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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 an
knowing how to use it for daily design activities. SwitchgearDesagdeveloped for easy usdt is based a my 25

years ofexperience in higipower testing, in writing IEC standards and important Cigré documéatsohave 23+

years ofexperience 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
better. However, the most important part of the consultancy work is the traiumggue in the World. There you will
learn or review the concepts behind each of the high power / high voltage testderstanding these concepts
means to be well above the average designers knowledgarningthis your mind will be more open for challenging
tasks like developing innovations and new solutions. So, please start reading this training program. You may choc
the points that along thee training, will be givenore emphasis and points that are not of your immediate interest.
The training progranis in section 4 of this documertttps://www.cognitor.com.br/trainingENG. pdf

Tra ining program: SWitCthEI I' and other substations equipment

DEFINITIONS for design, testing & technical standards

* TEMPERATURE RISE — Design & Tests. IEC61439 + IEC 62271 + IEC60943 + IECE0890
* ELECTRODYMNAMIC FORCES of short circuit: IEC 61117, IEC TR 60865. )
INTERNAL ARC TESTS - IEC 62271-200 fIEC 62271-307 (MV), IEC TR 61641 (L\)

USE OF SWITCHGEARDESIGN SOFTWARE

* Studies to define currents and voltages ( normal/ abnormal conditions)

* 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)

- . — -

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

| was lucky to work at CEPEL, the only large test laboratory complex in South AmericggarsZBsom 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, testiligtations equipmenrdnd technical standards.

When | left CEPEL, | thought that helping manufacturers of panels, busbars and other substation components wi
product development and testingvould be an easy task. | soon realized ttesting knowledge was not enough to
provide highlevel support. Higipower testing can cost more than USD10,000.00 per day, if you d@ihot

| realized that | needed a tool that couidnslatedesign variables as inpirt reliable esults of the more expensive
tests. Initially, | used CFD tools. However, they were difficult to learn and use. For two years, | had in hands one
the best software programs in the world at that time, CFDesligtid not find support to answer mytechnical
questions Thelicense costvas and still is highAt that time, theCFDdevelopers were very good at equations and
numerical methods buknew little about solving substation equipment design problems.

So,l decided to stop representing the CFD software manufacturer and started creating my SwitchgearDesign, whic
is easy to usand enableo adjust designso be approved in the laboratory testshad already prepared the shert
circuit electrodynamic stresses sectisince the time of the Cepel 3d0Arms laboratory project. learned a lot as an
assistanbf my friendDr George Zabludowski, the mentor of the high2 4 SNJ / 9t 9[ Qa f I 6 & @
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Just starting to developwitchgearDesign,was called to calculate internal arcing and temperature rise in medium
voltage and higkcurrent 50 kAbusducts, for Brazilian oil platforms such as P54 and R&l thena real challenge
and motivationto completethe software | have beenimprovingand validating ifor the past 20 year 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 showshéhatroductwill not pass the test, |
redefine the project data so that it passes the tests. It costs less tham @dayand avoids the disappointment of not
passing and having to repeat the testhalve beertrainingmany people in doing thjsll over the world

Figures Jand 2show a typicati A Yy LJdziscreen,(iiKIS¢ & NSeenttor fethgerature rise, internal arc and shert
circuit forces testsFigure 3 showtypical models for medium and low voltage panels and bushirs.YouTube link
for a 4minutesvideoshowing the basic operations of the software is below.

Figue 1- Typical data entry screen for one of the models
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Figue 2 ¢ Results Screen
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VIDEOYOUTUBBHOWING THEOETWARE SCREENS

Shortvideo (4 minutes)https://youtu.be/ydYUUBzhUA

Complete vided50 mn): https://www.youtube.com/watch?v=3expB4wHiCM

3. CONTENTS OF THIS REPORT

This reportis an updag of the previous reports TR {2014) and TR4 (2015) whose links are in the References and
inmya T NBES R2 gy Theéré ydmaly fBdmpletetechnicalarticles written to be useful to designers and
developers of equipment for substations, especially electric panels and busbar systesgsthis material in the
trainings | apply for equipment manufacturers, certificators and testing laboratories pedplemay readietails
Fo2dzi GKS ASNIBAOS 2F a5 Saindhg linkid tha énd of this artidle. Atyhalydes alko &
installation instructions andore.

Within the materialrelated to test and simulationisted inthe REFERENC&&®tion, you may findinksto the free
booksd fiitchgeaE o0 dza gl €& 9 Aaz2fl G2NBR | yRa#agzoa RGN AY &F 2N i K
industry, authored by meThey are the base for the training.

This report is intended to help users of the SwitchgearDesign softwareinderstand that simulation results are
very near the results obtained in real tests. It helps also terify that they are usingthe tool correctly, by
comparingtest simulationsagainst real laboratoryests. The softwaretool was developedo allow developersad
simulate expensive laboratory tests such as temperature rise tests,-8hwtcurrent tests (electrodynamic forces)
and internal arc testsThe test reports used for validatismay be read in the previoualidationreports 71 and 74

The software is focused in solving problems of the daily lifewas developedased on a largexperience in the
design operation, and managemenbf large testinglaboratories coordinating IEC standards and participating in
CIGRE working groups (CV in first pafjle¢se documentare of special interest of this report:

w Cigré Brochure 602 (2014) Tools for the SimulatioiX die Internal Arc in T&D Switchgear,

w Cigré Brochure 740 (2018) Contemporary design ofdost substations in developing countries

w Cigré Brochure 830 (2021) Simulations for Temperature Rise Calculation.

1 IEC technical standard IEC62230F (2015) and IEC 602221990)

There is no IEC standard focused in providing guidelines for the use of testing simulations. So, | prepared tt
O0Guidelines for the use of simulations and calculationsrplace some tests specified in international standards
which isreferred inCIGRE Brochure 602.

Usingsimulationsof highpower electrical testings a realistic solutionincreasinglywell accepted.To eplacetests
by calculations osimulationsis notanewidea.lt is appliedfor decadesn technical standardsuch adEC6227807
(Extension of the Validity of Test Report§C60076- Power Transformergshort tests), IEC61439(low voltage
switchgeaj andthe previousEG560439

Each time more equipment buyers acceptreplace some tests by testing simulatiodssuggested reading the
articled 9 - t [ ! L bL bB07¢EBXTENSIONM @RVTHE VALIDITY OF TYPE TESTS TO AVOID TESTS REPE
There you can understandhe relevant design variablesonsidered in SwitchgearDesitgsting simulations| am
coauthor of this IEC document and of the Cigré brochures mentioned above.

4. ABOUT TESTS AND TESTING SIMULATIONS.

Laboratory type testing, as specified in product standards, is the osestway 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 themThe costs of tests are a real barrier to snséle manufacturers to develop innovations.

Cognitor¢ Consultancy, R&D and Training Lt#***  Phone/ Cell : 55 55-21-98887 4600
Email: sergiofeitozacosta@gmail.com  Site: www.cognitor.com.br



mailto:sergiofeitozacosta@gmail.com
https://youtu.be/ydYUU-BzhUA
https://www.youtube.com/watch?v=3expB4wHiCM

COGNITOR  Test Simulation Rets0t 2024 Pageb of 30

Testing simulation techniquesanpredict results of several type testsrequentlythey enable to obtairmuchmore

complete information than th@nesobtained in a real laboratory testingimulationsare used in situations like:

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

(b) To avoidduplication of testingon product certificationprocesseswhen smalichanges are done tan already
certified product

(c) To replace SF6 by air in internal arc tg§tscus of the CIGRE brochure 602)

(d) To support IEC 6227307 analysis for the extension of the validity of test reports.

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

Temperature rise teststhe simulation to replace a test is relatively simple to valida¥#ou needonly to compare
the resultsof simulationswith measurement®f temperature riseshownin th e reports oflaboratory tests

Internal arcs tests what can bechecked 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 resul
IECs standard62271200 specifies this measurement as optional.

Short time withstand current, and peak withstand current teststhe objective is to verify the supportability to the
effects of electro dynamical forces on insulators and conductors occurring during a short circuit without arc. Tc
calculate the forces and stresses is not a so complex task but to measure them is very difficult and onerou
Neverthelessthe calculation methods are used for many decades and well accepted in the technicalneartting
IEC61117 Method for Assessing thehort-circuit withstand strength of partially type-tested assembliegPTTA).
There is ndknown way todo validationof simulationselectrodynamic forcesgainstlaboratory test reports By the

same reasorthe IEG61439andIEC62271307 documentsalsoreference IEC 61117.

¢ DdzA RSt Ay Sa mrhédatdovedetails @ikt gteps and conditions for validating testing simulatitins.

is considered that a model or method is acceptable when it produces validated simulation results within acceptabl
tolerances if compared with the real test results and this can be demonstrated in a transparent way to th& beers.
reproducibility of the calculation method is the key point.

3.1¢ Temperature rise tesfconcept)
Theequipment is installedn a place freeof air drafts. The rated current is applied foa time sufficient tohave the
temperature stabilizatiorof the measured pointsThe measuredtemperature riseshould not gobeyond certain
limits specifiedn the technicaktandard.The resultsare influenced byhe current flowing the type of materialsthe
contact resistancesthe temperatureof the fluid, the geometryof the conductors net internal volume of the
enclosure andhe existence opartitions andventilation openingsThecontact resistanceand ventilation areasare
key factors irthe results.For the test to baeproducibleit is necessaryo measurenot onlythe total resistanceper
phasebut alsothe higher resistance like a switatircuit breakerkey orfuseas seen fronits 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 ® madefor checking the effecbf the forcesand high temperaturesapplied tothe isolatorsand
conductors during ahort circuit It is possible t@alculatethe mechanicaforces actingon insulatorgcompression,
tension and bendingand the mechanical stressesn the bus barconductorsusing the expressiongresented in
previous reports 71 and 74 (References).

The forcesmust remain below the limits specified bythe manufacturer of theinsulator otherwise, it can be
destroyed.The mechanical stressei® the conductoramust remainbelow certainlimits dictated by the materials
otherwisethe barswill suffera permanent andisible deflection

The results araffected by theshort circuit currentthe materials and the geometry of theconductors distances
between phasesndthe typesof insulators
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3.3 ¢ Internal arc tests anaverpressuregconcept)
The ideds to create ararcalong acertain time durationThe consequenced the overpressuresre observedThe
requirementsfor passingn the test like arethe evidencethat the doorswill not open that hot gasesxpelledout
through thepressure reliepartiesshould notburn cotton indicatorsplaced neathe accessible partthat simulate
the skinof a person irthe vicinity.Holeson the outer wallscausedby the arc are not allowed Issues to consider
and assessment methodsein IEG52271200(medium voltage Ref.12) orlECTR61641(low voltage- Ref 21).

Forair, insulated switchgeathe main cause dfailuresduring tests ighe burningof the harizontalcotton indicators
due toreflectionsof the hot gasedn the ceiling.Because thdlow of hot gassesannotbe simulated wellall the
assessments are made based on the overpressure cualass

The main factorghat influencethe results arethe voltage, current netinternal volume, relief areand time of
operation of thepressure reliefdevices Ventilation openingsgoodin temperature risetests are an examplef a
potentialway forthe exitof the hot gasesburningcotton indicators

3.4 ¢ Validation of a simulation methodhgainst laboratorytestsand tolerances
Validation is anethod of comparison between the results showed iwell-documentedtest report issued at a test
laboratory and the results of a simulation methdthemethod 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 tolerancéke these examples.

Table 1 ¢ Tolerancedbetweentest 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 Electrodynamidorces and mechanical stresse| 5% to 15%
peak withstand current tests

5. VALIDATION OF SIMULATION RESULTS FORS#iiVigearDesigMODELS

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

In the nextpages 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
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 th
simulation results.
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Figure 1¢ Ductl¢ Shorttime withstand current, and peak withstand current
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Figure 2; Ductlg Shorttime withstand current, and peak withstand currerg
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Numeros dos Condutores Iado a lado Tal H
Tensoes mecanicas nos condutores dividido por tensao limite (Tabela 4 - IEC 865-1 - 1,5 Tal02) - manter < 1 (N/mm2) 25
023 — . \
P/~ Biress Module A \¥— Tenséo gec§nica condutorfs ¥ ( N/mm2 ) Tal_T
02 (N/mm2) 16
021 Tal_H+T
02 (N/mm2) 42
019 -
Limite Tal_H+T: |EC 865-1- Tabela 4 - Q=15 -
o8 menor que 375 N/mm2(cobre)ou 180
o7 N/mm2(aluminio)
o.16 Atencao: no grafico deve ser menor ouiguala 1
015
o Secad minima recozimento (mm2) 177
o3 kA rms 16,0  Duragdo(s) 10
012 Aluminum
Calc
011
01
TTITT1111112222222222333333333333333333333333333333334444444444555555555555555553555555556355555556666066666677777777777
Numeros dos Condutores lado a lado

Parameter

Result in IEC standard

Simulation| Difference

results

Max. Mechanical Stress |

(N/mm?2)

24,7

25,0 12 %

Max.Mechanical Stress™ ¢ (N/mmz2)

16,1

17,0 0,6 %

Total Max. Mechanical Stress |

b (N/mm2)

40,8

42,0 0,5 %

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

Not calculated

11

Max Force in thénsulator in phase BB (central) in)
flexure (N)

1606

1611 0,3 %
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Figure 3 LVSWZ; Shorttime withstand current,and peak withstand current

Example 2 pages 127 -

Test report 19901/9C

# SwitchgearDesignSWD

Input data Results Calculator Salvar Tela

LVSW2_ 01_M_R19901

Screen Scake 100%

a X

Durag@o do ensaio 60

__________ o 800 ona wwiw.cognitor.com.br | Jensio nom. (V) TipoEquipamento Types # N x H x B
Z < e &0 - O vswi O Mvset
N Press 1.6 S 1 76,2 6,35
4 | < - Fluid  Air - OlvswW2 o
i 1 2 2 %
T | — ] I
iy X SteelLowC_1010 Ooucr Oistph
x H © MVemil O GIS3ph
Press : & 2,65
~ S Ovsw_12
. 2 Y lcc KA ef / duragdo S O Wpro O Wemil
450 ' 7 14 65 1 O Mveol O puct2
| i€ > S MVKi O Lvfok
+ H Fator de assimetria - crista M 28
1 = |l O tVmei O Lvice1
| as ;
| dstimm) 780_| / 22 hal | Owice O Mvegyp
i / e Selecione TIPO DE TESTE| crick 2x
2350 2215 / - N = [T~
T R . P LVSW2_ 01_M_R19901
H 27 O ForgasEletrodin. LVSW2_01M_TO
- fs LVSW2__06_paper_OtmForces
O Campo Elétrico LVSW2_00_Cart16 Conductors # Materials
LVSW2_00_Emil2x60x10 Copper
O Campo Magnético LVSW2_00_Lorenzo
Lvsw2_05_valicorcesiEcicond
i LVSW2_Is|_ET
O ElevagioTemperatura
& <+
| 2 Arco Interno / Interrupgdo
A—
400
¥ NOVO
Costs_Phases_Language W< ril=
T R O[3l | Cobertura das barras
: ONG O Pinta”) MySF_ MF
in computer
Input data see3DVol Results Calculator savarTela LVSW2_ 01 M_R19901 Screen Scake 100% Duragdo do ensaio 60
JdFdM (N/m) X — — 7 — WATT - magnetic induction - enclosure WATTs - magnetic induction -spacers
2K
[
Forcas nos isoladores (N) Ph.B Corrente de crista (kAcr) 143
¥ @ Forcas Suportes X (N e
:sz porles ¥ (N) Corrente Sim. (kA ef) 65
J— s Suportes Z (N ) Assimetria 22
00 N)
20000 |
18000
10000
sce0 Compare Direg3o da Forca com Posigio
ole L ] * L ] L L L] L] L] [ L d L] L ® | 4o isolador
5000 - .
10000
5000 L4 - - ]
?z hd ® RESULTADOS
oo Dedet. 3.5 7
35000
-40.000 [
0
Tal_H
Tensoes (N/mm2) 334 :
N tress Mgdyle H F— Tensdo mecénica condutores W { N/mm2 ) Tal T
(N/mm2) 0
'
? Tal_H+T
" (N/mm2) 54 e
!
Limite Tal_H+T: |EC865-1- Tabela 4 - Q=15 -
menor que 375 N/fmm2{cobrejou 180
oe N/mm2{aluminic}
07 Atencao: no grafico deve ser menor ou igual a 1
o egad minima recozimento (mm2) 403 |
05
& kA rms 65,0 Duragdo (s) 10 1
93 Copper I
. Calc
a1
TT79953 3341441408 SR CiaaiFSa EsaSasEiaaCE LS i C S EaRERteate T777TITITITIITIITIITTIFIFTITFTTTITITTT7TA7 797977777777 77 777777

standard

Max. Mechanical Stress I(N/mm?2)

Visual inspection

550 (*)

Max. Mechanical Stress ¢(N/mm2)

Visual inspection

Notapplicable

Total Max. Mechanical Stressl ~ b(N/mm2§

Visual inspection

550 (*)

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

Visual inspection

14180 (*)

Max Force in the insulator in phase @Bntral) in)
flexure (N)

Visual inspection

Not applicable

(*) Valuesof interest arein conductorsl-6 - less resistantPerceive that thdimit usually used is
375N/ mm 2=1.5x 250N / mm2, butin this casepassed the test and the value was0 N/ mm2=2.2x 250N / mm2
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Figure 4c LVSW1; Temperature rise test In laboratory - Test report 67752

Input data Results Calculator salvarTela  LVSW1_00_M_R67752 Screen Scake 100% Duragdo do ensaio 100
www.cognitor.combr | Tens@omomi (V) TipoEquipamento Types % N x Hhx B ING
690 60
5 o swi1 Mysat , — = g
U 4 2 |- i 952 3 i ﬂl
Fluid  Air < Owswz @_ d | 127 2 3200 ov N
Z i
7. | material do invélucro M B: 1 o o5 s20fjovorfi
110 400 oucTL O Gis1ph
. Aluminum
oy = MVemil Gis3ph
) LVSW_1_2
Icc KA ef / duragiio S Wero ) Wamil
65 1 O Mveol bucr2
Fator de assimetria - crista i Lok
Wmel LVice1
22 WVice MvVegyp

] Selecione TIPO DE TESTE  click 2x
cB |-

FargasEletrodin.

Campo Elétrico

Conductors # Materials

Campo Magnético

© ElevacdoTemperatura

% i 206,¢ Arco Interno / Interrupgio

i o ¥ NOVO
Costs_Phases_Language < pIi=

VOLUMES 1,2,3,4 RIS O[3l | Cobertura das barras Save
R1(pQ) 25 R = Resistencia / fase -CB1 /conexdes ONi O Pintar ) MySF ) MF
(ohmE-6) in computer _

Watts 1 783,00
1920x1080 - scale100% | Ventilacao ? luti
Partitions 1 1 o sIM - Nao MF Best Resolution
Q(m3/h)Ifno fan write 0 180,0 1280x768

Vent 1 (cm2) 168
See Project Types

Bare bus bar- With ventilation openingg 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

Ay Lddzii MCy OYH I RRAGAZ2Y I f GKSNYIf f2FR Tyo 2 6 { gircuit BreakeRrBsStRnceliag seendza
fromtheterminalscH p ®x K LISNJ LKI a8 déT1cy 20
Input data see3DVol Results Calculator salvarTela  LVSW1_00_M_R67752 Screen Scake 100% Duragéo do ensaio 100
'_\_ X — — — [ Ver limites de elevagio de temperalura nas nomas 8 Watts ® See curve
e =i e I ey
de Tﬂn;ﬂ:i‘l‘r: ;'I’H'Iil ‘“}:‘lk Resisler\:‘ia Meatanu; Impedancia Ohm E -6
WAWs1utnem4magn.;;‘cJ (unta(lsl Barras
5 rascolMilior . ecs
2 0.0 o 444
N‘ 3 o) 5 n
4 ]
[ roee. | Dissipagéio potencia total {Watt 303874
e_{““a . ELEVACAO DE TEMPERATURA (K)
A 50
B 38
, <6| C 85
D 82
<= E 81
© F 72
Fluido 50% H 41
<:E Porta 28
Measuring point Test temperature rise Simulation Difference
(K) (K)
A - Terminals for the connection to 53 53 <5%
external conductors
B¢ Cc¢ D¢ connection between bars and 78to 89 <=88 <5%
circuitbreaker ( **)
Ec 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 wameasured in the tesis 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 8®KCritical point intesting
(***) possiblythe thermocouple was not properly secured. See temperature poiddne bar
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Figure 5 ¢ MVSWI1¢ Temperature rise test in laboratory

- Test report 65111 |

Inputdata Results Calculator Salvar Tela

MVSW1 02 M_R65111

Bare bus bar

Screen Scake 100%

Duragdo do ensaio 6

1900 www.cognitor.combr | fensio nom. (V) TipoEqguipamento Types # N x H x B IN (A)
) V3 0 —_ 9. 13800 &IET e -2 - _I—I
.......... 5 -l e3s 1250 |} o vOH
‘l a7y 225 i X Fluid  air O Lvsw2 5 5
e i o =1 = - I
== L ) o = | G o o] ] w=offovor]
Ir Steellowc_1010 [ &PUET? Ogtsiph
;.—:50— 45 N N\ - o © Mvemil Gls3ph
150M_ 45 L0 s . art rea, V2 e el 1 100 Owsw_12
"""" Icc KA ef / duragBio 5 O Wpro O tvermil
| 1 — T 315 1 © Mol O puctz
T 450 i
0 I I
I I Fator de assimetria - crista Ve Lok
) 360 O WVmei O Lvicel
2 - o | o—q 25 B O Wice O Megyp
! —— ] Selecione TIPO DE TESTE,  click 2x
. MVSW1__D1_M_D&-050
- ; t OForgasEewrodin VS5 MET_36k
— Bl AY MVSW1__SIN&OKA_1000mm_3150¢
0 i 1 O Campo Elétrico MVSW1_5IN40kA_BODMM_20004 Conductors # Materials
. MVSW1_02_casaC_Cigre Copper
a O Campo Magnético MIVSWI,_02_M_24
'F ' + P MVSW1_02_M_R65111
T 115 B 1140 15 | © ElevagdoTemperatura | w03 sxooxsroamsascon
1700 O Arco Interno / Interrupclo
~ NOVO
Costs_Phases_Language a4 r =
VOLUMES 1,2,3,4 e oAl | Cobertura das barras Save
R1(u0) 54 R = Resistencia / fase -CB1 fconexBes ON O PintaO MySFOMF
ohmE-6 in computer _
Watts 1 50,00 ‘ e !
1920x1080 - scale100% | Ventilacao ? Best Resolution
Partitions 1 1 O 5IM o Nao O ME Sl

Without ventilation openin@ircuit breakeresistance from terminalgp n

KK LISNJ LIK

Input data see3DVol Results Calculator

salvarTela MVSW1_02 M_R65111 Screen Scake 100% Duragdo do ensaio 65
* — z i - L]

ye — — Ver amites ge elevagio de temperatura nas nomas Watts B See curve
‘ Elwvacoes ce beparadors 3obre ¢ s 1) Ph.B [ C fesstencia /e (OhmxES)
N levacio de Temperatura Condutor (K] 4 15¢
= acio de Temperatura FlLido (K) Resistencia  Reatancla ImpedanciaOhm E -6
N \ : i o
@ 'WATTS {others + magnetic) ~ Contacts  Barras
- 107 156
Ll 2 07 266 53
@ 3 03 93
©
. 5 4 a
- Dissipagéio potencia total (Watt 833,66
“ ELEVACAO DE TEMPERATURA (K)
e A 36
B B 50
a
« c 73
“ D 56
a E 46
w
) F 36
M
* Fluido 50% H =
* Porta 10
»
"
»
M
u
w
] =

1 T T 7 i1 iiiiid T iaaaT i iiiiaer 115555800 TR e s e T 7
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 breakef*)( 56 al72 51al 3 <5%
Ec 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 indicateal pictures- and the value can change greatly with position.

(**) Critical point in testing

(*** ) inthe simulation, the bottom has 13K and ceiling is 26 K. For the average height is about 20K.
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| Figure 6 DUCT 1 Temperature rise test In lab- Test report 67131 Duct_03_3x150x10_R67131]

e g s

Input data Results Calculator SaivarTels  Duct 03 3x150x10 R67131 Screen Scake 100% Duragdo do ensaio 3
it Dist. supportsi=La / {5+2 * N) 2 www.cogniter.combr | Tenshio nom. (V) TipoEquipamento Types|| # N x H x B IN (A)
- 480 60
= * 6895 Lvswi1 Mvsat 3 —
- - m 10 )
J £ | vent O press.| horizontal Y | || Owswz ogoves
111 g f Bl 4 i i Material do invélucro Vs
L Aluminum 0 DUCT1 Gistph
ia 2 Mvemil D GIS3ph
# mm 3
DLvSW_1_2
Icc KA ef / duragio S Wpeo Wemil
50 1 ) Mvicol 2 pucT2
— — 2 Mvkir O Wik
LVmei LVicel
25 O WVice ) Mvegyp

Selecione TIPO DETESTE  click 2x

Duct_00_FOC_forces
ForgasEletrodin.

N=[s [ I L X Campo Elétrico

dist. supports (mm) 460 250 250 P Duct_0:
——— Duet

1, validF_|ECB65_2Pagll
+_02_valdF_IECaSS_2Pg19 Conductors # Materials

e €1_04_ISI_ANM1S0K10K1657A30
Ouct,
Y Buc
- u conductor 350 O ElevagdoTemperatura
01 joint l *) Arco Interno / Interrupgio
Dimensions mm 10 X

* NOVO
Costs_Phases_Language |, , )

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

Watts 1 0,00
1920x1080 - scale100%  Vientilacao ? RestiREsalut]
Partitions 1 1 O sIM o Nio ME est Resolution
Bare bus bar Without ventilation openings Connection / joint resistancer ¥ K \
Input data see3DVol Results Calculator SalvarTela  Duct_03 3x150x10 R67131 Screen Scake 100% Duragdo do ensaio 30
'\j X — Ver s de elevngBo de lenperalina nes nomes B Watts @ See cunve
Elevacoes ds temperatura sobre o ar extemo (K] @h. B slbancay f%‘;,g"m ZE
:ﬁ F— Elevacto de Temperatura Condutor (K) 2 29 51
" de Temperatura Fluido (K) Resistencla  Reatancia ImpedanciaOhm E -6
o v X P @ Termopar 51 504 506
:z Dist. supportsi= L J5 +2 * N) L WATTS (others + magnetic)  Contacts  Barras
= ] e — T . r 1 0,00 0 0
:; B ]I n - Press. 2 9.3 1056 1413
" s i
a0 a st 3 03 o o
. - a 0
6 H’I ‘ - Dissipagdo potencia total (Watt 247880
3 ELEVAGAO DE TEMPERATURA (K )
a A 61
B 22
» C 82
®
s D 90
@
w E 82
ﬁ
® F 70
o
@ dist. supports (mm) Fluido 50% H i
s Porta 19
-
7 g~ conductor
.: =0 joint
: Dimensions mm
.
B i e A R R i 555 8585 555
Measuring point Testtemperature rise ( K) | Simulation( K ) Difference
A - Terminals for connectioto externalcond. 72,4 74 <5%

B¢ Conductor # 2 Not measured 88 -
Cc¢ Conductor #3 83,9 82 <5%
D¢ Conductor #4 (** connection) 84,5 90 <7%
Ec Conductor # 6 Not measured 88 -
F¢ #7 ¢ Short circuit point 66,6 66 <5%
Side of the enclosure 30 (» 1930 *
Internal air (50% H) Not measured 48 -

(*) The position where it was measured in the test is not indicateal pictures- and the value can change greatly with position.
(From 9 to 51/2 = 25 K) (*) Critical point in testing
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Figure7 ¢ MVemil - Temperature rise test Test report82998¢ 27/07/2021- Emil31x6_400Avalid

7 ‘E - nj&fﬂ%ﬁf‘ Tensdo nom. (V) TipoEquipamento Types # N x H x B IN (A)
J— - ’ 17500 60
4 ot— 2301 = I p— I — I e ] i O Lvswi O MVset -1 I I
M — L) —| ; - 32 6,35 ovoH
R S— - b T Fluid  air «[| Owswz
- J; . . O MvsSW1 - 1 - 32 6,35 400! I OVvOH I
T LT R Material do invélucro Ooven Cesion
r & mm 265 0 MVemil O GIS3ph
_|| PSS 400 — Owsw_12 - N 32| 635 400 I OVvOH I
0o — lcc KA ef / duragdo s O Wpro O Wemil -1 . = 635 I OVOHI
ﬁ Y “F 16 1 O Mveol Obuct2 -
= ) 1. 32 635| 400 I ovOoH I
@ B @ ‘ Fator de assimetria - crista S @
4 N e by O Vmei O Wicel - 1 |- 32 6,35 400] OVOH I
2
n R 2 R . * ‘ | 2] O Wice O MVegyp - e = ot o0 I ovoH I
= HQ uo | | selecione TIPODE TESTE  ciick 2x -1 T T = I OVOHI
i ‘ ) P Emil31x6_400Avalid
14‘00 ® FargEsE S Emil31x6_400Avalid_bis6 - 1. 32 6,35 I OVOH I
. Ik
=
1600 ©) 1 @ O Campo Elétrico Conductors # Materials
/ —m (e < ‘
{ = @ J © Campo Magnético
700 E F R 1”0 © | ‘ © ElevagdoTemperatura
757 400
CB = @ @ e J O Arco Interno / Interrupgéo
A = = . ¥ 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 0,000 W2 00 W3 0.0 (ohmE-6) in computer

1920x1080 - scale100% | Ventilacao ?
Partitions 1 1 P2 1P3 1 O sIM 0 Nao O MF

Best Resolution

Total resistance per phase measured after {887k Kk Resistance C&Lk 'k Resistance switch 59 K

Elevacoes de temperatura sobre o ar extemo (K) Ph.B c";,?{i‘;,’;“” '?;i,‘a‘s’“"‘ XES) Total

- P18= 44K F— Elevacio de Temperatura Condutor (K) 178 607 784

. - Elevacdo de Temperatura Fiuido (K) Resistencia  Reatancia ImpedanciaOhm E -6
2 ~ B Termopar 784 1096 1348

:; WATTS (others + magnetic) ~ Contacts Barras
0 B 1 0,00 32 113

33 2 0,0 30 101

= P5aP7=37K 3 0,0 23 77

33 4 0 0 0

;f Dissipagédo potencia total (Watt. 376,52

> ELEVACAO DE TEMPERATURA (K)

z ¥ A 21

= = ~ B 37

;; P1=28K P23=24K C =

gz D 37

o E 37

" F 44

32 Fluido 50% H 8

1: Porta 2
Measuring point Test temperature rise ( K) Simulation( K) Difference
A - Terminals for the connection to externabnd. 28 27 to 29 <5%
B ¢ Cc¢ D ¢ connection between bars and circy 37¢41-44 37-43 <10%
breaker (**)or switches (see figure above)
E ¢ Connection between the horizontal an 44 4346 <5%
vertical bars
F¢ Short circuit point 24 ~24 <5%
Door la4 1to6 <15%
Internal air Not measured <5
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Figure8 ¢ MVkir - Temperature rise test In lab- Test report????2 - ACI2_KIRtest
Recent test and design revieWVaiting for the testing lab test report to validate this case

Z nffir.i’/ﬂfbr Tens&o nom. (V) TipoEquipamento Types # N x H x B IN (A)
) . —— d — f— . 17500 60
| eress. L —_ [ press. I | press. ' 1100 — OLvswa O et G 32| 635 400 ovow
= L =L Y e o | DOG/IED e B
T — 41"— e i L Material do invélucro @ E 32 5, OVOH
= e oo B F
¥ mm e O MVemil O Gls3ph
365 OLvsw_ 12
o lec KA ef / duragdo S O Wpro O Lvemil
Y 7{‘ 16 1 O Mveol Opuct2
' Fator de assimetria - crista Sk e
O Wmei O Wicel
‘ 26 G O LVice O MVegyp
| | selecione TIPODETESTE  crick 2x
I P ACI2_ KiRtest
17‘25 ' el manin. ACI2_KIRtast_samresistancias
-1 ACI2Z_PEL_400A_24kV_30x5
| L) O Campo Elétrico ACI2_PEL_400A_24KV_32x6
J ACI2_PEL_630A_24kV_32x6
J O Campo Magnética
| J O ElevagdoTemperatura
600 J
- O Arco Interno / Interrupcéo
e = ¥ NOVO
L — Costs_Phases_Language IS
VOLUMES 1,2,34 S = SR (V0P 7 | Cobertura das barras
R1(nQ) R3 R = Resistencia / fase -CB1 /conex8es ONG OPintaOMySFOME
(ohmE-6) in computer
Watts 1 w2 w3 , ;
1920x1080 - seale100% | Ventilacao ? B R luti
Partitions 1 1 P2 1P3 O SIM © Nao est Resolution

Total resistance per phase measured after tEBD0x K Resistance CB 78 K Resistance switch 7d K
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