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Training, Installation & Validation of Testing
Simulations of high-power tests with

Software SWitChgeal‘DESign_ 2024

Predict results of tests and modify your design to prevent failures in the laboratory
(temperature rise, internal arc overpressures, short time and crest current tests,
electro dynamical forces / stresses & more)

Sergio Feitoza Costa

Reference standards:

e |EC61439-1/2 - Low-voltage switchgear and controlgear assemblies

e |EC 62271-200 and others in the series (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.

e |EC TR 62271-307: High-voltage switchgear and controlgear - Part 307: Guidance for the
extension of validity of type tests of AC metal-enclosed switchgear &controlgear for rated
voltages > 1 kV & < 52 kV

THINGS | HELPED TO DO along my professional life: https:

Contact: Phone +55 (21) 98887 4600
Email sergiofeitozacosta@gmail.com
Site http://www.cognitor.com.br

CV: https://www.cognitor.com.br/Curriculum.html

Download of my free articles: https: .cognitor.com.br/Downloads1.html

Technical posts in LinkedIn: linkedin.com/in/sergiofeitozacosta
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1. FIRST, THE TRAINING PROGRAM

Frequently, the clients of our work come with the vision of having in hands the software SwitchgearDesign and
knowing how to use it for daily design activities. SwitchgearDesign was developed for easy use. It is based on my 25
years of experience in high-power testing, in writing IEC standards and important Cigre documents. | also have 23+
years of experience helping manufacturers and certificators to develop and check substation equipment. | do
calculations, the equipment is tested and approved and that knowledge feeds back into the software code to make it
better. However, the most important part of the consultancy work is the training, unique in the World. There you will
learn or review the concepts behind each of the high power / high voltage tests. Understanding these concepts
means to be well above the average designers knowledge. Learning this your mind will be more open for challenging
tasks like developing innovations and new solutions. So, please start reading this training program. You may choose
the points that, along thee training, will be given more emphasis and points that are not of your immediate interest.
The training program is in section 4 of this document https://www.cognitor.com.br/trainingENG.pdf

Tra ining program: SWitCthEI I' and other substations equipment

+ DEFINITIONS for design, testing & technical standards “SUGEIL
* TEMPERATURE RISE — Design & Tests. IEC61439 + IEC 62271 + IEC60943 + IECE0890
* ELECTRODYMNAMIC FORCES of short circuit: IEC 61117, IEC TR 60865. )
= INTERMNAL ARC TESTS - IEC 62271-200 fIEC 62271-307 (MV), IEC TR 61641 (LV.)

* USE OF SWITCHGEARDESIGN SOFTWARE

* Overvoltages and Insulation Coordination (dielectric tests)

* Technical Specifications, Tests and BIDs required by users and buyers.

* Low voltage switchgear - Technical standards (IEC 61439, IECTR 61641 )
* High voltage switchgear (IEC 62271-1 and 200, IEC 62271-307 (saving tests)
*+  Magnetic and Electric Fields and their Effects (concepts and mapping)

i = studies to define currents and voltages ( normal/ abnormal conditions)

2. WHATIS SwitchgearDesign AND WHY IT HELPS TO DEVELOP A DESIGN FASTER.

| was lucky to work at CEPEL, the only large test laboratory complex in South America, for 25 years, from 1977. It was
from the design of the labs to construction, operation and general management of 14 labs (high power, high voltage,
Ex, EMC, materials, etc..). | learned a lot about design, testing, substations equipment and technical standards.

When | left CEPEL, | thought that helping manufacturers of panels, busbars and other substation components with
product development and testing, would be an easy task. | soon realized that testing knowledge was not enough to
provide high-level support. High-power testing can cost more than USD10,000.00 per day, if you do not fail.

| realized that | needed a tool that could translate design variables as input in reliable results of the more expensive
tests. Initially, | used CFD tools. However, they were difficult to learn and use. For two years, | had in hands one of
the best software programs in the world at that time, CFDesign. | did not find support to answer my technical
guestions. The license cost was and still is high. At that time, the CFD developers were very good at equations and
numerical methods but knew little about solving substation equipment design problems.

So, | decided to stop representing the CFD software manufacturer and started creating my SwitchgearDesign, which
is easy to use and enable to adjust designs to be approved in the laboratory tests. | had already prepared the short-
circuit electrodynamic stresses section since the time of the Cepel 300 kArms laboratory project. | learned a lot as an
assistant of my friend Dr George Zabludowski, the mentor of the high-power CEPEL’s labs.
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Just starting to develop SwitchgearDesign, | was called to calculate internal arcing and temperature rise in medium-
voltage and high-current 50 kA busducts, for Brazilian oil platforms such as P54 and P56. | had then a real challenge
and motivation to complete the software. | have been improving and validating it for the past 20 years based on the
test results, after the design review | do for switchgear manufacturers.

The most common work | do is to receive the project drawings, fit them into one of the SwitchgearDesign models |
have designed for this purpose and simulate the tests. If something shows that the product will not pass the test, |
redefine the project data so that it passes the tests. It costs less than a lab day and avoids the disappointment of not
passing and having to repeat the tests. | have been training many people in doing this, all over the world.

Figures 1 and 2 show a typical “input data” screen, the “results” screens for temperature rise, internal arc and short-
circuit forces tests. Figure 3 shows typical models for medium and low voltage panels and busbars. The YouTube link
for a 4 minutes video showing the basic operations of the software is below.

Figure 1- Typical data entry screen for one of the models
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Figure 2 — Results Screen
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VIDEO YOUTUBE SHOWING THE SOFTWARE SCREENS

Short video (4 minutes): https://youtu.be/ydYUU-BzhUA

Complete video (50 min): https://www.youtube.com/watch?v=3expB4wHiCM

3. CONTENTS OF THIS REPORT.

This report is an update of the previous reports TR 71 (2014) and TR 74 (2015) whose links are in the References and
in my “free downloads area”. There you may find complete technical articles written to be useful to designers and
developers of equipment for substations, especially electric panels and busbar systems. | use this material in the
trainings | apply for equipment manufacturers, certificators and testing laboratories people. You may read details
about the service of “Design Review + Training + software “ in the link in the end of this article. It includes also
installation instructions and more.

Within the material related to test and simulations listed in the REFERENCES section , you may find links to the free
books “Switchgear, busways & isolators and substations & lines equipment”, “180 posts for the electric power
industry, authored by me. They are the base for the training.

This report is intended to help users of the SwitchgearDesign software to understand that simulation results are
very near the results obtained in real tests. It helps also to verify that they are using the tool correctly, by
comparing test simulations against real laboratory tests. The software tool was developed to allow developers to
simulate expensive laboratory tests such as temperature rise tests, short-time current tests (electrodynamic forces)
and internal arc tests. The test reports used for validations may be read in the previous validation reports 71 and 74.

The software is focused in solving problems of the daily life. It was developed based on a large experience in the
design, operation, and management of large testing laboratories, coordinating IEC standards and participating in
CIGRE working groups (CV in first page). These documents are of special interest of this report:

e Cigre Brochure 602 (2014) Tools for the Simulation of ... the Internal Arc in T&D Switchgear,

e Cigre Brochure 740 (2018) Contemporary design of low-cost substations in developing countries

e Cigre Brochure 830 (2021) Simulations for Temperature Rise Calculation.

IEC technical standard IEC62271-307 (2015) and IEC 60282-2 (1990)

There is no IEC standard focused in providing guidelines for the use of testing simulations. So, | prepared the
“Guidelines for the use of simulations and calculations to replace some tests specified in international standards “
which is referred in CIGRE Brochure 602.

Using simulations of high-power electrical testing is a realistic solution increasingly well accepted. To replace tests
by calculations or simulations is not a new idea. It is applied for decades in technical standards such as IEC62271-307
(Extension of the Validity of Test Reports), IEC 60076 - Power Transformers (short tests), IEC 61439 (low voltage
switchgear) and the previous IEC 60439.

Each time more equipment buyers accept to replace some tests by testing simulations. A suggested reading is the
article “EXPLAINING IEC 62271-307 — EXTENSION OF THE VALIDITY OF TYPE TESTS TO AVOID TESTS REPETITIONS .
There you can understand the relevant design variables considered in SwitchgearDesign testing simulations. | am
coauthor of this IEC document and of the Cigre brochures mentioned above.

4. ABOUT TESTS AND TESTING SIMULATIONS.

Laboratory type testing, as specified in product standards, is the most used 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. The costs of tests are a real barrier to small-size manufacturers to develop innovations.
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Testing simulation techniques can predict results of several type tests. Frequently they enable to obtain much more

complete information than the ones 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.(Focus of the CIGRE brochure 602)

(d) To support IEC 62271-307 analysis for the extension of the validity of test reports.

Testing simulation to extrapolate the results of an already done laboratory test to other, with similarities, untested
equipment can be done in an easier or more complex way depending on the type of test.

Temperature rise tests: the simulation to replace a test is relatively simple to validate. You need only to compare
the results of simulations with measurements of temperature rise shown in th e reports of laboratory tests.

Internal arcs tests : what can 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.
IEC’s standard 62271-200 specifies this measurement as optional.

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 including
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 against laboratory test reports. By the
same reason the IEC 61439 and IEC 62271-307 documents also reference IEC 61117.

"Guidelines for Simulations” informed above, details all the steps and conditions for validating testing simulations. 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
reproducibility of the calculation method is the key point.

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. For the test to be reproducible 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. Most testing
labs measure only the total resistance per phase because the IEC standard to do highlight the partial values.

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 acting on insulators (compression,
tension and bending) and the mechanical stresses on the bus bar conductors using the expressions presented in
previous reports 71 and 74 (References).

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 dictated by the materials
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.
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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. The
requirements for passing in the test like are the evidence that the doors will not open, that hot 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. 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. Because the flow of hot gasses cannot be simulated well, all the
assessments are made based on the overpressure curves values.

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.

3.4 — Validation of a simulation method against laboratory tests and tolerances.
Validation is 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. The method is 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 like these examples.

Table 1 — Tolerances between test results and simulation results

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 5% to 10%
atmospheric pressure (crest and duration)
Short time withstand current, and Electrodynamic forces and mechanical stresses 5% to 15%
peak withstand current tests

5. VALIDATION OF SIMULATION RESULTS FOR SOME SwitchgearDesign MODELS.

The main models available in SwitchgearDesign are like in the figure to follow. They cover more than some
90% of the situations | have seen in the electric industry.

In the next pages we will compare the tests results and simulation results for some of these models.

When the SwitchgearDesign user have doubts it is using the tool correctly can calculate one or more of
these examples to be sure is doing the right things and typing the correct values.

Remember that there are many variables, and a wrong typed number can have a big influence in the
simulation results.
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Figure 1 — Ductl - Short-time withstand current, and peak withstand current
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Figure 2 — Ductl — Short-time withstand current, and peak withstand current —
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o3 kA rms 16,0  Duragdo(s) 10
012 Alumi
uminum Calc
011
01
TTITT1111112222222222333333333333333333333333333333334444444444555555555555555553555555556355555556666066666677777777777
Numeros dos Condutores lado a lado

Max. Mechanical Stress oH

(N/mm2)

24,7

25,0 1,2 %

Max. Mechanical Stress oT

(N/mm?2)

16,1

17,0 0,6 %

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

40,8

42,0 0,5 %

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

Not calculated

11 -

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

1606

1611 0,3%
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Figure 3 — LVSW2 — Short-time withstand current, and peak withstand current -

Example 2 - pages 19-27 -  Test report 19901/9-C

Inputdata Results Calculator salvarTela LVSW2_ 01 M_R19901 Screen Scake 100% Durag@o do ensaio

- a X

S . O — www.cognitor.combr | Tenséo nom. (V) TipoEquipamento Types # N x H x B
ress. 1.6 S 1 ¥ 76,2 6,35
3 re] - - Fluid  Air - olvsw2 = -
| T T U —— o o

800 v ¢ e Io
110 205 |SteellowC_1010 : bucT1 : Gisiph
: ¢ S © MVemil C GIS3ph
== | Ovsw_1.2
¢ lcc KA ef / duragdo S O Wpro O LVemil
2 H 65 1 O Mveol O puct2
i i Omva ¢
. ' s dea = ) MVkir _ Lvfok
T N= [Bhv O tmel O Wice1
| dstimm) 780_| / 228 % 5 Wice O Megyp
:z / Selecione TIPO DE TESTE, ciick 2«
2350 /
z P LVSW2_01_M_R19901
f ’ O ForgasEletrodin. LVSW2_0LM_TO
i eond Vi 7‘»;:(“‘7“"”’ LVSW2_06_paper_OtmForces
| ot O Campo Elétrico LVsW2_00_Cart16 Conductors # Materials
i \ ) Gampo Magaéiico LVSW2_00_Lorenzo
! ) : LVSW2_05_ValidForcesiEClcond
" i ' - LVSW2_Isi_ET
; 716 O ElevagioTemperatura
+ 15 |
1} 2 Arco Interno / Interrupgio
400
~ NOVO
Costs_Phases_Language W< ril=
T R O[3l | Cobertura das barras SER
: ONi ) Pintar MySF_ MF [ v ]
in computer
Input data see3DVol Results Calculator savarTela LVSW2_ 01 M_R19901 Screen Scake 100% Duragdo do ensaio 60
JdFdM (N/m) " ¢ — — 7 — WATT - magnetic induetion - enclosure WATTs - magnetic induction -spacers
N
e~
Forcas nos isoladares (M) Ph.B Corrente de crista (kAcr) 143
X ¥ @ Forcas Supartes X (N ) ) .
oo F® Forcas Suportes Y (N) | COente Sim- (kaeh) 65
0w Assimetria 22
050
-
000 |@
o0 |
1o W~ dFz/dm [ N/m )
s Compare Direg3o da Forga com Posicio
e e e e e e e e e e . e - ® | 4o isolador
-6.000 - L ]
o0
5000 L4 - - [
oo . ® RESULTADOS
o Dedet. 3.5 7
5000
40000 L Y
U1 03 o3 oA W5 W W7 8B 88 1 1 13 13 1A 1F 18 17 18 13 2 21 23 33 31 35 35 27 23 28 9 371 33 33 31 35 3p 37 38 38 4 41 1% 13
Nimeros tos Condares iada 3 lode Tal W
Tensoes mecanicas nos condulores dividide por tensao krite (Tabela 4 - IEC 855-1 - 15 Talg2) - manter < 1 (Nfem2) 554 B
. le H F— Tensdo mecénica condutores ¥ ( Nimm2 ) Tal T
(n/mmz2) 0
'f Tal_H+T
12 (Mfmm2) 554 496
“
' Limite Tal_H+T: |EC 865-1- Tabela 4- Q=1,5-
08 menor que 375 N/fmm2{cobrejou 180
o N/mm2(aluminic)
o Atencao: no grafico deve ser menor ou igual a 1
o egad minima recozimento (mm2) 403
0s
B kA rms 65,0 Duragdo (s) 10 1
jz Copper Calc
o1
T T TITIIII S TS e i T TT i i i i T it ia TR I i iTses0seseses TITTTITIFIRITIITNIFITTTIT AT ITTTT T aFT AT vavavTav T FvTIvivTo7y
Parameter Result in IEC Simulation results Difference
standard
Max. Mechanical Stress oH (N/mm2) Visual inspection 550 (*) -
Max. Mechanical Stress oT (N/mm2) Visual inspection Not applicable -

Total Max. Mechanical Stress cH + oT (N/mm?2) Visual inspection 550 (*) -

Max Force in the insulator in phase BB (central) in Visual inspection 14180 (*) -
compression or tension (N)
Max Force in the insulator in phase BB (central) in) | Visual inspection Not applicable -

flexure (N)

(*) Values of interest are in conductors 1-6 - less resistant. Perceive that the limit usually used is
375N/ mm2=15x250 N/ mm2, but in this case passed the test and the value was 550 N / mm2 =2.2 x 250 N / mm?2

Cognitor — Consultancy, R&D and Training Ltd ~ ****  Phone / Cell :55-55-21-98887 4600
E-mail:  sergiofeitozacosta@gmail.com Site: www.cognitor.com.br



mailto:sergiofeitozacosta@gmail.com

COGNITOR  Test Simulation Report 150 / 2024 Page 12 of 30

Figure 4 — LVSW1 - Temperature rise test - In laboratory - Test report 67752

Input data Results Calculator salvarTela  LVSW1 _00_M_R67752 Screen Scake 100% Durag@o do ensaio 10(
www.cognitor.combr | Tensdo nom. (V) TipoEquipamento Types # N x H x B IN (A)
= 1.6 S - O LvEw1 e - 9,52 ] [
= | G Il Owswz —— WS CASL
7 | Neatertal 46 KBk iEr MVSW1 2 ¥ 127 9,52/| 3200 l ov HI
110 400 Al Opuctt O Gis1ph
. uminum
% mm 2,65 MVemil O GIS3ph
) LVSW_1_2
Icc KA ef / duraglio S Wero ) Wemil
65 1 © Mveol ouct2
H Fator de assimetria - crista o LY
- LWmel O WWice1
2,2 Lice ) MVegyp
2350 Selecione TIPO DETESTE  click 2x

P LVSW1_00_M_R67752

LVSW1_00_M_R67Lorenzo

FargasEletrodin.

Campo Elétrico

Conductors # Materials
Coj r

Canipo MaEIiES LVSW1_67752 coppe
LVSW1_67752_Aluminum
P 2
LVSWI_EMIL2x60x10
0 : © ElevagaoTemperatura s, renione
T SR ook ) p <
1 3 >
xn:: 208, : Arco Interno / Interrupgio
400" a -

¥ NOVO
Costs_Phases_Language <i»In

VOLUMES 1,2,3,4 RIS O[3l | Cobertura das barras Save
R = Resistencia / fase -CB1 /conexdes ONG O Pintac) MySF ) MF
(ohmE-6) in computer _

R1(uQ) 25

Watts 1 783,00

1920x1080 - scale100% | Ventilacao ? luti
Partitions 1 1 o sIM - Nao S MF Best Resolution
7!
Vent 1 (cm2) 168 Q(m3/h)Ifno fan write 0 1800 1280x768

See Project Types

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 puQ per phase (768 W)

Input data see3DVol Results Calculator Salvar Tela  LVSW1_00_M_R67752 Screen Scake 100% Duracéo do ensaio 100
| X — — — [ Ver limites de elevagio de temperalura nas nomas 8 Watts ® See curve
o (8] Ph.B e
Resistencia Heatav)(:; ImpedanciaOhm E -6
WAWS{nthErs4magn.zncJ Contacts  Barras
1 1500l Wecs
2 0.0 ] 444
3 0,0 o 0
4 ]
Dissipagéio potencia total (Watt. 3038.74
ELEVACAO DE TEMPERATURA (K)
A 50
B 38
C 85
D 82
E 81
F 72
Fluido 50% H 41
Porta 28
Measuring point Test temperature rise Simulation Difference
(K) (K)
A - Terminals for the connection to 53 53 <5%
external conductors
B — C— D — connection between bars and 78 to 89 <=88 <5%
circuit breaker ( **)
E — Connection between the horizontal 76 85 <8%
and vertical bars
F — Short circuit point 46 (***) 76 Thermocouple?
Door 8(*) <9 <12,5%
Internal air 32(*) 36al 70 (*)

(*) 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
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Figure5 —MVSW1- Temperature rise test in laboratory - Test report 65111

Input data Results Calculator salvar Tela  MVSW1_02 M _R65111 Screen Scake 100% Duragdo do ensaio 6
- 1900 _ ww..:ogmtorm:n.nr T,,.,g:;.:u..é_m m Tilrzvsof:;uipar?ﬂe::: Types # N x H x B IN (A)
. 25 { Gl A owswa : -2 -l e3s 10| 1250 I oVC HI
=l R 400 wx B —— O MVSW1 -1 - 100 1o| 1250 I ov HI
= VO == imtee S coen cesn
b 265 ) Mvemil ) GIS3ph
“eay ]I  d 100 . Cvsw 1 2
------- lec KA ef / durago S Owpro O Wemil
T 315 1 © Mol O puct2
450 .
@ I Fator de assimetria - crista - Mw"i (TS
O lVmei O Licel
. X O 25 s O Lice O Mvegyp
g 630} Selecione TIPO DE TESTE, click 2x
i O ForgasEletrodin
370 AY
1 © Campo Elétrica MVSW1_SIN40kA_800mm_20004 Conductors # Materials
MVSW1_02_caseC_Cigre Copper
! 0 © Campo Magnético MVSW1_02_M.24
i »
o [ "
1700 3 Arco Interno / Interrupglo
* NOVO
Costs_Phases_Language A » -
R1(u0) VOLUMES 1,2,3,4 Screen Scake 10 Cobertura das barras
54 R = Resistencia / fase -CB1 /. 5 N
R Gesitoni ose 51 fconens  comouter T —
Watts 1 50,00
1920x1080 - scale100% | Vientilacao ? Best Resoluti
Partitions 1 1 I 5IM o Nio O ME est Resolution
Bare bus bar Without ventilation openings - Circuit breaker resistance from terminals — 54 uQ per phase
Input data see3DVol Results Calculator SalvarTela  MVSW1_02 M_R65111 Screen Scake 100% Duragdo do ensaio 65
\( X — — — Ver imites oe elevagdo de temperaiura nas nomas 8 Watts B See curve
n.-,w.;nmmp.m.;mHm”..z..mm. Ph. B E Besistendia [ Tage (OhmxES]
" > de Temperatura Condutor (K] 64 15¢
= de Temperatura Fiuido (K) Resistencia  Restoncla  ImpedanciaOhm E -6
@ 'WATTS (others + magnetic) Contacts  Barras
- 107 156
- 2 0,7 266 53
f’ 3 03 56 93
= D 4 0
% Dissipagéio potencia total (Watt. 353,66
5 ELEVACAO DE TEMPERATURA (K )
- A 36
B B 50
: -
“ D 56
« E 46
. F 36
* Fluido 50% H =
“ Porta 10
N
i i e N N M p Py Frr Ty T e KRR RN
Measuring point Test Simulation (K) Difference
temperature rise
(K)
A - Terminals for the connection to external conductors 39 39 <5%
B — C— D — connection between bars and circuit breaker ( **) 56 al-72 51al 73 <5%
E — Connection between the horizontal and vertical bars 44 45 <5%
F — Short circuit point 34 35 <5%
Door 12 (*) 11 <15%
Internal air Not measured 13 al 26 (*¥**)

(*) 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.
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Figure 6 - DUCT1 - Temperature rise test - In lab - Test report 67131 Duct_03_3x150x10_R67131 \

e g s

Input data Results Calculator sahvarela DucCt_03_3x150x10_R67131 Screen Scake 100% Duragdo do ensaio 3
I Dist. supports:= L / (5 +2 *N) 2 v cognitor.com.br w| | TIPoEquipamento Types|| # N x H x B IN (A)
- Lvswi1 Mvsat
3 oo . : D s
= — Press. . horizontal Y Fluid  air -l Owswz
o - - - — -
> : il Material do invlucro MVSWL
Aluminum sbian 0
& mm 3 O Mvemil O GIs3ph
”‘5 DLVSW_1_2
¥ Icc KA ef / duragiio 5 Wpro ) Wemil
50 1 2 Mvical 2 pucT2
Fator de assimetrla - crista — O
LVmei ) Vicel
25 O WVice O Mvegyp
Selecione TIPO DETESTE  click 2x
Duct_DO__FOC_forces
ForgasEletrodin. et 00 Redeteres
i o e H o - I Duct_01_validF_IECS65_2Pagll
N B X ) Campo Elétrico Duct_02_valkdF_IECESS_2Pagla Conductors # Materials
dist. supports {mm) 460 30 250 P Duct_03_3x150x10_R671:
ey b - Campo Magnético Duet_04_Is! x10x1657A30
Duct_04_ISI_Hig
Y t Sy
- u conductor 350 O ElevagdoTemperatura
01 joint l O Arco Interna / Interrupgio
Dimensions mm 10 X

* NOVO
Costs_Phases_Language |, ) | —

VOLUMES 1,2,3,4 o 0Pl | Cobertura das barras Save
R1(uq) 7 R = Resistencia / fase -CB1 fconextes U —
(ohmE-6) in computer _

Watts 1 0,00
1920x1080 - scale100%  Ventilacao ? ~ .
Partitions 1 n OSiM o Nio e Best Resolution
Bare bus bar Without ventilation openings Connection / joint resistance 7 uQ
Input data see3DVol Results Calculator SalvarTela  Duct_03 3x150x10 R67131 Screen Scake 100% Duragdo do ensaio 30
5 .\; X 1 ver iites de evevagao de emperatura nas normas B Watts @ 5ee cune
Elsvacoss de temparatura sobre o ar extemo (K) @h. B SEEEEEDEMAED) o,
- F— Elevaciio de Temperatura Condutor (K) 2 29 51
" E Temperatura Fluido (K) Resistencla  Reatancia ImpedanciaOhm E -6
i 51 504 506
Dist. supportsi= L J5 +2 * N) L WATTS (others + magnetic)  Contacts  Barras
1 0,00 0 0
i i 2 9.3 1056 1413
3 03 0 o
4 0
Dissipagéio potencia total (Watt 478,80
ELEVAGAO DE TEMPERATURA (K )
A 61
B 82
¢ 82
D E
E 82
F 70
N . 36
dist. supports [ll;‘n'\} ! Fluido 50% H
Porta 19
P conductor
=0 joint
Dimensions mm
o
“
B Ry e S i i i dni 445 s s 55 555 55558555 5555 5505053 56 6086817117
Measuring point Test temperature rise ( K) Simulation (K) Difference
A - Terminals for connection to external cond. 72,4 74 <5%

B — Conductor # 2 Not measured 88 -

C— Conductor #3 83,9 82 <5%

D — Conductor #4  (** connection) 84,5 90 <7%

E — Conductor # 6 Not measured 88 -

F — #7 — Short circuit point 66,6 66 <5%

Side of the enclosure 30 (*) 19-30 (*)

Internal air (50% H) Not measured 48 -

(*) The position where it was measured in the test is not indicated - no pictures - and the value can change greatly with position.
(From 9to 51/2=25K) (*) Critical point in testing
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Figure 7 — MVemil - Temperature rise test - Test report 82998 — 27/07/2021 - Emil31x6_400Avalid

t: nitor.combr 3 i i
7 — nitor b Tensa(;;;)urré. V) o TipoEquipamento Types # N x H x B IN (A)
—f g Pl ! == . O vswi O MVset
M — =] L c—— [ press. I — - 1000 ; -1 - 32 635( 4008 ovoH I
i — - ok — T Fluid |air « |l Owswz
- X7 J; . . O mvswi 1 © 32/ 6,35 400 I OVOH I
s — = L Material do invélucro
© MVemil O GIs3ph
r # mm 2,65
_|| PSS 400 — Owsw_12 - N 32| 635 400 I OVvOH I
0o — lcc KA ef / duragdo s O Wpro O Wemil - 1. = 635 oo I ovoH I
— v = 16 1 O Mueol Oouct2 -
R ) 1. 32 635| 400 I ovOoH I
@ B @ ‘ Fator de assimetria - crista S @
- N h by O LVmei O Lvicel - 32 6,35 400] OVOH I
i | B -
LVi MV
= @ Rug R g * “ O tviee & TNz - - 32 635/ 400 I cvoHI
. i || wo ‘ Selecione TIPODE TESTE  click 2x - 5 sl 635] <00 I ovon l
. P Emil31x6_400Avalid
14‘00 ® FargEsE S Emil31x6_400Avalid_biss - - 32 635/ 400 I OVOH I
. Ik
.
1600 P 3. 1€ @ ‘ O Campo Elétrico Conductors # Materials
T |l -
{ = @ J © Campo Magnético
700 E F R 1”0 © | ‘ © ElevagdoTemperatura
{5 400
CB = @ @ e J O Arco Interno / Interrupgéo
g - | ~ NOVO
700
- - Costs_Phases_Language MAARNNE
VOLUMES 1,2,3,4 ORI CRO [0 7J | Cobertura das barras
R1(pQ) 81 R2 58 R 3 59 R = Resistencia / fase -CB1 /conexdes ONi O PintaO MySFC MF
Watts 1 w2 w3 (ohmE-6) in computer
atts 0,00 0,0 0,0

19201080 - scale100% | Ventilacao ? Best Resolut
Partitions 1 1 P2 1P3 1 O SIM o N3o OMF est Resolution

Total resistance per phase measured after test 707 uQ - Resistance CB 81 uQ - Resistance switch 59 pQ

Elevacoes de temperatura sobre o ar externo (K) Resistencia / fase (Ohm x E-6)

4% Contatos arras Total

i M =_Elevacédo de Temperatura Condutor (K) 178 607 784

. - Elevacdo de Temperatura Fluido (K) Resistencia  Reatancia ImpedanciaOhm E-6

hic ~ @ _Termopar 784 1096 1348

:; i, WATTS (others + magnetic)  Contacts Barras

0 B 1 0,00 32 113

33 2 0,0 30 101

36

= P5aP7=37K 3 0,0 23 77

33 4 0 0 0

£l Dissipagdo potencia total (Watt. 376,52

> ELEVACAO DE TEMPERATURA (K)

. - A

A P23=24K 8 =

x P1=28K Z C 36

;f D 37

:i E 37

" F 44

o Fluido 50% H g

12 Porta 2

o

&

Measuring point Test temperature rise (K) Simulation (K) Difference
A - Terminals for the connection to external cond. 28 27 to 29 <5%
B — C — D — connection between bars and circuit 37-41-44 37-43 <10%
breaker ( **) or switches (see figure above)

E — Connection between the horizontal and 44 43-46 <5%
vertical bars

F —Short circuit point 24 ~24 <5%
Door la4 1to6 <15%
Internal air Not measured <5
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Figure 8 — MVKkir - Temperature rise test - In lab - Test report ?????— - ACI2_KIRtest
Recent test and design review. Waiting for the testing lab test report to validate this case
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1920x1080 - scale100% | Ventilacao ? B R luti
Partitions 1 1 P2 1P3 O SIM © Nao est Resolution

Total resistance per phase measured after test 1100 pQ - Resistance CB 78 uQ - Resistance switch 71 uQ
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Figure 9 — LVemil - Temperature rise test - Test report ???? — 08/05/2024 - TestesQuartal600AFechado

o cognienconsr | EEASR TipoEquipamento Types || # N x H x B IN (A)
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O Lvswi O MVset
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TestDifferentC8
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VOLUMES 1,2,3,4 ST I Ol (o]0 /3 | Cobertura das barras
R1(nQ) ‘ 29/3‘ R2 0‘ R3 36‘ R = Resistencia / fase -CB1 /conexdes ONG O Pinta MySFO MF

, i t
Watts 1 | o00lwW2 | o0 W3 200,0 (ohmE€) e

Costs_Phases_lLanguage

1920x1080 - scale100% | Ventilacao ? Best Resoluti
Partitions 1 | 1pP2 | 1 P3 1 OsIM o N3o est Resolution

Total resistance per phase measured after test XXX pQ - Main CB 2500 A — Other CBs 5 x 300 A — Resistance and
power dissipation not measured TEST 1600 A (approved)

5 Elevacoes de temperatura sobre o ar extemo (K) Ph.B g::{:tt%r;cia v/ f%sae"(aghm x E-6) —

7 . . - s W~ Elevacdo de Temperatura Condutor (K) 89 107 196

~1 Simulation ‘ ¥ Elevacio de Temperatura Fluido (K) T ramT ereEmohmEs

o 78K = CB highe 72K = CB lower ~ W Termopar 1% 405 449

e E WATTS (others + magnetic) Contacts  Barras

;3 ‘ 1 0,00 445 403

70 0,0 58 40

( = 2 :

:5 < 5 SusR N — v 3 200,0 60 50

o ’ 4 0 0 0

54 — S—

5 Dissipagé ia total (Watt. 1256,85

81 ELEVACAO DE TEMPERATURA (K)

= A 38

58

= B 73

= C 79

= D 70

ig E 62

48

i F 66

§ . Fluido 50% H 23

“ = | ' i = i Porta [ @

o _ferminet———

sl | ol

:

32

3

28 s s

2711N1111112222 33333333334444444444555isﬂfus..‘shiP_,ﬁ.j..71lj777777 8888888888 9999€99999 9999999999 10 10 10

Measuring point Test temperature rise (K ) Simulation (K) Difference
A - Terminals for the connection to external cond. 38 ~42 <5%
B — C — D — connection between bars and circuit 78 80 <5%
breaker ( **) or switches (see figure above)
E — Connection between the horizontal and 54 70 <20%
vertical bars
F — Short circuit point 38 >60 <5%
Door la4d lto6 | -
Internal air (*) 26 to 32K <42K —
(*) Air near main CB 26K .......... Air near CB 300A ... 32K

Air near top col.1 =30K ...... Air near top col.2 ...29K
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Figure 10 — MVvset - Temperature rise test - Test report ???? Set36kV
Total resistance per phase measured after test XXX pQ
Recent test and design review. Waiting for the testing lab test report to validate this case

1800

520
f

2100

-

1150

| 545

b 750 ————— 1200———— 1200———— 1200— ;0

<=
Y = <=
=i \'
i Ii =
N
R1(pQ) 71 R2 161 R 3 60 R4 50
Watts 1 W2 00 W3 00 W4
Partitions 1 1 P2 1P3 1 P4 1

Elevacoes de temperatura sobre o ar extemo (K)

Tens&o nom. (V) TipoEquipamento Types # N x H x B IN (A)
36000 500 Owswa 0 MVset -1 = I ovo I
- 32 ) 400 VOH
Fluid  Air « [l O tvswa
1 -
Material do invélucro @I - 2§ o35 400 I ovoH I
& mm 265 O MVemil O GIs3ph
e Ovsw_1_2 1 |- 32 6,35 400 @vOH
lcc KA ef / duragdo S O Wpro O Lvemil - = B 6,35 o I OVOH I
16 1 O Mvcol O bucr2 -
i © 32 6,35 4DDI°VOHI
Fator de assimetria - crista @ e
O LWmei O WVicel - - 32 6,35 4Uu-l OVOH I
25 Gl O Wice O MVegyp I I
- 32 6,35 400/ OvOH
Selecione TIPO DE TESTE|  click 2x - I I
- 32 6,35 200/} @vOH
. P Set36kV
O ForgasEletrodin. Set36kV_bisl - 1. 32 6,35 400 I OVOH I
O Campo Elétrico Conductors # Materials
O Campo Magnético
O ElevagdoTemperatura
O Arco Interno / Interrupgio
¥ NOVO
Costs_Phases_Language M4 >y -
VOLUMES 1,2,3,4 (Ao {0 [0} 74 | Cobertura das barras
R = Resistencia / fase -CB1 /conexdes ONG O PintaC MySFO MF
(ohmE-6) in computer
Ventilacao ? .
eq o o MF Best Resolution
Ph.B Resistencia / fase (Ohm x E-6)

¥ — Elevacdo de Temperatura Condutor (K)
2 Elevacédo de Temperatura Fluido (K)
~ @ Termopar

Contatos Barras Total
367 976 1344
Resistencia  Reatancia ImpedanciaOhm E -6
1344 2171 2553
WATTS (others + magnetic) Contacts  Barras.
1 123 298
2 0,0 41 115
3 0,0 12 55
4 0 o 0

Dissipagéio potencia total (Watt 644,96
ELEVACAO DE TEMPERATURA (K)

2 A 34
2
p B 31
»
. C 31
18
. D 34
®
v E 34
“' F 30
»
12 i 2
" Fluido 50% H
o Porta o
.
:
;
13
5
.
;
;
)
[ o .

1T111111111 11111171111 111111711112 2 2 2 222322222223 4444444444555 5566666677788888899 9 9 99101011 1112 1213 12

Numeros dos Condutores lado a lado

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

A - Terminals for the connection to external cond.

B — C — D — connection between bars and circuit
breaker ( **) or switches (see figure above)

and

E Connection between the horizontal
vertical bars

F — Short circuit point

Door

Internal air (*)
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Figure 11 — LV_SW_1_2- Temperature rise test - Test report ???? LVSW1_3200A_MP

www.cognitor.combr  |[Tensdo nom. (v)

60

e O Lvswi
blud O wsw2
MVSW1
Material do invélucro o
SteellowC_1010 | | ©DUCT?
# mm 265 O mvemil
lcc KA ef / duragéo S Owpro
65 1 O Mveol
Fator de assimetria - crista O mvkir
O Wmei
> ” O LVice

TipoEquipamento Types

# N x H x B IN (A)

O Mvset

2 |- 127 9,52

O GIsiph

O GIs3ph
OLVSW_1 2
O LWemil

O pucr2

O Lvfok

O LVicel

O MVegyp

3200

OVOH

OVOH

Selecione TIPO DE TESTE

Click

2x

O ForgasEletrodin.

O Campo Elétrico

O Campo Magnético

O ElevagdoTemperatura

O Arco Interno / Interrupgo

1920x1080 - scale 100%

R1(u@) | 33 R2 | 0R3 \ 0
Watts 1 | o000 W2 | oo W3 | 7830
Partitions 1 | P2 | 1 P3 [ 1

Costs_Phases_Language

VOLUMES 1,2,3,4
R = Resistencia / fase -CB1 /conexdes
(ohmE-6)
Ventilacao ?
o siM

© Nao OMF

Q(m3/h)If nofan write 0

LVSW1_1x40x10
LVSW1_2_1600ACOLUNA3S

LVSW1_2x40x10

LVSW1_2x50x10

P LVSW1_3200A_MP
LVSW1_4x127x10
LVSW1_4x127x10_Vent
Treinamento_2x120x10
Treinamento_2x120x10_bis]

Treinamento_3x100

¥ NOVO
M=

Cobertura das barras
ONG O Pinta> MySFO MF

Screen Scake 100%

in computer

Best Resolution
1280x768

Ventl(cm2) 168 Vent2 168 Vent3 | 168
| See Project Types
Elevacoes de temperatura sobre o ar extemo (K) Ph.B Resistencia / fase (Ohm x E-6)

% Contatos  Barras Total
o L a9 130 170
8 i i danciaOhm E-6
& 170 258 308
a WATTS (others + magnetic) ~ Contacts  Barras
a0 1 0,00 1187 692
7
3 2 00
7 3 783,0
7

B 4 0

Dissipagéio potencia total (Wait 2942,23

Porta

A 33

B 68

C 36

D 78

E 56

F 31

Fluido 50% H 2
17

111112 22 2 2 2363 3 3 3444C4445 5 55 56 6 6 66 677777888

Numeros dos Condutores 1ado a lado

808 888888999999 9999 I 9999999999999 929999999 10 10 10

ELEVAGAO DE TEMPERATURA (K )

Compare with validated case of Figure 4 — LVSW1 — Temperature rise test - In laboratory -
Test report 67752  which is the circuit in the left side of the figure

Measuring point

Test temperature rise (K)

Simulation (K)

Difference

A - Terminals for the connection to external cond.

B — C — D — connection between bars and circuit
breaker ( **) or switches (see figure above)

E —
vertical bars

Connection between the horizontal

and

F — Short circuit point

Door

Internal air (*)
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Figure 12 — LVSW_1_2 — Short-time withstand current, and peak withstand current - Like
Test report 19901/9-C in Figure 3 (right side pf figure)

Input data see3DVol Results Calculator salvarTela  LVSW1_3200A_MP Screen Scake 100%  Dupl. Duragdo do ensaio‘ 60
O dFdM (N/m) X — — 7 — WATT - magnetic induction - enclosure WATTs - magnetic induction -spacers
x | L |
Forcas nos isoladores (N ) Ph.B Corrente de crista (kAcr) 1495
7@ Forcas Suportes X (N ) c Sim. (kA of ik —
1t .
12000 P @ Forcas Suportes Y (N) orrente Sim. (ki f) 65
10000 ¥ @ Forcas Suportes Z (N} Assimetria 23
8000 [*— Forcas Modulo ( N.)
5000 PS ® P ¥~ dFxdm (N/m)
o l® L] e e P dFyldm ( Nim )
2 l® e ¥~ dFz/dm (N/m)
Compare Diregdo da Forca com Posicdo
® e © L3
@ 8 E ° ) e g e 2 o o 8 e ° ° ® @ | ;isolador
2000 e e
o0 ® 9
o ° RESULTADOS
8000
® O + det.
10000 1 2
12000
®
[ ( ]
0 01 02 03 04 05 06 07 08 09 1 11 12 13 14 15 16 17 18 19 2 21 22 23 24 25 26 27 28 29 3 31 32 33 34 35 36 37 38 39 4 41 42 43 44 45
Numeros dos Condufores lado a lado Tal_H
Tensoes mecanicas nos condutores dividido por tensao limite (Tabela 4 - IEC 865-1 - 1.5 Tal02) - manter < 1 (N/mm2) 93 40 39
” ¥— Stress Module H W— Tensdo mecanica condutores V ( Nimm2 ) Tal_T 2 0‘
6 (N/mm2) 4
1 i Tal_H+T ‘
(N/mm2) %6 311 39

13
12
"

1
08
08

Limite Tal_H+T: 1EC865-1-Tabela 4-Q=15-

menor que 375 N/mm2(cobre)ou 180
N/mm2(aluminio)

Atencao: no grafico deve ser menor ou igual a 1

o Seca minima recozimento (mm2) 403
o5 kArms 650 Duracdo s) 0
04 —
03 Copper Calc
o
.
011111‘\1222222222223333333333445444I&SSSSS&SSS&SGGGGGGGGST77777738338383338BB9999999999999999999999999999999999999999999999999999101010
Parameter Resultin IEC Simulation results Difference

standard

Max. Mechanical Stress cH (N/mm2)

Max. Mechanical Stress 6T (N/mm2)

Total Max. Mechanical Stress oH + oT (N/mm2)

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)
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Figure 13 — LVfok- Temperature rise test - Test report 1771223-2
Recent test and design review. Testing lab test report under analysis.

Input data Results Calculator

volume 1

Salvar Tela

Test22032024_4000_1771223 2

Screen Scake 100% Dupl.

www.cognitor.com.br

Ventlaten grea

S

dist(m
l 667

o

R1(uQ)
Watts 1

w2

oo w2

Partitions 1

900 450" 450

Vent 1 (cm2) 279 Vent2

Duragdo do ensaio 13

x B IN (A)

" Tensdo nom. (V) TipoEquipamento Types # N x H
7 X 480 50 O Lvsw1 O Mvset
Fluid O Lvsw2
P, Material do invélucro e
) c2 O DUCTL O GiIs1ph
b o 168 O Mvemil O GIs3ph
e Olvsw_1 2
Ice KA ef / duragdio S O Wpro O vemil
80 1 O Mveol O DucT2
Fator de assimetria - crista — Rl ok
O Wmei O Wicel
22 2% O Wice O Mvegyp
Selecione TIPO DETESTE  click 2x
Test22032024_1600_1771223 2
WG P Test22032024_4000_177

 oRs
oo w3

(ohmE-6)
Ventilacao ?
oSsIM

1920x1080 - scale100%

O Nao

279

279, Vent 3

© Campo Elétrico
© Campo Magnético
O ElevagaoTemperatura

O Arco Interno / Interrupgdo

Costs_Phases_Language

VOLUMES 1,2,3,4

R = Resistencia / fase -CB1 /conex8es

Q(m3/h)Ifno fan write 0

2 M 160 10

4000

Test22032024_4000_1771223_2_bi

¥ NOVO
IR R Nl

Screen Scake 100% |EEEElEELLIES

in computer

ONi O PintaO MySFO MF

Best Resolution
1280x768

OMF

See Project Types

Input data see3DVol Results Calculator salvar Tela  1€5t22032024_4000_1771223_2 Screen Scake 100%  Dupl. Duragdo do ensaio 120
/‘\\s ) O ver limites de elevagdo de lemperalura nas nomas 8 Watts 8 See curve
Elevacoes de temperatura sobre o ar extema K Ph.B Resistencia / fase (Ohm x E-6)
: F— Elevaciio de Temperalura Condutor (K) comtjs] Bamsm Tu_f:!.
& F-_Elevacao de Temperatura Fluido (K) Resistencia  Reatancia Impedancia Ohm E -6
- F @ Termopar 289 146 324
& WATTS [others + magnetic) ~ Contacts Barras
Ll 1 0,00 3504 1310
§§ volume 7 4§ 4 2 00 0 °
68 3 507,0 0 0
- - X 4 768 0 0
5 — Dissipagdo p total (Watt 541151
o ELEVACAO DE TEMPERATURA (K)
5? entlaton area Pressurc area Y A 34
“ B 63
- c 64
i I I —— D 62
= E 50
. P F 44
A R N \
- Fluido 50% H 37
“i - Porta 1
. | Sy —
11112223B33 4 4 4 4 45555666 777 868 08 8 B0 68 8868088886 9 '_5 9 @ 9 5 9§ .9 9 9139 10 10 10 W0 10 10 10 J0 F10 10 10 10 17‘5 10 10
Measuring point Test temperature rise (K) Simulation (K) Difference
A - Terminals for the connection to external cond. XXX XXX
B — C — D — connection between bars and circuit XXX XXX
breaker ( **) or switches (see figure above)
E — Connection between the horizontal and XXX XXX
vertical bars
F — Short circuit point XXX XXX
Door XXX XXX
Internal air (*) XXX XXX
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Figure 14 — MVegyp- Temperature rise test - Test report not informed

A2-3(m2): typeinth Tens&o nom. (V) TipoEquipamento Types‘ # N x H x B IN (A)
right - bottom box / 24000 £0 O vsw1 O Mvset -1—1 3 l
A9.3 o - 40 630 H
- Fluid | Air -|| Owsw2 M| ovo
Material do invélucro Omvswi . - i 40 8 530 l OVOH I
IsteellowC 1010 - ODUCH LISty 1 |- 20 s 630/l ovor
O MVemil O GIS3ph =
\1-2 %
Uio - OLvsw_12 1k 4 8ljl__630/|g ovOH
arc volume 2 lec KA ef / duragdo S O Wpro O Wemil
25 1 O MVeol Opucr2
Fator de assimetria - crista OM O VIok
O Wmei O Licel
Intarmedi. 2,5 2% "
\:;:‘n: diary | O LVice ©O MVegyp
_ Selecione TIPO DETESTE, click 2x
é arc volume Dimensions E ﬁ ; _ » M24kV2023QT25kA
2 1 in 1ags | © ForsasEletrodin. Wb
mm | :
l O Campo Elétrico Conductors # Materials
¥
;f_/ X { O Campo Magnético ‘
Y T | O ElevagdoTemperatura
S ievolomes J Al O Arco Interno / Interrupgéo
] e ~ Novo
Volume B = channel +duct <VoTume C = external big volume = 10.000m3~ Costs_Phases_Language <> D=
VOLUMES 1,2,3,4 NSCTRE G0 o P73 | Cobertura das barras
R1(nQ) 50 R2 45 R 3 46 R = Resistencia / fase -CB1 /conexdes : ONi  OPintaO MySFOMF
(ohmE-6) in computer
Watts 1 0,000 W2 00 W3 0,0 =
1920x1080 - scale100% | Ventilacao ? B Resoluti
Partitions 1 1 P2 1P3 1 OsIM o N3o i est Resolution

1280x768

See Project Types

Elevacoes de temperatura sobre 0 ar extemo (K)

¢~ Elevacéo de Temperatura Condutor (K}
1 Elevac&o de Temperatura Fluido (K}
V@ Termopar

Resistencia / fase (Ohm xE-6)
ontatos Barras

Total
152 246 398
Resistencia  Reatancia Impedancia Ohm E -6
729
WATTS (others + magnetic) Contacts  Barras
1 0,00 64 138
2 0,0 1 17
3 0,0 116 138
a4 0 0 0

Dissipagéo potencia total (Watt.473,98
ELEVAGAO DE TEMPERATURA (K)

- A 13
: B 76
54

2 C 85
e D 97
44

2 E 93
.

% F 72
34

2 Fluido 50% H 1
;: Porta 4
24

p

2

18

M

u

"

5

:

:

4 -

11111 2 2 2 2 2 2 2 2 2 2 23 3 3 3 3444455555 55555B06E666E7 7 7 7 7F 8 8 8 8 8 8 8 8 8 8 899999
Numeros dos Condutores lado a lado
Measuring point Test temperature rise (K ) Simulation (K) Difference

A - Terminals for the connection to external cond.

B — C — D — connection between bars and circuit
breaker ( **) or switches (see figure above)

E
vertical bars

Connection between the horizontal

and

F — Short circuit point

Door

Internal air (*)
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Figure 15— MVSW1 — Internal Arc Test - Test report 08-050

-MVSW1_01_M_08-050

Input data Results Calculator

1900

Salvar Tela

www.cogniter.ca

MVSW1__01_M_08-050 Sc

nbr | Tensdo nom. (V)

13800

Fluid |Air

Material do invélucro

SteellowC_1010

# mm 2,65

Icc KA ef / duragéio S

31,5 1

Fator de assimetria - crista

25

A

Selecione TIPO DE TESTE

O ForgasEletrodin.

O Campo Elétrico

O Campo Magnético

O ElevacioTemperatura

1140

1700

© Arco Interno / Interrug

Costs_Phases_Language

VOLUMES 1,2,3,4

reen Scake 100% Dupl.

TipoEquipamento Types

O vsw1 O Mset
O vsw2
0 MVSW1
QO bucrt O GIS1ph
O MVemil Q) GIS3ph
OWSW_1 2
O Wpro © Wemil
O MVcol Qpuct2
O Mkir © Wik
O Wmei O Wicel
O Lvice O MVegyp
Click 2x

P MVSW1__01_M_08-050
MVSWI1_01_MET_16kA
MVSW1_SIN40kA_1000mm_3150¢
MVSW1_5IN40kA_800mm_2000A
MVSW1_02_caseC_Cigre
MVSW1_02_M_24
MVSW1_02_M_36
MVSW1_02_M_R65111
MVSW1_03_4x100x5FOAMSolidCop

¥ NOVO
4> -

Duragdo do ensaio

# N x H x B

e -

63,5

10

100

-

10

Conductors #

Initial pressure (kPa)

Cobertura das barras

Materials

[

R1(uQ) 30 R = Resistencia / fase -CB1 /conexdes 2013 [ 1003][ 1013 ONG O PintaC MySFO MF
(ohmE-6)

Watts 1 50,00 - Pressdo inicio abertura (kPa)

. 1920x1080 - scale100% | Ventilacao ? 127 @+ det. CArcVols vol B vol C area2_3
Partitions 1 1 OSIM © Nio OMF (m3) (m3) (m2)

2000 fi| 10000 1
L_200] Pass Area (m2) 1-2 -

Pressl (cm2) 2014 Min. Volume =1

Worst overpressure considering the 3 different arc volumes

Input data see3DVol Results Calculator Salvar Tela MVSW1__01_M_08-050 Screen Scake 100%  Dupl. Duragdio do ensaio 80
’ ) X — — —
RESULTADOS Cale.  Limit
Pico da sobrepressio (%) 55
kPa abs [168
Tempo fim sobrepressdo {ms) 27
Integral sobreP x tempa 14
Tempo 100% pico pressdo (ms) 8
Tempo 50% pico pressio (ms) 24
Area de alivio de sobrepressdo [m2).  [g30140
Atenglo és grades
A23 (m2) 1
V1 total x ocupagio =m3 liquido
0,569 10,900 0,512
RN T w ma s wme vz i we wm an o ar en x| K) fm3 1364,58
Performance indicators Obtained in test Obtained in simulation Difference
Maximum pressure (kPa) and overpressure above arc 160 kPa 168 kPa <10%
volume initial pressure AP (%) (58 %) (66%)
Overpressure duration ( ms) 46 47 <10%
Integral of the overpressure x time duration curve - 14
(bar*s*1000)
Duration to reach peak pressure (ms) ~15 8
Duration to return to 50% of the peak pressure (ms) ~25 (%) 24
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Figure 16 — MVSW1 - Internal Arc Test — CASE D Brochure Cigre - MVSW1_02_caseD_Cigre

Input data | see3DVol| Resuts |

 GEOMETRY

MVSW1_02_caseD_Cigre

www.cognitor.com.br

Switchgear Design _307

] # N.ox B x: H

| 60

625 320,

400

Conductor material

1 - 6 [Copper 5

7 |copper -

1-6F = &5 [ w

4000

SymSC current (kArmsx s ) Crest

[ms [ 7

Frequency (Hertz)

=

factor (first peak)

[

Vi
Volume x ocup (m 3) 0,275

Initial pressure (kPa) 120

PassArea(m2) 12 [go40

320

Burst press. (kPa)

“Compartment
" Cables (" Bars

o] 2

V2 V3

058 10000

[oia  fiors
23 0,195

Click >

Enclosure material

Test duration (ms)

[Steellowc_10 ¥
Plate (mm) 3,65 Fluid [air v

%

nput data | see3DVol Resuts |
Plus

i Jf1vsw1_02_caseD_Cigre

wiw.cognitor.com.br  SWitchgear Design 307

Phas
((‘A(-‘arg(‘;x]

Intemal pressure during intemal arc (kPa)

- |Arcspeed  (mis)

V1 total

pase

X ocupation %

peoo

- |ArcEnergy (k) ’270 Arc Gap
J/cm2 a300mm 600 mm

.

Time along test duration (ms)

RESULT. Calc. Limit
|pressure peak oo [2650 S
KPa abs [370
* |Overpressure duration [Tﬂ
- |integral detaP *dT (pct *ms) m -
- |Time 100% peak pressure (ms) [ 180
- | Time 50% after peak pressure (ms{T,o
- | Minimum plate no burnthrough (mm)(1.01
Burnthrough % of plate thickness | 280 '

- |Mx. deflection / deformation (mm) | 1,0

- |Arc current - pressurized (ka rms)[ 37,

| Arcing time (ms) | 90,
* [are vorage (v) [#s50

B1

RELEEF AREA 1-2 (m2).calculated from the (5,045
geometry. I there are grids use free area.
A23 (m2)

- |ARC FLASH FOR S.C. DURATION (ms)

0,195

= netm3

0275
90

(mm) P15
900 mm

B

Performance indicators

Obtained in test

Obtained in simulation

Difference

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

353 kPa (volume V1)
138 kPa (V2)

370kPa ( V1)
129 kPa (V2)

<15 % ( V1)
<10%( V2)

Overpressure duration ( ms)

~72

78

<5%

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

99

Duration to reach peak pressure (ms)

~13

18

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

~25

43

Arc voltage (V)

Avg F-T 350 / 250

460

(m/s)

Arc velocity
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Figure 17- M
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[-Phase
|lcAaEB CCcCa|

Internal pressure during internal arc (kPa)

1454---
1404 ---
135%---
1304 ---
125
120
15
10

RESULT.

Pressure peak

Calc.  Limit

o [ 0 Il
kPa abs [145
[0

o0 I

Time 100% peak pressure (ms) 13,0

Overpressure duration

Integral dettaP * dT (pct *ms)

Time 50% after peak pressure (msm
Minimum piate no burnthrough (mmj0.32
Burnthrough % of plate thickness | 12,0 W
lix. deflecton / deformation (mm) [ 6.

Arc current - pressurized (kA rms)[ 43 1

[ Checked it switchgear inductanc dered

Arcing time (ms)

Arc voltage (V) [2a90
19

RELIEF AREA 1-2 (m2):calculated fromthe [5.575
geometry. If there are grids use free area.

A23 () [1E5

= netm3

Arc Speed  (m/s)

V1 total x ocupation %
1,087 0,600 0,652
/ARG FLASH FOR S.C. DURATION (ms) 75

y (KJ) 147  Arc Gap (mm) [215
J/cm2 a300mm 600 mm 900 mm
13

20

25 30 35 40 45 50 55 60 65 70 75
Time along test duration (ms)

Performance indicators Obtained in Obtained in Difference

test simulation

Maximum pressure (kPa) and overpressure above arc volume initial pressure AP ( 138 kPa 145 kPa <10%

%) 2 arcs (*) 3 arcs (*)

Overpressure duration ( ms) 70 40

Integral of the overpressure x time duration curve (bar*s*1000) 9

Duration to reach peak pressure (ms) 20 13

Duration to return to 50% of the peak pressure (ms) 27

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
Cigreé Brochure in Annex E the number of "arcs was 2. With 3 arcs the calculated pressure is a little larger than with 2 arcs
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Figure 18 —- MVSW1 - Internal Arc Test — CASE G Brochure Cigre - MVSW1_02_caseG_Cigre SF6
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RESULT. Calc.  Limit
Pressure peak @) [2770 -
kPa abs [382

Overpressure duration

[570

% .
Time 100% peak pressure (ms) [ 17,0

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

Minimum plate no burnthrough (mm)’ﬁT
Burnthrough % of plate thickness | 30,0 [

lix. deflecton  deformation (mm) [ 1.0

Arc current - pressurized (kArms)[ 338

[Z Checked if switchgs

Integral detaP * T (pct *ms)

inductance cansi
| 1000

551,0
19

RELEF AREA 1-2 (m2).calculated from the [5545
geometry. If there are grids use free area.
A23 (m2) [0,195

V1 total

0,458

= netm3

0,275
100

x ocupation %
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Performance indicators

Obtained in
test

Obtained in
simulation

Difference

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

(%)

330 kPa (V1)
170 kPa (V2)

381kPa ( V1)
145 kPa (V2)

<15 % ( V1)
<15% ( V2)

Overpressure duration ( ms)

~90

57

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

82

Duration to reach peak pressure (ms)

~15

17

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

~40

36

Arc voltage (V)

Medio F-T 400

551

(m/s)

Arc velocity

51

Cognitor — Consultancy, R&D and Training Ltd
sergiofeitozacosta@gmail.com

E-mail:

% % %k %

Phone / Cell

Site: www.cognitor.com.br

:55-55-21

-98887 4600



mailto:sergiofeitozacosta@gmail.com

COGNITOR  Test Simulation Report 150 / 2024 Page 27 of 30

6. ABOUT THE TRAINING and INSTRUCTIONS FOR INSTALATION AND USE OF SwitchgearDesign
Read the document “LV / MV Switchgear (IEC 61439, IEC 62271, IEEE ) - Training for Design to be approved in the
tests with focus on lower-cost products . Using software SwitchgearDesign to understand engineering concepts
(Internal arc, temperature rise, short circuit strength, seismic & dielectric tests). https://www.cognitor.com.br/trainingENG.pdf

6. FINAL COMMENTS

The testing laboratories of the future will be small installations with people trained in doing real physical tests and
people skilled in testing simulations. | explain in the article “ High-Power (Small) Testing Laboratory + R&D
Switchgear Development.... “ In the link https://www.cognitor.com.br/hplENG.pdf

In the article (sorry in Portuguese - English version to be available soon) “The lack of testing laboratories is making
the Brazilian electrical (substations) equipment industry go back 35 years” | explain a good opportunity for
international testing labs. _https://www.cognitor.com.br/hplPOR.pdf

Unfortunately, there is no IEC or IEEE technical document defining the use of testing simulations to replace tests. |
wrote in 2010 the draft text of the standard “Guidelines for The Use of Simulations and Calculations to Replace Some
Tests Specified In International Standards “. Link below. This document is referred in the Cigré Brochure 602.

If I would compare my 25 years doing laboratory tests with the 20 years involved with testing simulations, | would
say that | learned much more with the simulations than with the real tests. The reason is that simulations are fast
and cheap to do. For test you can wait 2 days of mounting to pass a short-circuit current along 1s. Simple like this.

When you do test simulations before going to do the lab real tests the probability of approval is higher than 95%.
Never 100% because some things cannot be simulated or validated because the necessary tests to compare would
be very expensive. This is the case of the flow of hot gasses that go out of switchgear during AlS internal arc tests.

Additionally, human error may happen during testing on the part of the manufacturer or the testing laboratory. Labs
rarely admit their own mistakes; The lab teams of today, all over the World, are smaller, more pressed, with small
time to be trained and not well prepared as some decades ago.

| realize how mistaken | was in the past, being the manager of the 14 testing laboratories, to say that all
substation's equipment needed to be tested. This is the perspective of whom has not noticed the changes in the
World and have halted in time. Due to this thinking some testing laboratories have closed, and some are going
straight on the same direction.

Repeating a criticism | often make in my articles, the standardization institutions (IEC, IEEE) and the knowledge
institutions supporting them like Cigre, have a nice environmental speech but are slow to change their paradigms.

An example is that using fewer materials and resources from the Earth should be a priority for the electric
industry. However, there is no technical standard that says that making products with fewer materials and more
efficient is better than just make heavier equipment to pass in, more severe than necessary tests.

For example, most AIS electrical panels sold worldwide by large international manufacturers could use some 30%
less copper and aluminum. If a single researcher like me know how to do this, their very competent R&D teams
knows much better. | witnessed this in many Cigré and IEC WG meetings. The barrier is that making design changes
to achieve lower cost equipment means leaving the comfort zone of selling already tested items. It is time to IEC
and IEE technical standards explicitly allow replacing tests with simulations, as IEC 62271-307 does.

By the way, CIGRE will meet in Paris next August. In Paris, in this moment of Olympic Games, the minds will be more
open influenced by good environmental and energy efficiency examples. Cigré should discuss matters like this,
especially with experts from G7 countries that have a poor history of caring for economies or saving materials. A
suggested reading is in my free book "Renewable Energy + Environmental Education to Try to Save The Planet"
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