interessado

INTERESSADO

OBIETIVOS 1) Medigito da resisiéncia 6hmica dos barramentos do circuito principal
2) Ensaio de elevagio de temperatura, em 60 Hz

OBSERVACOES  a) Registrado sob a OS 2008364E
b) Data de realizagdo do ensaio: 18/04,2008,

¢) Este relatono for emitido em (02) duas vias de igual 1éor

. Medigio da resisténcia ohmica dos barramentos do circutto prncipal

11 Condicdes de ensaio
O epsaio foi realizado tomando-se como referéncia o item 6.4 da norma NBR 1E(
62271-200, de 19/04/2007, da ABNT
1.2 Resultados obtidos
- antenor ao ensaio de elevacio de temperatura
corrente de ensato: 100 A ; temperatura ambiente: 22°C
fase R 11210 fase S: 116 n2: fase T : 122 nQ)
- posterior ao ensaio de elevagdo de temperatura:
corrente de ensaio; 100 A | temperatura ambiente. 21°C

fase R - 111 €. faseS 116ufd: fase T . R = 122 uf2
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2. Ensaio de elevagio de temperatura, em 60 Hz
21 Condicdes de ensaio

0 ensaio foi realizado de acordo com o item 6.5 da norma NBR IEC 62271-200, de
19/04/2007, da ABNT

22 Procedimentos adotados:

O ensaio foi realizado fazendo-se circular nas trés fases do circuito principal, conectadas
em “estrela”, a pedido do Interessado, a corrente trifasica de ensaio de 1250 A, em 60 Hz,
até ocorrer a estabilizaglio das elevagdes de temperatura nos pontos de medigio, durante
(01) uma hora

23 Por icio.

Indicados pelo Interessado em desenho ancxo, citado anteriormente ¢ descritos pelo
MESMO COMO:

P! - a 1000mm da conexdo de entrada do painel, fase S:

P2 - conexdo de entrada do barramento externo do cubiculo, proximo ao parafuso, fase R;
P3 - conexdo de entrada do barramento externo do cubiculo, proximo ao parafuso, fase S,
P4 - conexdo de entrada do barramento externo do cubiculo, proximo ao parafuso, fase T.
P5 - conexdes entre barras internas da fase R do cubiculo, proximo ao parafuso, fase R;
P6 - conexdes entre barras internas da fase S do cubiculo, proximo ao parafuso, fase S,
P7 - conexdes entre barras internas da fase T do cubiculo, proximo ao parafuso, fase T,
P8 - barra R, ponto de conexio com a tulipa, entrada do disjuntor,

P9 - barra S, punto de conexdo com a tulipa, entrada do disjuntor;

P10 - barra T, ponto de conexdio com a tulipa, entrada do disjuntor,

P11 - pinga R do disjuntor, conexio interna da tulipa ( entrada);

P12 - pinga S do disjuntor, conexo interna da tulipa (entrada),

P13 - pinga T do disjuntor, conexdo interna da tulipa (entrada),

P14 - pinga R do disjuntor, conexio interna da tulipa (saida);

P15 - pinga S do disjuntor, conexdo interna da tulipa (saida),

P16 - pinga T do disjuntor, conexio interna da tulipa (saida).

P17 - barra R. ponto de conexdo com a tulipa, saida do disjuntor;

P18 - barra S, ponto de conexdo com a tulipa, saida do disjuntor,

P19 - barra T, ponto de conexdo com a tulipa, saida do disjuntor,

P20 - no fechamento estrela,

P21 - frontal da porta do compartimento do disjuntor;

P22 - maganeta da porta do compartimento do disjuntor
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24 Resultados obtidos !

- Corrente trifasica de ensaio : 1250A

- Temperatura ambiente ( Ta ) : 23°C
- raturas finais (T ) e maximas clevacOes de temperatura (T Ta )

"‘mﬁ TCC) T-Ta °0)
Pl 5 s
P s 3
P 37 kL)
Py 5 3
Ps o4 1
P6 67 44
P? 68 45
P8 75 52
P 79 6
P1o ™ 56
Pl % &
P12 95 72
P13 % 5]
P14 86 63
p1s 5 I
Pl6 X7 r
P17 7 5
Pl - 5
P19 78 S5
P20 & %
P21 3 5
PX2 30 7
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FOLTIA

UNIVERSIDADE DE SAO PAULO

/// INSTITUTO DE ELETROTECNICA E ENERGIA

Av, Prol. Luciane Gualberto, 1289 - Cidade Universitaria - Butanta
CEPOSS08-010 - Sio Paulo - SP
Cls. (11) 3091-2527 7/ 30912528 - I‘ax: (11) 50352 50

conforme

l Kl T I ,!L‘ |‘.1'|; iC "“"n‘.,
desenho N OP. OU8248-00_ rey

OBJETIVO Ensaio de elevagao de temperatura, em 60 Hz

13 de 253/03/09, em anexo, fornecido pela mesmo

OBSERVACOES a) Registrado sob a OS5 2009411
U0

b) Data de realizagao do ensato, 24,0372

¢) Este relatonio toremitido em (02) duas vias de igual teor

| Ensao de ¢levagio de temperatura, em 6OHz
1.1 Condighes de ensaio

O ensaio for realizado de acordo com o em 8 2.1 da normafNBR 1EC 60439-2 de

agosto de 2007
2 Procedimantos adotados

O ensaio tor reahizado fazendo-se circular nas trés fases do corpo de prova, conectadas

estrele, o asica de cnsaio de 4000A, especiticada pelo Interessado

1.3 Pontos de n l'\ll\..]n)

Indicados e descritos pelo Interessado conforme desenho anexo, citado anteriormente
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1 4 Resultados obtuidos

- Corrente tnfasica de ensaio: 4000 A

- Temperatura ambiente (Ta) 26,8°C

- Temperaturas finas (T) e maximas elevagdes de temperatura (T - Ta)

MINTOS TR

MEDIC AQ
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Informe 08-050 — Arco Interno

tkratovia — Report No.: 08 — 050
Zkusebnictvi, as. Sheet : 7027

1. Table of test results: Arcing due to an intemal fault test

Test circuit diagram: ROV331
File denomination: rozv13eu, rozvifeu

Test Us lm I3 Iy 2 le b Dorax
No. (kV) | (kA) | (kA)| (kA) | (kA) | (KA) |(ms)]|(kPa)
82,1 |37,1|350|302| 3286
138 888 (373|353 |307 | 328 |1030| -~ Calibration of the test circuit
840 (350343 |300] 320

818 373354 | 308 | 225
008 138 | 857 |382| 351|300 322 [1030] — Cable compartment "
88.0 |384 350 [ 200 321

Note

rozvideu
005

Circuit breaker compartment

780 (367|348 [300| 322
004 137 618 [385) 340 |30,1| 323 |1030| — Bus-bars compartment
664 (345341 (287 | 317

1) Two indicators were bumnt after the test termination (ca 0,5 s after the end of test). It is visible and

Conclusion: the switchgear passed successfully the test in the cable compartment.

Assessment according to criteria IEC 62271 - 200: 2003 Annex A/ A6 for IAC - A

(for all tested compartments)

A Assessment

Criterion aft. t

A Commen!

Criterion No.1

/ no opened door, deformation of the covers / No doors any t deformation.
Criterion No.2 I g;! l

/ no flown off fragments / No fragmentation of the occurred except for sparking.
Criterion No.3

/ no holes in accessible parts / Arcing didn't cause in the enclosure.
Grterion No 4 |

/ no bumned indicators / No indicators ignited.

/ no disconnection, the enclosure remained Visual inspection enciosure remained
connected 1o its earthing point / connected to its earthing pont.
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Arco Interno

zkratovna Report No. : 08— 050
ZkuZebnictvi, as. Oscillogram sheet : 3/4
Intemal arc test in the circuit breaker compartment
— rozvi6eu.003
o AAAARAARALL 0 RO AR
VYV =1 , 2
e -2 rso 24 ms
_— -4 T100 18 ms to peak
i | p (kPa) I pressure ~42 ms total
5 2ol il 400
,,';_,, Overpressure around 52-57%
' 200 o
" : U E o 5 l' t ' 0.2
1 ) COGNITOR
o v} -200 20\\ —_—
s ms
L] U9 (KV) 50 Hz May 2008
- L AR i Report 08-050
ROZV 050U
AN A 1 j‘% o )
|
5 ~’“f e — o)
1 ¥ tis)

02
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14.Annex E — INFORMATION ABOUT A CIGRE BROCHURE ABOUT INTERNAL ARC
WHICH WILL BE PUBLISHED IN 2014.

Brochure Cigre to be published 2014

TOOLS FOR THE SIMULATION OF THE
EFFECTS OF THE INTERNAL ARC IN
TRANSMISSION AND DISTRIBUTION
SWITCHGEAR

Members

M. Uzelac, Convenor (US) M. Glinkowski, Secretary (US), L. del Rio [ES), M. Kriegel,

Former Conwvenor (CH), J. Douchin (FR), E. Dullni {DE)) 5. Feitoza Costa (BR),| E. Fjeld (NO],

H-K. Kim [KR), I. Lopez-Roldan [AU), R. Pater (CA), G. Pietsch (DE), T. Reiher [DE], G.
Schoonenberg (MWL), 5. Singh (DE), R. Smeets (MWL), T. Uchii {JP), L. Van der Shuis (ML), P.

Vinson (FR), D. Yoshida [JP)

Copyright © 2014

“Ownership of a CIGRE publication, whether in paper form or on electronic support
only infers right of use for personal purposes. Are prohibited, except if explicitly
agreed by CIGRE, total or partial reproduction of the publication for use other than
personal and transfer to a third party; hence circulation on any intranet or other
company network is forbidden”.

Disclaimer notice

*CIGRE gives no wamanty or assurance about the contents of this publication, nor
does it accept any responsibility, as to the accuracy or exhaustiveness of the
information. All implied wamanties and conditions are excluded to the maximum

extent permitted by law”.

I5BM : [To be completed by CIGRE]
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Brochure Cigre to be published 2014

2.5.3 MV switchgear with air insulation

Case No. A B c D

Volume of arc comp. (V;) 0.509 0.509 0.648 0.27 m?

Volume of exhaust comp. (V) >1000 1.275 >1000 0.58 m?

Volume of installation room (1) nia >1000 n/a >1000 | m?

Initial pressure in ¥, 150 160 100 120 kPa abs air
Initial pressure in 1, 100 100 100 100 kPa abs air
Area of the relief opening 4,, 0.00456 | 0.00456 | 0.0763 | 0.049 m?
Discharge coefficient of 4, 0.7 1.0 0.7 1.0

Response pressure of relief device 276 285 35,3 220 kPa rel
Area of the opening 453 0 0.010 0 0.195 m?
Short-circuit current 14.5 14.5 14.5 38.8 kA rms
Number of phases 1 1 2 3

Averaged phase-to-ground voltage 314 424 400 250 V

k,-factor 04 0.55 0.7 0.6

Table 2-3: Input parameters and initial values for MV switchgear cases with air insulation.

04
0.35 - P1 calculated
Case D —— P2 calculated
0.3 1 —— P1 measured
— P2 measured
™ 0.25
o
=
£ 0.2
=
@
@
5 0.15 1
0.1
0.05 -
0 T T T T T T T T T
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
time [s]

Figure 2-13: Case D — Calculated pressure developments in V7 and Vz with air as filling gas and
comparison with test.
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0.35 - P1 calculated
/ P2 calculated
0.3 - c b ——P1 measured
ase — P2 measured
™ 0.25 -
o
=
& 0.2
=
1]
g /
5 0.15
0.1 = = -
0 . . . | time [s]
0 0 0.02 0.04 ‘ 0.06 0.08 0.1
0.15
0_14: =——P1 calculated

——P1 measured

0.13
g
= 0.12 4
o
=2
? 0.11 -
1]
a

0.1 1 J

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
time [s]

Figure 2-12: Case C = Calculated pressure development in V7 in air and comparison with test.’
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15.Annex F- INFORMATION ABOUT DE NEW IEC 62271-307 IN PREPARATION.

IEC/TR 62271-307: High-voltage switchgear and controlgear - Part 307: Guidance for the extension
of validity of type tests of AC metal-enclosed switchgear and controlgear for rated voltages above 1
kV and up to and including 52 kV.

Estas informaciones no sin aun confirmadas — estan en estudios

DRAFT NOT OFFICIAL— NOT APPROVED —IN STUDIES

3ra CD 2014-03-10 - WG 31 © IEC:201X -1 IEC/TR 62271-307

INTERNATIONAL ELECTROTECHNICAL COMMISSION

2
3
4 HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR -
S
] Part 307: Guid. lor ﬂ\e i ol valldny of type tests ol
7 AC metal and solid-i 1
8 for rated voltages above 1 kV and up to and. mcludmg 52 kV
9
10
1" FOREWORD
12 1) The internations! Eiectrotechnical Commission (EC) is 8 for
13 o matiorsl electrotechnics! commitiees (EC Notony Committees). The cbject of EC Is o promote
12 irternational CO-CREration on 3l QUESTIONS ConCeming stancardzaticn In the e«m ana naom( feds To
15 this end and In 3adtion % cther actvites, EC
16 Techrica! Rm Pubiicty Avaisdie Specfcations (PAS) and Guides mcem m © a2 IEC
17 ). Their Is bmuwmﬂ any EC Natony Commizee Interested
18 nnmmduz-um " ths Y , Qovernmentsl and mon-
15 Qovernmenty organiztons 13:2ng with the IEC 330 n ws €C cesely

WEh the for (80) n wen Getermined by
1 % tetween the two
22 2) The forma Gecizions or apreements of IEC on technical matiers exDress, 33 NEarly 33 Possidie, 30 Intermazional
23 conzensus of COINION ON the reievant subjects since eaCh technicyl committee has representation from ail
2 Interested IEC Nations! Commaiees.
25 3) EC Pudications have the %orm of recommendations for intermational we and are accepted by EC Nationyl
26 Commitiees In that sense. While 31 resscnabie efforts are made 1o ensure thxt the technical content of IEC
27 Putiicatcns I3 accurate, EC cannot be held responsibie for the way In which they are used or for any
28 misrtenreistion by any end uzer.

L)nmmmm«wmmry,tcmm; o apply EC
transparerty 10 the marmum extent pOsIie In thelr NATONS! 3nd regiondl put

Jcatces. Any dwvergence
mw,tcmmmmmMmmumchWIucmywcmn
the tatter.

§) EC rself coes not provice any of bogies provice
315essment services 3nd, In zome area, 3ccess o EC manks of contormity. IEC 12 not responsibie for 3y
senices carmed out Dy Independent Cenrication bodies

§) ANl uzers should ensure that they Rave the Iatest edition of this DUBICatON

NO Hanfity A3 3BICh 10 EC or i3 dreciors, empioyees, senants or 3ents INCUINg MAVIGW! expents and
mempers of 3 techncy commitiees and IEC Nationa! Commiiees for 3ny personal injury, Droperty damage of

cther damage of any nature whatioever, whether drect O InGifect, of for Costs (PClUdng iegal fees) ang
epenses anzing Ot ©f the Pudication, use of, or relance wpon, mtcmuucnyw!c
Puiicazcas.

L mmsmunmmucmnms Use of the s
for the comect

£l mmr:m»mnumumuxmdn:!cmmwumma
paters rgres. IEC shall Mwnumvtmmummmw

8656 Gk BB 28889 & GRE B8R

The main usk of IEC | is to prep. Inte: | Standards.

may prop: the publ ofa h | report
Mwﬂ it has oollocad data of a different kind from that which is normally published as
anl rd, for le “state of the art”.

S0 IEC/TR 62271-307, which is a technical report, has been prepared

S§1  subcommittee 17C: HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR
§2 ASSEMBLIES, of IEC technical committee 17: SWITCHGEAR AND CONTROLGEAR
§3  This Technical Report is to be read in conjunction with IEC 62271-200 Ed.2 pubiished
$2  in 2011 and IEC 62271-201 Ed.2 published in 2014,

Cognitor — Consultancy, R&D and Training Ltd
Phone :55-21-24653689 or 55-21-33934600 orcell 55-21-98887 4600
E-mail: sergiofeitoza@cognitor.com.br Site: www.cognitor.com.br



COGNITOR  Test Simulation Report 071 / 2014 Page 83 of 92

DRAFT NOT OFFICIAL— NOT APPROVED —IN STUDIES

- s -
BT RN

BELEBENES2ETEATAREN2EESA

100
101
102
103
104
105
106
107
108
109
110
m
112
113
114
118
116
117
118
118

120

3rd CD 2014-03-10 - WG 31 © IEC:201X -3 IEC/TR 62271-307
CONTENTS
FOREWORD .ottt e e et 1
Do DTN ciat 200 i s B b s BN e o S T S O RS S b S Rl ok S S 4 g i S
1 OOPE e s e s
$2 Nl PPN s
B T I ORI O 0 o s i e o e e e )
3. Different processes using extension of the validity of tyPe 16828 ............o..ooveeovererrrannne 7
B AIND O IOBOION DM s cisicssisoionssssbasmmsash s s S S SASb SHEa
I e A e i N o
42 Parameters for extension critena
43 USe Of CHCUIATUONS ....ooieiernnrninrsnnnnnns
43.1 GONETA ...
432 TEMPRrature Mse CAICUAONS. ............ooeovveerrsececescenssresesseenesrsssssses 12
433 EIRCIC NI CANCUWANONS ... e 12
434 MECNINICA SUEEE CHCUIIIONS .............rooeesecrensrosmasessnssessessermesessens 12
435 SNOM-CIFCUL CUTENT CACUIAIONS...........e.eeeceoesecomssaessnssmssmsensasenes 13
436 INternal arc Pressure Mse CACUATONS, ...............oooveeeersemrseirnrnes 13
44.  Information needed for extension of type test VANARY .................ccoueerrernermnens 13
5. ADPICIUOR OF EXIMNBION O ... oo coscsiaioronimossssmosssnsisiorsiomsibissasiidsaisansiiins 14
B O I s e S 14
5.2. L R AL ALY PN S 3 T SRS IN AN 14
L T Y7 17
S.4.  Shor-time and Peak WIthSIand CUMENt 18818 ...............covveeeecerereeereassscrnsesasens 18
S5  MaKING NG DIEAKING LEEIE . ..o ..o oo ne e eeeeaeens 18
S.6.  INTEINAN A0 TAUIL TEEE .......oovoeeoeoeeeressronsossessssssasssmsssssessesessessaseasssmessasessess 19
56.1 T 19
562 ExXtension Criteria With respect 10 GeSIgN ..............coovoeervemmrrensens 19
56.3 Extension criteria with respect 10 ratings and installation
CONAMIONS ........oeseeveeeean s se v e s sm s ses s anssans s s s se s ot anrannses e sas sannssnsns
6. Selection Of test ODECES 10 TYP@ TEEE. ... o ooooooeoeoeeeeeeeeeeee oo eeneeae
B DU oo isommssiniomsisios i o s oo eSO
6.2. SelecUON Process ..............ccooeeeeveicnaannns
£2.1 BRIDDING O IR EIII oo iisviiossiiosmss oo oo
622 Specification of test objects
6.3 R N e e R R B B e A R S T
Annex A (Informative) Rationale for the extension criteria
AT GRARIAl..coooooeeeeeeereecsseeesesssseseeseeesseesees e s res st s s st st es et
A2 DIBIRCIIC 108 ... oo oeoeeoeeeeeeesseseecmsasesessessese s sssesesessee s seaeses e ssasessnesansens
Al B OTRDRIIIIEE U BUBIE <0005 5050 604604005007 100mo 130 R 00 TP RTINS
Al MEONANICH 1B .ooo..oooeoeceeeescsieesesscsseseessessessoesseessns s st s ss s snsseas
AS  SNOM-time and Peak WIthSLana CUMENE 1eBIE ................cveevcemmurieniensemsisnssanens 30
R e AN 3
AT IR 0 IS -...civ s csiisasssnsomsisbososicssmsssabioss i st s 2
A5  Rationale for extension crterna for ratings and Instailation conditions ............... s
Annex B (Informative) Exampies for the extension of vaiaity Of type tests ..............cc..co....... a7
PG DR s i o e 37

Cognitor — Consultancy, R&D and Training Ltd

Phone :55-21-24653689 or 55-21-33934600 orcell 55-21-98887 4600
E-mail: sergiofeitoza@cognitor.com.br Site: www.cognitor.com.br



COGNITOR  Test Simulation Report 071 / 2014 Page 84 of 92

DRAFT NOT OFFICIAL— NOT APPROVED —IN STUDIES

3rd CD 2014-03-10 - WG 31 @ IEC:201X -4 IEC/TR 82271-307
121 B.2 Design modification of a cable terminal in air insulated switchgear (AIS) ......... 37
122 B.3 Design modification of an AIS bus riser functional unit by adding current
123 1T s OO F e DA NS S N el Sy AR e Ml S (G A TR T P 38
124 B4 Design modification of a key-lock in the door of a functional unitof AIS_..__..._... 40
125 B.5 Extension of a ring-main unit (G1S) to functional units with larger width ......._... 40
126 B.6 Extension of a family of gas insulated switchgear (G1S) by a functional
127 T S A S i A ey FL TS e e e S e P T By 42
1287 LANNEX G DIDOGINIMIY. ..o aiinsiinphiott ditanstnssansiseniasophasns dapunissssan casmissaphyass diasiniayssan ssaniasophssass 45
120
130  Figure 1: Extension of validity of one test report; situation a)
131 Figure 2: Validation of a family by selection of appropriate test objects; situation b) ............... 9
132 Figure 3: Validation of actual assembly with existing test reports; situation ¢) ..................... 10
133  Figure B.1: Cable terminals in the connection compartment of air insulated switchgear ...._... 37
134 Figure B.2: Addition of block-type current transformers into the bus riser functional unit
135 of e insulated SWHChGeRT . ... oo i iniiatiiosisicstivn i i fhis i iag it aen s anns SHiS Eemnn it it iaenis 3@
136  Figure B.3: Special type of key-lock as replacement for a standard key-lock in the door
137 oh - ISR S O Ol s s e e e Ny S S i awaie s 40
138 Figure B.4: Front view and single line diagram of a combination of functional units
139.  making up a RiIng-Maim Uni . il i st ai i it i dde s e asan st bt na eSS e s et 41
140  Figure B.5: Cross-section of two different functional units of GIS ... ... 43
141

142  Table 1- Examples of design parameters

143 Table 2- Extension criteria for dielectric withstand performance

144 Table 3- Extension criteria for temperature rise performance ... 16
145  Table 4- Extension criteria for mechanical performance ... 17
146  Table 5- Extension criteria for short-time and peak withstand current performance .............. 18

147 Table 86— Extension criteria for making and breaking capacity

148 Table 7- Extension criteria for internal arc fault withstand performance

148  Table 8- Extension critenia for internal arc fault classification with respect 1o
150 installation conditions

151 Table B.1- Affirmation of extension criteria with respect to dielectric withstand

152 performance of a functional UNIt.. .. ... oo i eea e ae e aaa et e e nn e anns 38
153 Table B.2- Affirmation of extension criteria with respect to short-time current withstand

154 performance of a functional UNIt........oo et ceee e e e e e e e e e nanae 38
155  Table B.2- Affirmation of extension criteria with respect to temperature rise

158 . performance of & NG M AU s L s e o e s s iy 42
157  Table B.4- Affirmation of extension criteria with respect to internal arc classification of

158 # OIS circtil-breaker’ cOMPBIIMENE ... . ... oo vaiinpneers somronissrsassaansanaphanps somronsisssas seaiss caphanass 43

Cognitor — Consultancy, R&D and Training Ltd
Phone :55-21-24653689 or 55-21-33934600 orcell 55-21-98887 4600
E-mail: sergiofeitoza@cognitor.com.br Site: www.cognitor.com.br



COGNITOR

Test Simulation Report 071 / 2014

Page 85 of 92

DRAFT NOT OFFICIAL— NOT APPROVED —IN STUDIES

Table 3- Extension criteria for temperature rise performance

Item Design parameter Acceptance Condition
criterion
(1) (2) (3) (4)

1 |Centre gistance between phases z Only to be valigated for rated normal currents
above 1250 A (see IEC 62271-1:2011 clause
65.2)

2 |Phase 10 earth gistance = Only to de vaiigated If an Influence on the
surrounding eiements due o currents cannot be
excluded, €.g. eddy currents and magnetising
currents.

Note 1
3 |Enclosure/compartment : The enclosure and compartments are of the
dimensions (L.H,W) and volume same construction.
Note 1

4 |Minimum pressure of insulating : Same gas; for gas Insulated switchgear

gas

§ |Current sensity of conductors s The conductors have the same physical
arrangement

6 |Resistance per unit length of s Compare conductor material and cross-section

conductors

7 |Contact surface area of = Same or better contact materal

connections / joints
8 |Contact force of connections / : Same or better contact material
Joints
8 |Permissibie temperature of : Inciuging metalic coatings having the same or
contact materials of connections lower rasistivity
 joints

10 |Effective ventilation area of = Note 2

partitions and enclosure

11 | Power dissipation of components s Here the maln switching devices, fuses and
current transformers are considered.

Note 3
12 | Area of Insutating barriers s Barriers have the same physical arrangement
Thickness of Insulating coating s Thermal resistivity and emission coefficient shoud
of conductors be the same.
Note &
Coated surface area of z The emission coefficient of the coating should be the
enclosure for heat transfer same.
Temperature class of insulating z
material In contact with
conductors
e - - s s o ia - - 1
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Table 5~ Extension criteria for short-time and peak withstand current

performance
Item Design parameter Acceptance Condition
criterion
(1) (2) (3) (4)
1 Centre distance between z
phases
2 Electro-dynamic forces due < The conductors have the same physical
to current path arrangement.
Note 1
3 Mechanical strength of 2 Notes 2 and 3
insulating conductor
supports
4 Length of unsupported <
sections of conductors
5 Cross-section of conductors 2 Connections of the conductors are scaled and have
the same or greater clamping force and contact
area.
6 Material of conductors same
7 Temperature class of 2
insulating material in contact
with conductors
8 Mechanical strength of the 2 Notes 2 and 3
enclosure /partitions/
bushings
9 Contacts of removable part Same Consider complete design of contact sub-assembly
and the fixing / mounting of the removable part.
Note 1: The effect of different paths might be assessed by calculation of electro-dynamic forces
Note 2: Strength includes mechanical resistance to compression, traction, and bending loads.
Note 3: The enclosure may provide the base for the mechanical supports.
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Table 7- Extension criteria for internal arc fault withstand performance

Item Design parameter Acceptance Condition
criterion
(1) 2) (3) 4)
1 Clearance between phases <
2 Clearance to earth same This concerns the region where the are is
initiated
3 Net compartment volume 2
B Rated pressure of insulating gas, if <
applicable; see note 1
5 Cross-section of conductors 2 This concerns the region where the arc is
initiated
8 Raw material of conductors (Al or Cu or same This concerns the region where the arc is
their alioys) initiated
7 location of the point of arc intiation same Applying the rules of IEC 62271-200 or IEC
82271-201
8 Insulating matenial exposed to the arc same
9 Exhaust cross sectional area 2 The position of the exhaust in the
compartment and the gas flow path are the
same.

Larger cross sectional areas are only
acceptable, if an exhaust duct is used

10 Exhaust opening pressure < Applicable to fluid tight compartments
11 | Mechanical strength of elements to let < Applicable to non-tight compartments.
open the relief device (flap) The relief device and its retaining elements
have the same design.
12 | Mechanical strength of the enclosure 2 This also includes the strength of partitions
and compartment and bushings
Note 2
13 | Thickness of the enclosure walls 2 Same matenal
Note 2
14 | Mechanical strength of the doors and 2 Note 2
covers
15 | Degree of protection (IP-code) of 2 Where relevant for indicator ignition criterion
enclosure
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