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Message from Sergio Feitoza Costa

For a long time | had been taking the courage to leave, as a “free book”, this text | use as
reference for two training courses that | have been applying for many years all over the
World. Now it is done and | hope that this material can be useful to professionals who
did not participate in the courses, to teachers and to electrical engineering students.

| am still applying the courses but with a much lower frequency due to my increasing
involvement with the design of electrical testing laboratories and with the consultancy
work | do for equipment manufacturers in the development of products.

| am also making available the software SwitchgearDesign 307 developed by me for the
design of switchgear, busways, isolators and other equipment for substations (part 7 of
this book). The explanation on how to get both is in the first page of the site of Cognitor
http://www.cognitor.com.br (in English, Spanish and Portuguese).

There you will find also “free”, my recent non-technical book entitled “Between
calculations, songs and meditations” and a link to hear the songs of my 3rd CD . There | |
sing some of the songs | composed in the last 6 years. | have 30 registered now and
some people say that they are not bad for an engineer. So, if any of the readers is a
music producer looking for a new talent I'll be here. See also page 336 at the endof this
text Divulgation is very welcome and for any comments please write to my
email sergiofeitoza@cognitor.com.br.

With kind regards

Sergio
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Author previous experience :

* Test engineer and manager of Brazilian high power, high voltage and other laboratories

* Chairman IEC -International Electro technical Commission —TC 32 - Fuses (1990-1994)
 Member WG A3.24 CIGRE International: Simulation ....... Tools .

* Member WG IEC SC 17 C / WG31: Guidance for the extension of validity of type tests of
ac metal-enclosed switchgear and controlgear

*Switchgear design development and simulation software development

*Training for substations and equipment design.

*Design of testing laboratories

Contact data:
Sergio Feitoza Costa

Cognitor — Consultancy, R&D and Training
Phone : ( 55) (21 ) 2465

Skipe sergiofeitozal ( may speak in English, Portuguese, Spanish or French)

E-mail: sergiofeitoza@cognitor.com.br
Site: http://www.cognitor.com.br
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Articles by Sergio at http://www.cognitor.com.br/en_download.htm
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i £ IR ACTIVITIES COURSES CONSULTANCY 6OWMOAD ] CONTACT
INGENIERIA ENERGETICA d i HOME CURRICULUM
Y MEDIOAMBIENTAL

y cone

- Dol bt Training and Consultancy
eléctricas

in electrical equipment design

Algo falta en las normas IEC y en
las especificaciones de usuarios

Los usuarios de equipos eléctricos necesitan cada vez més que los productos
que compran fengan un ceriicado o informe de prueba expedido por un
laboratorio reconocido. Las pruebas de laboratorio, especialmente las de
alta pofencia eléctrica, son costosas pero necesarias. Anfes de llegar @ un
diserio aprobado el fabricante debe repefir la prueba algunas veces. Hoy en % HOME
dia hay pocos laboralorios de ensayos de alta pofencia en ef mundo.
La necesidad de ufilizar los laboratorios de ensayo es un obstéculo para los Software and course for the design of medium and low voltage switchgear _____ Screens of the software
fabricantes de pequefias y medianas empresas. La razén es que los costes
son altos y la lista de espera para poder reaiizar el ensayo puede llegar a
TR See some slides of the switchgear course

E1 més sequro y fexible en caso de incendio.

Paper: A "Standard / Guide" for the use of calculations and simulation of laboratory tests... Published paper

calidad eléctrica
/WWWWWWWWV FORUM__ Switchgear (MV & LV): A proposal for an IEC Guide for testing simulation

Por 8. Feitoza Costa, director COGNITOR » Can

Forum main posts

T General Cable (e —T— FREE complete SOFTWARE DECIDIX for the analysis of feasibility of power g ion, cog: ion and T&&D projects

Course in Dubai - June, 20-21 http:/ /www.tpsworld.com/forms/article6.pdf

Paper NEW " Validation of test reports issued by recognized testing laboratories "
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@

Sensores de presenca
& controles na iluminacdo

0 consumo standby
dos aparelhos domésticos

Aterramento ativo para
redes de média tensao

Motores de relutancia chaveados

Energias elétrica e térmica
com painéis fotovoltaicos

Instrumentos de medi¢ao i
da qualidade da energla As perdas de energia no Brasil

i |
Transformadores mais eficientes Simulagao de ensaios em

painéls e barramentos
Transmissao: a conexdo

de parques edlicos Desgasté prematuro de motores

Guia de equipamentos de profecdo para servicos em elefricidade
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THE PROGRAM in 7 MODULES

1 STUDIES WHICH ARE THE BASE OF THE TECHNICAL SPECIFICATIONS

2 OVERVOLTAGES AND INSULATION COORDINATION

3 SHORT CIRCCUITS, AMPACITIES, OVERLOADS AND ELECTRICAL CONTACTS.

* TEMPERATURE RISE
* FORCES AND ELECTRODYNAMICAL FORCES DURING SHORT CIRCUIT.
* TRANSIENT RECOVERY VOLTAGES AND INTERRUTION PROCESSES

4 POWER ARCS AND SAFETY OF PERSONS AND INSTALATIONS
5 TECHNICAL SPECIFICATIONS ISSUED BY POWER UTILITIES

6 MEDIUM VOLTAGE AND LOW VOLTAGE SWITCHGEAR STANDARDS
(IEC_62271-200 AND IEC_61439)

/7 SIMULATION OF HIGH POWER TESTS AND USE OF THE SOFTWARE
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COGNITOR Reference materials for the courses

SWITCHGEAR, BUSWAYS & ISOLATORS

and

SUBSTATIONS AND LINES EQUIPMENT

(focus in design technigues, specification, tests and simulations)

MODULE 1.
N THE STUDIES
R WHICH ARE THE
B SPECIFICATIONS
by Sergio Feitoza Costa www.cognitor.com.br CoENITOR
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SOME DEFINITIONS
AND
REFERENCE CONCEPTS
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THE VALUES OF CURRENTS AND VOLTAGES

Wind sun rain ice technicallosses polution non technical losses

Nea
~
‘-
.
.
Y
.
.

Distributed
generation

l!]

Transmission
Distribution

To transmit power = voltage x current from the generators to the loads with
the minimum losses in the transmission system
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NOMENCLATURE

V(t}zYmax .sen (wt+¢)
Y
Wt (rad)
closmg Y
Sl rms value - ' max
J_
w=2.1.f
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* V=R.I
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X: =1 ohm Re ~0 >
R, =1 ohm
U rms = U/ Z-= | :
1,414 V
1,414V | 1,4140hm =1 A X, ~0
R =1 0Ohm

L = 0,0031 Henry /

X = 2.pi .f . L =10m  7-1414
AN X=1
31416 50 Hz 0,0031
.

zz\/ n 2l x ? | - 1414 0hms
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X- =1 ohm Re ~0 >
R, =1 ohm
U rms = U/ Z-= | -
1414 v 1,414V |/ 1,4140hm =1 A X ~0
Xe =1 ohm Re~0 >
R, =1 ohm
U rms |
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| : L
: %R R g

Ve, =145kV . V, =83,7kV
e = 25 KA

P, =1,732 x145 kV x 25 kA =6280 MVA
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TYPES OF SHORT CIRCUIT

COGNITOR
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A4

/

CLOSING AN AC CIRCUIT AND CURRENT ASSYI\/IETRl\i(3

Closing a circuit breaker under a short circuit condition

® L =reactance

©

COGNITOR

L= inductance
R:
t= time

resistance

o = L/R = time constant

I ax=Vmax/Z

m

a =arctg (oL /R)
Z=( (wL)? + R? )"
=2 xTTx60=377s"
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71 / Alternate current component |,
!
J

J
'
4
4
x
2B
e sen| 8 —@)

(R’—wiﬁ%
Total current = ICA - ICC

(8 —@)—>

Direct current component |

IEC: rms symmetrical (ICA) and current peak (first peak) for example
"40KkA,, during 1 s with 100 Ka_ “

ANSI : "asymmetrical rms value" which is at a certain instant
= square root (ICAZ% + [CC?)
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Synchonous machines reactances(%)
Generator type Turbo generators Salient poles
With / without damping winding
Sub transient reactance  9...22 12...30° 20...40°
"
Transient reactance 14...35% 20...45 20...40
X"q
Synchonous reactance  140...300 80...180 80...180
X'q
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Transformers impedances

Typical values of short circuit impedances (%) for diferent
values of primary voltages KV

KV 5..20 30 60 110 220 400

Uy in %
3.5.8| 6.9 7..10 9..12 | 10;;14 (10..16
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Rs Ls current Current interruption in
\ | switchgear

arc

C
-l- Al Cold characteristic of the
circuit breaker above TRT

source

Higher slope (frequency) and higher\\
peak is worst BN

TRT
TRV depend on

— } S
=<2

Sl T L
Current

T _ _ the R, L and C of
-~ |
V s =\/?_ Vot ;__...- : the network
"ln. System --"';;f :
* voltage o |
' |
|
P——

Arc voltage Breaking moment
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Low Current mterru ptlon

24

40
KV kV-
)
Vref il i Il B '1|1|"" 1"[ i I \Vref o
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40
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v V N —A o -— -—
20 k/div 35 kdiv
_49 T T T 3 T T T ’-70 T T T T T T T 3 T
o 0.135 0.495 0.675 0.945 1.35 5w A%} : 1.145 1.19 1v.235 1.28 1.325
135 ms/div s 2_2.5 ms/div ? s
70 p
kV kV_
Vref .
R L e T e e -SOUFrce--
70
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« 8 t
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70
kV : arC
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Symmetric current: high frequency component sum
to max value of system voltage

l, Corrente
/ assimétric
/ t—>
/
P4
s

TRANSIENT RECOVERY VOLTAGE (TRV) *°

Asymmetric:: high frequency sum
to lower value

S
/N / e
VAR ,, )
\\ ,/
»
LI

1 = / - _ 14
(1) = Em[cos(a) - — — e ¢ cos(@ ,1-a %1+ tan™'( ,i}
\ \,.'"l— ¢ \ \f"l— a -
B
S o :
1 1 R \
Sy = A i el
. 29 N odilE 2.1
W =2 f
o = : R \F
LR E  cos(o .7) |
w = 1 \ &
VLC
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TRV by two parameters

Tenséo Tipo da Fator | Fator | Valor | Tempo | Tempo | Tensdo | Tempo | TCTR®
Nominal interrupcao de de de pico de N
primeiro| ampli | da TRT retardo
polo tude
U: kpp kaf Uc {3 g u' t Uc/ t3
(KV) (p.u) | (pu) | (kV) (us) (HSs) (kV) (us) | (kV/ps)
4,76° Falta terminal 15 14 8,2 51 8 2,7 24 0,16
Discordancia de 2,5 1,25 12,1 101 15 4,0 48 0,12
fases
725° Falta terminal 15 14 124 165 8 41 63 0,75
Falta 1 14 83 166 8 28 64 0,50
quilométrica
Discordancia de 2,5 1,25 185 336 50 62 163 0,55
fases
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TRV Dby four parameters

4 Taneao

Tens3o transitoria de
restabelecimento V;(f)

Tensdo do

sistema e 6
-
s
/
\ /
\ /
/
/ L
Vi

i Corrente de
defeito

A i
Cad ot t2 Tempo
Tensdo | Tipo da Fator | Fator [Primei|{ Tem |[Valor [ Tem |[Temp | Ten Tem |TCTR
Nominal | interrupcéo | de de ra po de po o0 de |séo po b
primei [ ampli |tenséo pico retard
ro tude |de da 0
polo refe TRT
réncia
U, Kop K¢ U, t Ue t, ty u' t' u,/t;
(kV) (P.u) | (Pu) | (kV) | (us) | (V) | (us) | (ws) | (V) | (us) | (KV/n
S
245 | Faltaterminal 1,3 1,4 260 130 364 390 2 130 67 2)
Falta quilomé 1,0 1,4 200 100 280 300 2 100 52 2
trica
Discordan 2 1,25 400 260 500 780 49 200 179 1,54
cia de fases
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FIRST POLE TO CLEAR FACTOR

N\
B

E;

3 I ST
\_/ 0 O
E, v 0
| | |
Voltages in the 1st pole to clear are - — . i
1,4 to 1,6 times the normal phase to :\
|

ground voltage o
\/
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SPECIFICATION OF VOLTAGES AND
CURRENT VALUES IN ANEW SUBSTATION:

Load flow studies

Short-circuit studies

Standardized values in technical standards

To avoid exaggerated specifications reduce costs
without any loss of quality.

COGNITOR
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LOAD FLOW STUDIES

For the system economical operation and expansion planning

Steady state information:
» loading of lines, generators, transformers,

+ transmission losses

» modules and phase angles of the voltage in the bars.

» active and reactive power in transmission lines

30

P; P, =-0,5 pu

1) —Lr 1:¢el%n TL (9
T & 0 7

T = 1—,.:‘3 pu ’

"193=1/2 pu

P
~0,5
~1,0

©,=-025

T3 = 1‘,"‘2 pu

T

P;; =-1,0 pu

Resultados:

©, =0

P08, BRiie .

Escolher barra 1 como
referéncia © o= 0
Tap do transformador
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x —3,0 —2.0 (‘)1
=|-30 50-20]- Hj
-20-20 4,0 /)3
© = - 0,375 rad
= 0,75 = - 0,25 pu

J—
":"huit*u‘a ?ﬂ Nbort | CditMade [Run Mode Scilpt Mode = Log | 5 sk on-ul
o - HEEB AN E R SR - 8]

e

bR R S

o & 1108MW
1069MW fonen o R var

AGEON - (iww

0 W
o« L [ [ e b e 3
g f
1 - U2
Uit u I
LM "/

Case Hourly Cost
16930 R$ /hr

A s0fmw
30 Mvar

4 A
40EMW P
o Q

M

I o
2 ;.J_
104p0 W . |
OHN% T ,[ [ l
168HMW

OFF AGC Top Area Cost
8026 R$ /hr

2004MW g,

10NN

0 Mvar S | AW Al wu.g,"'
» v P @ » P a
6 —wd LA
ey

'e 53 53 [ B P
T

SR A 9afmw
fam
;s AGC ON

31 MW
[k 4
100 pn
22 1w ___! ¥
S 8.
IERN
4

» » 2
v @ WS
der——
1.01 i

|
MW

‘;):-' ¥ 130iMw
¢ o 40 Mvar

™

7

COGNITOR



COGNITOR 31

LOAD FLOW STUDIES

V._ V. ”
| s | J S“=P,,+jCL,:V|*:V| _VI
Z 1) | 7 4
6 =/Vi',V| VI
i
0
T P km om
i~ 1 (R|Vi]* —=R|V)| | V] cos & + X|V||V;|sin ) X km
9 = e
R +X2 I:’km'(ek'@m)/ka
QlJ - 1 (XI'I.II:_X'V(III,JCOS(S_RIV‘||V,|Siné) Vk 'k Vm
2. .9 . —p 1
AL SE | = — e —
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(existing)
Low load normal operation Emergency - low load Emergency - peak load
622 A 622 A 1244 A 622 A 640 A 1280 A
622 A 622 A 622 A 640 A
\ " , Selected 1600 A
SUBS. 1 )} | |
12494 A ¥,
-l- I -f | \_D_J i [:‘:j SuBS. 2
\,__‘ ’ / 1280A
selected 1250 A " [ 11
\12804A,
@ | lf.'] suBss. 2
\ . o~ IZBOA I _I_

sSuUBS. 1 E'j TFHILD,_/—L -:
12444 1250 A is possible ?

h
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®Determine X / R circuit (and L/ R time constant);

SHORT CIRCUIT STUDIES:

to specify the short time and peak currents and switchgear breaking capacities

®Calculate short chains, the crest and maximum durations.

®Adjust to the standard values of IEC standard

33

® Find the values of DC/ AC components in the separation of contacts

LT

J2KA

LT2 B

o
~ @©
o~

BUS

35kA
— | —»

M1

Current

27HA
¢
1LE

M2 M3

separation of contacits
I

Circuit Calculated Standard
current value

(kA rms) (KA rms)
LT1 32 40,0
LT2 30 31,5
LT3 28 31,5
M1 35 40,0
M2 27 31,5
M3 38 40,0




COGNITOR 34

Information about the software
ATP / ATPDRAW

(Alternative Transient Program)

* Free software originated from the EMTP for the
calculation of voltages and currents transients.

* Excellent tool for daily use.
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OPENING A REACTOR

Afnbastis
DATA [ | [wocE  [Prase  [name
= Cor. A 1 H DATA VALUE DATA VALUE
s - = R o
a1 i H |.|. =
Tols El
TS 1 R I_ [”mz I- 33—':%
\ C 0 : -
Ouder [0 b Y Labut [1ZERN * h
Commant: | " . i
Type of posce LY - I )
™ Cunenk \ 'r_ e l ‘
@ Wolkage N\ I 'l
. ~x \
o o | Lol % Heln I
— < | \
\ I |
* . I \
N 1¥eq; o -isjunt. 3!
— "
- 1 - :
_ - _1_ 2| 5 MVAr
-
-
L L
DATA VALUE ol ) )
T-cl 1]
T-op 0.001
Tmar 10 .
e

C:\0_CD_Conceitos\Curso_2012 SW SE\CD ATP_CBUE\ Exercicios\Abertura Reator\Project\reatoradp

-}
Tt WA LA TN T W A
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Equiv.. Eisjunt
@ Fonte  — Capac ™
@ LRLL J_«lr -1
>

FAUL]

" INTERRUPTION®*®

-200

0 5 10 15 20
(fle trphd; sevar () vOODOTE  wOODOT3- w0009 o013 e 00003

8| v| 7o

DATA WALUE

R 0.1

L 1

C 0
DATA VALUE
T-cl
T-op 0.0
Imar 0

C:\0_CD_Conceitos\Curso_2012 SW SE\CD ATP_CBUE\ Exercicios\Abertura_ Reator\Project\trt. ADP
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F

FAULT INTERRUPTION?

]
525 kV @

2E]

N1A N3A

HE]

N1B N3B

HE]

N1C N3C

DATA VALUE -
248 km 2 At 50229
E RM 04212
<~ 4 (2 0.3482
AD T o= o |1:36
Be T~ —~
Equiv. 248 km B0 3121
(&} F=l, I 248
ILINE 0 N
;%J 483 km 08
h FF  fo
N3 4
T~ 041 - Y
0.0
- l
CURTO ™ . 04
~ l
——— ——
Aftnbutes I 0,8
DATA VALUE ]
Tl i i I T A T
T-op_1 0.0
T<.2 1
T-op 2 0.0
Tl 3 1
T-op 3 0.001
I 0

L = B B I | '\.jR
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FAULT INTERRUPTION (SHORT LINE)

248 km

Equiv.
1

LIME
F RL

LINE
-

248 km

525 KV

+DI8) 4km

LIME
-7

LINE
T

479km

LIME
T

H0E]

N MM

14

38

0,24

a2 V\
-U.E T T T

0 10 2 5 [m] 3
(fike trt_quil pM; x-vart) vi1A <38 wiB -B wiC 30 wFRA wFB n1A -3
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"BACK TO BACK" CAPACITORS

8.546uF
L

%
8 9 10
Y s e *
4 95uH 5 85UH E.EeiEuF
{F*J.
b 30
4.5nuH§ N
204
112 13
e T e 1 10-
4 95UH 5 85UH B.E¢EUF
'F*J__ |:| i i. ' fI
= |II I_ F 1, ! ) hl |
! I J ! ¥ { I
; W IR UL K
4 50UH 107
14 15, 16 17 -204
—a e +
4 95uH 5 85UH H,Ed,EuF
1“~E 30 . . ' ' |
1 00 02 04 06 8 10 Il
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& ATPDraw - [cap_1RLC_trifasico.adp]
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c:CLEACE-
™ I — -EDD T T T T T
©:CRERCE | | 0 g 10 1= 20 2t [ms] 3
Update FOUI' le cap_ 1RLC_trifasico.pid; x-var t) v:CARACC {CAPACE c: X0005E-CAPACE
| | R | |:|:|| Markl Cl:rpyrl F’rintl—I
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SOME REFERENCE BOOKS

lABB Switchgear Manual

ABB Switchgear Manual

More than 50 years after public ation of the first edition of the BB C Switchgear Manual
by A. Hoppner, we present to you the current edition of today’s ABB Calor Emag
Switchgear Manual in the internet the first time. A= always, it is intended for both

ex perienc ed switc hgear professionals as well as beginners and students.

The ABB Calar Em ag Switchgear Manual addre sses all relevant asped s of switchgear
technology for power transmission and distribution . Mot only the technology of low, medium
and high woltage switchgear and apparatus is considered but also related areas such as
digital control system s, CADSCAE methods, project planning, network calculation, elecro-
magnetic compatibility (EMC), etc.

Imprint
ABB Pocket Book - Switchgear Manual
10th revised edition

Edited by
ABB Calor Emag Schaltanlagen AG Mannheim and ABE Calor Emag
Mittelspannung GmbH Ratingen

http://www.4shared.com/office/ErozeZWB/20269998-5068033-ABB-Switch-Ge.html

Transients in Power Systems — Lou Van de Sluis
John Wiley & Sons Ltd ISBN 0471486 396

Presented by Sergio Feitoza Costa End of modulel
Www.cognitor.com.br
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END OF MODULE 1

Presented by Sergio Feitoza Costa

www.cognitor.com.br
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— Reference materials for the courses

SWITCHGEAR, BUSWAYS & ISOLATORS

and

SUBSTATIONS AND LINES EQUIPMENT

(focus in design techniques, specification, tests and simulations)

MODULE 2:

OVERVOLTAGES
AND INSULATION
COORDINATION

by Sergio Feitoza Costa WwWWw.cognitor.com.br
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EFFECT OF CURRENTS AND VOLTAGES
Lower or equak the rated ‘ Aging “normal”
permanent values (as 20 years)
] Moderated temperature rises:
Long duration overcurrents mm) -+ aging

(as 1,5 IN during 120 seconds

High temperatures like 1802C

s> for copper: annealing, bending,
Short duration overcurrents

(as 20,0 IN during 1s \ Electrodynamical effects: forces
(tons) and mechanical stresses
damaging insultators and busbar

Overvoltages

Imediate failure or

« Long duration ( dozen of seconds) ' . :
isolation aging

« Short duration(micro- seconds) ‘
12t ~ Vet ?
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OVERVOLTAGES CLASSIFICATION v
[

Atmospheric | Iy = pi/

Switching — connection and disconnection of elements, initiation or interruption
of faults

. Temporary: power frequency or harmonics and sustained or poorly damped

. Switching: short and damped

U/p.u- NSUUSSSNNSS .
' 6 Atmospheric impulse
5
< Iz Switching impulse
3
Tempora ry overvoltages
2
1
O 1
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Atmospheric

Impulse

100 u s

60 Hz
Switching
Impulse
2000 u s
V )
= =
16600 u s
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IMPULSES + RATED FREQUENCY VOLTAGES

Ve

S
0> ety —|
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IMPULSES ( actual and laboratory)

Laboratory test

) t,=- 12pus t, = 50pus

Atmospheric

0 8 == 200 400 us
T

Vollage

Switching

w |
A i

/~4 — 4 ;/\,,/: r)= L;
0 2 4mséRW4 BmsB‘V\74ms‘6

o) (&} {c) ~ t 5

Figure 2.7, Typical switeking surge waveshapes:
() fault initiation,
(b) fault clearing,
(c} linc energising

vl uR
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Transients frequency

Transformers connection 1 kHz
Ressonance (iron) 1 kHz
Connection of lines 20 KHz

TRV for terminal faults 20 KHz

TRV for short line faults 100 KHz

Atmospheric impulses 3000 KHz
GIS switching isolators 50.000 KHz

Fequency depend on L and C which depend from geometry and
distances i
, L. & 2 ( R ]
Fa = N o R

2 2 2
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IMPULSES PROPAGATION

«Direct impact in the cable of phase: U=(1/2)xZ
Z = sqrt( L/C)

v=1/sqrt( L*C)

«Impact in the guard cable: "back-flashover.

Changing the wave impedance medium

transformador: Z,

i ‘L g ) . .
_ mﬂrgt‘o |z
- o e e e e
| 23:

0000 et H = H; = = _—

u ‘ Ly + £; =4
L N e - : Lyl

Ky = 0} ———————
Zi + L
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TEMPORARY OVERVOLTAGES

* Power frequency or harmonics sustained or poorly damped
* Range<1.5P.U.

e Duration: few seconds depending on the type of system voltage
control (even more if the intervention is manual)

v'Some of the causes
v'Sudden loss of load
v"Unbalanced faults to earth
v'Disconnection of inductive loads
v'Connection of capacitive loads
v'Connection of no-load lines

COGNITOR
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SUDDEN LOSS OF LOAD

o Line with most of the generator load is opened 20
a Generators accelerate / voltage grow up

o The more compensated and meshed is the :
system the lower are the overvoltages

O —i—i-
Xq = O.SSDP. V' 5 Vv2(v> H
u | i

1,2,3 - Emitter 1’, 3’ - Receptor

1-1° - No compensation

3/3"'- 50% capacitive series compensation /
70% _inductive in derivation

2 ©<.% [
————
sl
T————
—

X K- -H-G‘ A , ne
‘ * ]
Ly~ ——————=ammml
——

Fig ddiTor
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UNBALANCED FAULTS TO GROUND

~Phase-to-earth fault in one of the phases causes an

_{,

increase of the voltage in the other (unfaulted) phases ! e [
. //' 95 -
Isolated systems: Phase to ground voltage on unfaulted _ "
phases can overcome the voltage-phase g o // B e L
X1 i oltoge condn;»ons for Ay =R,=0.1 X,
. . [ /’f_—es
/Solidly grounded systems: voltage rises but remains /7-— — S
smaller than phase to phase voltage. T
(65 - X,
/\\ /> i, 0

0 S X_1
Tensao fase-terra sob falta em fungao da
tensao fase-fase  Rq resistencia de
sequencia zero, Xq, X1|, X7 : reatancias
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INTERRUPTION OF INDUCTIVE CURRENTS

From IN to several IN

Ry L
R
s C \ Caracteristica fria
do disjuntor deve
ficar acima da
TRT
Inclinag@o maior & pior -
: g S TRT
Pico maior é pior Y depende dos
parametros
i | e i do circuito
Vs =‘\\‘,."5 Ng circuito R.L,C
A
X Tensdo /’
sl t da rede .
/ X .
o / A
aom® % ’
Tensao de "W ol # momento da
arco “corrente Interrupgao

Small inductive currents in
transformers

1 :0,5a5%del

A ol

I
: secgn&lério
Vi c:‘.l:}g R Ly ‘ et
|
L
w N N
Current
/ \ § "|ﬁ' TRV
) |' \ i
B |
A

0 ' 4 ' 8 ' 12 r 16 1t[rr'l 5] 20
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INTERRUPTION OF CAPACITIVE LOADS (cables, capacitors, .

Gy, B,

TRV grows slowly making
easier the interruption but
Vpeak = 2pu may cause
reignition of the arc because
there is not sufficient

separation of the contacts

If a new interruption
happens, the voltage may

be duplicated again to 4 pu

Current

Source voltage Va
(point A)

Point B voltage Vb

i lu'

interruption

Seen by the circuit breaker
(Va-Vb)
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“Back-to-back” capacitors

! !
A e

No-load lines

2

Y

Time

e U

Reginition

u&.‘—s
- y & L F
o (=D —mim—- e e ? : 2=
+C.

<. lu. l"a

“Time \?

Phase C N -
T T T T e e e e T T

T

]

>
<>”'~

==
?
"

y
7
)

o

Phase B
Phase B f - 29 Ery =—— zrg
Phase A e

N
W

;
I
y

!
)

-
L]

\
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SHORT LINE FAULTS

& / Transmission line

s |
e} R e féline
Ecos{wt) Chi= . lina

Figure 5,13 The short-line fault

Supply-side voltage

S5 1 TR L D IV EUE L g ) MRS e . T

0 —p~

25l
U =2 %L ing

ot
S v
¥ \/ v/\v/\v/\v/‘\\.._____

Lme side voltage

Time
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“INRUSH” CURRENTS IN POWER TRANSFORMERS

PN e
.Currents may reach 4 IN - 5 )
A,
«Depend on closing moment and @ oo ‘uc e <t
remaining magnetic flux cs_|_

5000

5 ::_Jn\/\k,\LI\LI\Jn\]\L[\Jﬂlf\L[\J”LJ\L]\Jﬁ{J1Lf\JﬂkJW_f\_fiJﬂLJ1LJ\JﬂLJWLf\_fkAﬂLJﬁLJ\_J\_fx.ﬁthLJ\.foh_J\_f\_n

00000

A A

=< 104

STV

Flux
0

Yoltage
0

0.5

L B B B B Y
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= 10%

CORRENTE
~80.00 :54 140 - z29.80 ‘3;20 33;‘0 QG.QGl T!:!D

“INRUSH” CA

7

Y

Ecos {wt) @——7/ /—

4

¢

]
I

860004 , FREQUENCIA = 12.000 Hz

h 84432 480 528 (p)

Curto-Circuito Proximo a um Banco de 1625 MVAr, 345 kV

PACITIVE CURRENTS

A

Ecos{ut){ N\, Gl

I
(]
| |
il

= 10!

8800 120,00 184.00

CORNENTE
“TZLopO0 -apo

2

- 200 00 ~-I38 00O

Corrente de Energizacao, "Back-to-Back"(*) ' 25 MVAr, 138 kv

(ms)

19004, FREQUENCIA : 7.500 Hz
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SWITCHING OF-LOAD LINES
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OVERVOLTAGES CONTROL

PRE-INSERTION RESISTORS

 To reduce overvoltages in the switching operations for energization or
reclosing of lines (closing)

* Toreduce TRV during the opening operation

* Function of resistance and insertion duration (over price)

LIGHTNING ARRRESTERS : to reduce overvoltages to a level lower than the
one supported by the protected equipment.

CAPACITORS in the terminals of circuit breakers to reduce TRV kV / uS.

SHIELDING OF SUBSTATIONS AND LINES AGAINST LIGHTNING (ground wires,
protection rods) to avoid direct incidence in the conductors or busbars.

COGNITOR
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SYNCHRONIZERS: reduction of overvoltage or
overcurrent by control of voltage wave angle

«Energization of no-load lines Dispersao mecarica

Dispersao dielétrica

«Energization of capacitive loads

«10 avoid inrush currents

v
Kl
¢ 4
B
]
0r

V-lesxg) %
M ¢

Probabilidade
=

s 4 K 0 ) 4 5

O

tempo [ms]
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Switching on a capacitive load
To reduce the asymmetry of the

short circuit current : >:
electrodynamical effects)

v

|

[l ST

: V sen(mt+®)

. il
i

=1y sen (ot+@-a ) = | e ¥ sen(@-a):

#..max

COGNITOR
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INRUSH CURRENT IN POWER TRANSFORMERS

Amperes

2

d Timop

|

j: | ] 0 |
OP % “ JV w w -102
=LA U [["h N A 200

With control

Without control
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e

2

Switching on

= 13

!

Simulacio capac_0Omse capac_4ms

capacitive loads

I
No-load

- £ -0 W
T 7 600 kV T 350 KV
. ™ S T ¥ -
L R | I marsd 'r--;{u"- e _""‘i'."' h. |
! 31ohm O4dohm  SSAohm 00BShen s e [ JI EI 'Ii i' :I i |'
) TAre—eW eaTEe—AY | 1750 | i I [ : [
i & == 134 uF" | | !

lines

a * on I -I. i JI I /| i
I | ] [] | | I ] I | I
A O T O I O [
Hi & || | i | ! | i . |
L . F L b b tr b
TR
] mseq 1) 1 | | | | | ||
1 1 | 'I |I |. i | .
A0 ' S — I.LJ iJ4 l|| I |I$ 'II' :“
T Y Y k¥
-m-;um_ 0 a0e s Bl g -wttlu_:* n B8 Bt pe Hi
.......... ~'e‘w._
/ 25(;-kV ao0 % 400 kV
----- B PR o e
1 5
4 \ 250
ms r
1250 \\\
energlLT 3D ,_// M - J ‘
F { Ak 1
o_o-j -50 - \ \}
-62.,5 -
-200 \f
-125,0 4 )
/ \\/ -350 4
187 .5 /
-250,0 - = . . -500 . T .
0 5 10 15 [ms] 20 0 10 15 [ms] 20

COGNITOR



COGNITOR 67

INSULATION ( IEC 60071)

SELF-RESTORING :
after a short time, completely recovers its insulating properties after
a disruptive discharge during test

« Distances between bus bars in neighbor phases

« Qutside part of insulator columns

NON SELF-RESTORING :
loses its insulating properties, or does not recover them completely, after
a disruptive discharge during test

« Paper impregnated with oil in transformers
CREEPAGE DISTANCES (KV / MM)

 Based on the maximum operating voltage, pollution, humidity
and air density

COGNITOR
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INSULATION ( IEC 60071)

Withstand voltage

value of the test voltage to be applied in a withstand voltage test, during which a
specified number of disruptive discharges is tolerated. The withstand voltage is
designated as:

a) conventional assumed withstand voltage, when the number of disruptive
discharges tolerated is zero. It is deemed to correspond to a withstand
probability P, = 100 %;

b) statistical withstand voltage, when the number of disruptive discharges tolerated
is related to a specified withstand probability. In this standard, the specified
probability is P, = 90 %.

NOTE ..., for non-self-restoring insulation are specified conventional
assumed withstand voltages, and for self-restoring insulation are
specified statistical withstand voltages.

COGNITOR
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INSULATION COORDINATION

 Determination of the overvoltages: magnitude, duration and
probability of occurrence (ATP, TNA, ....)

e Selection of the insulation levels

* Conventional method: higher overvoltages + safety margin ((as 25%)

» Statistic method: select a certain risk of failure taking

e Dielectric tests

* Power frequency
* Switching impulse (250 x 2500 p S)
* Atmospheric impulse (1,2 x50 u S)

* Use of protection devices to reduce the overvoltages

COGNITOR
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- -"—--"""""""--""="—-="=—_-"—== 1
Crrigin and classification of stressing = | System analysis (see 5.2)1
wizxltages (s=e 318 amd 3_17] L Ill"..
Frotective lewvel of overvaltage linsitimg i
devices (see 3.21) !
!
Insulation characierstics Representative voltages and \
- _ overvaliages Uiy [s=e 3.19 ] '
Insulaticn characteristics |
FPerfomance criterncn (see 3 22 1 |
Siatistical distnbution (#] Selection of the insulaticn meeting .: |
= ihe perfommance critenion [s=e G.3) {
Inaccuracy of input data (+) L e e e e e e o e e e e — I
II
i+ Effects combined im a co-crdimaticn + ."I
actor Ke (see3.25] Co-ordinaticn withstand voltages Ling
Alttude comection factors Ky (see 3.24)
(or atmosphernc comection factors K
(see 32 28 and 3_.25]

Eguipment test assemibly ™)

. . . . . Application of factors to account for I
Dispersion in production ) Itl‘l-E differemnces between type test |
Suality of installaticn ™) —————— = conditions and actual I

Ageing in service "} service conditions [s== 5.-1:-'
Orther unknown factors ) _————— —_——————
"1 Effects combined in a safety factor Kg
(see 3.30) S equired with=tand voltages Liqy
s==2 3 27
Test comditioms (sae D)
Test conversion factor K. (see 3.32)
Selection of rated withstand voltages 1
Standard withstand voliages | (see 3.33) or standard rated withstand |
{ses 5.8 and 3.7} — = | voltages Uy, (see 3.34) from the lists |
Ranges of Um (zee 5 8) lin 5.6 and 5.7 |

Fated or standard insulation level : set of Ly (sese 335 and F.36)
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SAFETY DISTANCES AND CLEARANCES ( IEC 61936)

N

i - - e == = O Posigda main DOUY WY
T Ointntio condatoras trozaverse s
% wgenga| | 4o Ananci
0 5 ] bove . o
\ | 1 ¥ s 2 | gt
R ﬁ—- ' veloe .t S
TS L G aow o
= T . 1 21 Terw
. I va'or s = ?,.-A
@ WBSREZNES, S b s | 3 B
o 1A N i
i i e e o Ty :' -\ vgior
F——— ; ar ” e - jb. — I ' ‘.
. ..—.——J‘T—-.‘-On s —. \_ bam
S 3o — ) P S 8 Tona Grculiies \'-\
- . ot & & N
L . i 4 e prexstane
et 1 ] o Citcalegds
A - . ToWTEE 43 e e ~ ™ 1]
mm:mum ,ﬁ'«rm m ngurone pessum
’ ..’IUDIMQ a0l m‘::‘::nw A
. - ALY
v s ome TR YN N
Live parts
2|
N |2
~NOE
ts
Sl
Acessib Srfa

N+ 1 000 for U, = 110 kW
N+ 2 000 for U, > 110 kWV

according to national standards or regulations
minimum clearance

299 PP
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IEC 61936-1 POWER INSTALLATIONS EXCEEDING 1 kV AC — Part 1: Common rules

3.1.2CIn the voltage range | (1KV < Uy, < 245KV) the choice shall be based on the rated

lightning impulse withstand voltages and the rated short-duration power-frequency withstand

Voltages of table 1 in the voltage range Il (U, > 245 KV) the choice shall be based on the

rated switching impulse withstand voltages and the rated lightning impuise withstand voltages
given in table 2. Values of rated insulation levels not standardized by IEC but based on current

practice in some countries are listed in annex A (tables A.1, &2 and A3).

5.3.3_In voltage range Il (see fable 2) the clearances in air are determined by the rated
switching impulse withstand voltage (SIWV). They substantially depend on the electrode
configurations. In cases of difficulty in classifying the electrode configuration, it is
recommended to make a choice based on the phase-to-earth clearances of the most
unfavourable configuration such as, for example, the arm of an isolator against the tower
construction (rod-structure).

vl OR
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IEC 61936 = Power installations exceeding 1 kV AC — Part 1: Common rules

Table 1 — Minimum clearances in air — Voltage range | (1 kV < U = 243 kV)

Mo mimnal Highest F-latl_ad short- Fated lightming Minimum phase-to-earth
woltage of wo ltage for duration power- impulse withstand and phase-to-phasea
I:g 2 i freqguency withstamd = e
wVoltage S sherm B Wi P e woltage woltage clearance, M
ramge L F 1, 2530 ps Imdoor Dutdaoer
r.orm.S_ r_om_sS. r.rm.S_ (peak walus) imstallaticons installations
KW KW kW W T qalyyl
z0 50 12
= 3.5 1
=40 50 12
40 60 12
=] v.2 20
Lin] a0 120
Lin] (=11 150
1 12 ek ] =] 120 15D
fei=] 1&0 15D
TE 120 165D
15 17.5 3B
peta] 1&0 15D
peta] 180
20 et 5 125 Z20
145 Z¥0o
145 Z¥0o
30 23 T
170 20
' =25 =52 o5 Z50 430
8 T2.5 140 25 530
185 B 450 aoo
110 1=2=
230 550 1 100
185 450 @ ooo
122 145 30 550 1 100
275 550 1 300
Zag = S5n O 1 100
150 170 2TH 550 1 300
3rE5 TS0 1 SO0
2ys @ a50 = 1 300
azs T50 = 1 500
Z2d 245 as0 ES50 1 700
3|S5 o550 1 =00
450 pd 1 050 2 100

N 7
Values applied in the tests In equipment can be |OWEEN T o R



I IEC 61936 re
= Power installations exceeding 1 kV AC — Part 1: Common rules
Table 2 — Minimum clearamces in air — Voltage ramge Il (U > 245 kW)
MNominal Highest Rated Rated Rated
voltage lightning switching _. switching L
vﬂlti ge For impulse impulse tM |n|r|.:1:mI phase- impulse “I:.Irl'll.ll'l'llp hase-to-
nt equip- withstand withstand o-=ar clearance withstand phase clearance
system ment © voltage = voltage voltage
Voltage Phase-to-
Phase-to-
range . " earth 250/ | Conductor| Hod Pz"';;f Conductor Rod
mi 1.2/50 ps 2 500 p=s — - . —
structure 2 500 ps conductor
rm.s. s ipeak wvalue] {peak structure N (peak paraliel conductor
walue}
walua)
kW kW kW kW FTIET kW FTIFTI
1 @00
BRQBS0 a0 1 900 1 125 2 300 2 00
1 700 b
275 20d
1 800
950s1 OS50 aso 2 400 1 275 2 @00 3 100
1 900 b
1 800
950s1 OS50 asa 5 2 400 1 275 2 G600 3 100
230 362 1 800
1 0501 175 850 2 200 2 9ao 1 425 3 100 3 G600
1 900
1 0501 175 asa 2 400 1 3&0 2 |oo 3 400
2 200
I 380 420 2 200
1 175/ 300 a50 2 9ao 1 425 3 100 3 600
2 400 ©
1 30001 425 1 050 Z 800 3 400 1 675 3 600 4 200
2 200
1 175/ 300 a50 2 9ao 1 615 3 700 4 300
525 Z 400 ©
430 CEEm T
(S50 1 20001 425 1 050 2 800 3 400 1 6&0 3 BOO0 4 G600
1 425i/1 550 1 175 3 100 4 100 1 7&3 4 200 5 000
1 &7 51 8O0 1 200 3 @00 4 a00 2210 @ 100 T 400
o
TOO -'E?I:I?:i:l:- e 1 BDQW1 B50 1 425 <4 200 5 aoo 2 423 ¥ 200 9 ooo
' 1 8502 100 1 550 <4 900 & 400 2 480 ¥ G000 9 400
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Correction factors for altitude x insulation levels

Max. Altitude (m) Correction factor
1 000 1,00
1500 1,06
2 000 1,13
2 500 1,20
3000 1,28

Correction factors for temperature rise x altitude

Max. Altitude (m)

Correction factor for rated

Correction factor for

current temperature rise
1000 1,00 1,00
1500 0.99 0.98
3 000 0.96 0.92

Presented by Sergio Feitoza Costa

Www.cognitor.com.br

End of module 2
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Reference materials for the courses

SWITCHGEAR, BUSWAYS & ISOLATORS

and

SUBSTATIONS AND LINES EQUIPMENT

(focus in design techniques, specification, tests and simulations)

MODULE 3:

SHORT CIRCCUITS,
AMPACITIES,

OVERLOADS AND
ELECTRICAL CONTACTS

by Sergio Feitoza Costa Www.coghnitor.com.br

COGNITOR



78

COGNITOR
CURRENTS AND VOLTAGES (NORMAL AND FAULT)
Less than or equal to Normal ageing
the nominal values - (p-ex. 20 or 40 years)

_ Moderate temperature rises:
Overcurrents long duration - faster ageing or destruction
(1,5 In during 120 seconds)

High temperatures: annealing,

/ melting, bending

Overcurrents short duration
(20 In during 1 second)

Electrodynamical effects: forces
of tons and damage to insulators
and metal parts

Overvoltages

long duration (up to tens of
seconds)

Imediate failure or
short duration (micro-seconds) ‘ faster ageing
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« Supportability of materials, overloads, aging and reduced
TEMPERATURE RISE service life.

« Design aspects that affect test results of temperature rise.
« Transformers x overloads

* Electromagnetic effects of short circuit currents.
EELECTRODYNAMICAL * Calculation of forces and mechanical stresses and how to
FORCES AND avoid design errors.

STRESSES e Limit values for conductors and insulators.

* Short time and crest current tests

INTERRUPTION PROCESSES « Tecnologies: oil, compressed air, SF6,

AND POWER ARCS vaccum _ _ _
« Effects of arcs in persons and installations

« Explosions and fires in power transformers

COGNITOR
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SHORT EXPLANATION ON THE SOFTWARE USED TO DEMONSTRATE
THE CALCULATION AND DESIGN CONCEPTS

COMPLETE DETAILS ON HOW TO USE THE SOFTWARE ARE
PRESENTED IN THE SLIDES OF MODULE 7.

« Screen for input data and geometry
« Screen for the presentation of the results

SCREENS AND SPECIFIC APPLICATIONS FOR :

Busways

Low and medium voltage switchgear

|solators

High voltage fuses (not included in this course)
Power transformers (not included in this course)
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COGNITOR :
—_— INITIAL SCREEN Click here tolsee the Data of the
geomen elietts | | select
Project Type of test to the C oou project(blue line
selected be simulated (type of equipment) in the left side)
IRt dete | see3nvol | Resuts Jis 55 idx__Switehge
change the R o calculate - om to see the geome
data or click ,
RESULTS to s Wi , 1- T Corer |
do the
calculations e .
and to see the BusWay_3x60x10_Al_IECA55_2 B
test reSUItS MTH_3x150x10_CU_R_B7131
BUSBAR pumum -/ 3
sl E  E
Select dvoltag
Click the PROJECT ATERIA E
button NEW to click twice inthe line - ¢ . e
create a new —
project equal
to the one
which is
selected (only - Create NEW
the name is < ol p— project
different) and
them change R o D
the data and
geometry Type of equipment project to be simulated (LVSW 1 &2 = Low Voltage switchgear,

MVSW1 — Medium Voltage Switchgear DUCT 1 = bus way , SWITCH = isolator )
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INPUT DATA SCREEN

BUSWAYS

results

Number assigned to each conductor (#1 to # 7) to visualize

Geometry and
dimensions (mm)

Input data seeSD‘u‘uI] esuhs] Calculatur} \nsulaturs] Mategh

Conductors #1to 7
formed by 3 bars per
phase 150x10 mm

Coords [l Thermal W/ o

IE
1—
IE
dist (mm) 530
Dimensions mm spacers= [1

| conductor

=
[ S | joint

82

DUCT 1

Number of subdivisions in conductors # 3 e 5 and
corresponding distance between supports

Current applied in the
temperature rise test

(A)

y

——— o —

-
cognitor.com.br e 5,,,,;,;:;, iy

N x IN (A 7> Pos
s I I (==
Conductor material — | |
l

:
@ Painted

Main contacts or joints nce ohme-6

Eru losure material Plate (mm)

v I

Crest factor (firs t.urrem peak) FI'HqIJI:!r'IIZ:‘_‘,I' (Hertz)

‘entilation opening

Bar in the Horizontal or
Vertical position

Material: copper,
aluminum

Bar coating: bare, painted

Joints resistance (nQ)
Conductors #2,4 e 6

Rated voltage (V)
Enclosure material

Fluid (air, SFs, éil ...)
Frequency

Short circuit current (KA,s),
duration (s) and crest factor

Ventilation openings area
(IEC 60890)

COGMNITO
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INPUT DATA LOW VOLTAGE SWITCHGEAR

Number assigned to each
conductor (#1to# 7)to
visualize results

Geometry and
dimensions (mm)

Input data | see3) uI] Results] Calculaturl \nsulatursl Materials

X=893 Y= 24 ) W

The upper line is for conductors # 1 to # 6, in this
example 2 bars per phase 127 x 10 mm

The second line is for conductor #7 which in this
example 2 bars per phase 127 x 10 mm

Coords [l Thermot Www,ch_:;‘ﬁH 1r.com.Dr EEE Switchadfrd

‘[# N x B¥H IN@#

- ] of
6 !‘ £, I I K I (v

Conductor material

I

e ———_—

=

(o]
£
£n
=

.............................................

salis

[ EEa

Main contacts or joints resistance ohmE-6

Enclosure material Plate {(mm)

SteelLowC_1010 ~ 2,65

tfactor (first currentpeak)  Frequency (Hertz)

Rated volt

[
Flui External temp. C
Wﬁjmﬂi‘

83
LVSW 1

Number of subdivisions in conductor
# 7 and corresponding distance
between supports (in# 1to 6 is 1)

Bar in the Horizontal or Vertical
position

Bar coating: bare, painted

Current applied in the
temperature rise test (A)

Material: copper, aluminum

Circuit Breaker resistance (uQ)
Conductor s# 2, #3 and #4

Rated voltage (V)

Enclosure material

Fluid (air, SF6, ail ...)

Frequency

Short circuit current (kA,,,), duration
(s) and crest factor

Ventilation area, additional power
dissipation (IECE989QR: N 1T O F
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INPUT DATA LOW VOLTAGE SWITCHGEAR

visualize results

Number assigned to each
conductor (#1to# 7)to

Geometry and
dimensions (mm)

The upper line is for conductors # 1 to # 6, in this example
1 bar per phase 100 x 10 mm

The second line is for conductor #7 in this example 2 bars
per phase 127 x 10 mm

Z
L,
L
"
n
|| |

Pg

Input data eeBD\.-'u\] Resuhs] Calcu\aturl Insulaturs] aterials

N ¥ B H MNog Pos

D i K (ovs
£ 09 2 I I o)

Conductor material

o ez

5 F2
i —> >, Y " . .
\ 1 Enclosure material Plate (mm)
- = i - SteelLowC_1010 265
1 _ I [
: N= h | 4 Crest factor (first current peak) Frequency (Hertz)
1 dist (mm) [ '
H wmmJ 22 9 ]
| spacers= [3 \
I ! current (kKArms x s) Ratedvoltage (V)
1
’I_ £90
2215
i External temp. C
I Air - -+ 40 -
|
i —
|
I
1
|
)
1
]
]
i
| !
! L42 7_16 Ventilation opening. | Fyid speed ( ntarea (cm2)
‘ ; { )

.................................................... . —— _

Additional Watts in the compartment ,i
(except busbars, contacts)

84

LVSW 2

Number of subdivisions in
conductor # 7 and corresponding
distance between supports (in #
1to6 isl)

Bar in the Horizontal or Vertical
position

Current applied in the
temperature rise test (A)

Bar coating: bare, painted

Material: copper, aluminum

Rated voltage (V)

Enclosure material

Fluid (air, SF6, oil ...)

Frequency

Short circuit current (kA,,s), duration
(s) and crest factor

Ventilation area, additional power
dissipation (IECE989QR: N 1T O F
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Number assigned to each
conductor (#1to# 7)to
visualize results

Geometry and
dimensions (mm)

The upper line refers to conductors # 1 to # 6 , in this
example 2 bars of 63,6 x 10 mm. The second line refers to
conductor #7 ( here 1x100x10 mm)

Input data | see30Vg Results] Calculamr] Insu\aturs] Waterials

Wl Coords W Thermot www.cogwitor.com.br LR Switchaes

VE x Bx H
1

B

[ 1245

Crest factor (first current peak)

| I

SC current (kArms x 5)

K)B

R

100
450 Enclosure material Plate (mm
SteelLowC_1010 + 28

Fluid External temp. C

¥ —

N I:jﬁ,"ﬁ

05
o) o | YT

'D\r"lH

o

Frequency (Hertz)

N

Rated voltage (V)
13800

M E

85

INPUT DATA MEDIUM VOLTAGE SWITCHGEAR MVSW 1

Current applied in the
temperature rise test (A)

Bar in the Horizontal position

Bar coating: bare, painted

Material: copper, aluminum

Circuit breaker (CB)
resistance (uQ) CB
represented by conductors
#4,5 and 6

Rated voltage (V)
Enclosure material

Fluid (air, SF6, ail ...)
Frequency

Short circuit current (KA ,s),
duration (s) and crest factor

Additional
(except busbars, contacts)

tts in the compartment

B

Ventilation area

(IEC 60890) COGNITOR
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INPUT DATA ISOLATORS

Number assigned to each
conductor (#lto#7)to
visualize results

Geometry and
dimensions (mm)

The upper line ( 1-3 ) refer to conductors #1 to # 3
in this example 1 bars of 40 x 12 mm. The second line ( 4-7
) refer to conductors #4 to #7 ( here 2 bars of 50 x 6 mm)

input data | see30ol | Resutts | Calculator | Insuiators | Materials

id GEOMETRY [ Coords I Decidx _Switehge

A= 1898 Y= 380

N = o I
e O I

1 - 3 Copper M .=..
4 - TR Copper | [ ='“

\ J. 4
N AN 40 1 2400
i 1 Alr v +40
I
| 0 CO d save ne

—
_—

|
o
L
| —
=
.\\ f%
~ iI—IVIainBIadel

.
amuumm [Vain Blade 2

~ e (5round

SWITCH 1 56

Current applied in the
temperature rise test (A)

Bar in the Horizontal or Vertical
position

Material: copper, aluminum

Bar coating: bare, painted

Select the blade which will be
calculated and the type of
arrangement for the “Main

Blade”

Joints resistance (LQ)
Conductor #5

Rated voltage (V)
Enclosure material

Fluid (air, SF6, ail ...)
Frequency

Short circuit current (KA o),
duration (s) and crest factor

COGNITOR
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RESULTS VISUALIZATION - TEMPERATURE RISE TEST

BuswAY ( validated case Busway 3x150x10_CU_R_67131)

Input data | see30Vol ] Results

K=h54Y=4

www.cognitor.com.br TR TN P

dist (mm) 733
Dimensions mm

.=. conductor
S | joint

N = 5 -
SICEEE'I’S = -

810

[N IAP Pos

£ 2 0 I I (= o

Conductor material

» Painted

Main contacts or joints resistance ohmE-6

Plate {mm)}

Frequency (Hertz)

Enclosure material

Aluminum -

Crest factor (first current peak)

Sym SC current (kArms % 5) Rated voltage (V

B B

Fluid Esterrultemp
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BUSWAY ( validated case Busway_3x150x10_CU_R_67131)

See the curves of temperature rise along the conductors See the temperature rise limits in standards

.:. conductor \
.=. jDiI'It \

different points

RESULTS VISUALIZATION - TEMPERATURE RISE TEST

Resistance / phase (chm E-§)
Contacts  BusBars  Total

88

Power digsipation total (W)
Contacts Bars Cthers

| 15| 3| 4
Resistance Reactance Impedance
Ohm E 8 Ohm E & Ohm E -8

| 4 EE A

I 2195

Watts Total

0 0

0

434 1489

2196

Dools =

FIuidTemperAre Rise
/ near top

—dT /g
(o}
(ol
o
1
5
ol i

Temperature rise (K) above the temperature of the external air at




COGNITOR  RESULTS VISUALIZATION - SHORT TIME CURRENT TEST

BUswAY ( validated case Busway 3x60x10_Al_IEC865_2)

input data | see3Dvol | Resuts Becids _ SwitchgeardR
e 836 Y= 573 # N * B* H N (A) Pos
| £ ] T I

‘GEOMETRY: www.cognitor.com.

Conductor material

Main contacts or joints resistance ohmEg-6

Enclosure material Plate (mm)

Aluminum -

Crestfactor (first current peak)  Frequency (Hertz)

2

Sym SC current (kArms x 5) Rated voltage (V)

16 10000

Fluid External temp. C

N = 3 -

dist (mm) 1000
Dimensions mm spacers = [T <]

.=. conductor
B | joint




COGNITOR  RESULTS VISUALIZATION - SHORT TIME CURRENT TEST

BUSWAY ( validated case BusWay 3x60x10_Al IEC865 2)

Input data ‘ zeeiDVol Results www.cogn itor.com.br i EW!'fcﬁ 2

Distribution of forces along the conductars { N/m ) and forces in the insulators Crest current (kAcr) ’ﬂ
1800 oo N r— Y VORI D @ R ¥ USSR J— F R S '
14004 , Tl S ‘. ............ Symectrical current (kA ef) ’715
12004 --ooooeee S Forces - (N)-applied in the-insulators focated-in-the -extreme-of. - ,
1.0004--------- T omeipoeeeaienr B ..~ SRR Assymetry factor 1,91
8001 N each conductor . inthe 3 directions........ X (red),. Y (green) . ... .
igg Tt and-Z-(red)
00 FORCES & STRESSES  Limit values
0 o 3] 3] 3] T 3] ] 7] O
2004 T T T T e T R e T E L PR PR
). Forces distribution ... Maximum values. which.can be applied in the insulator.or_.... . o
A (NIm) maximum values of mechanical stress for not having a visible - | ;) [ a0 SEE
0004y permanent deformation................... -
200 g o
A0 - -
B B e e e o e

222222333333333333333344444455558508058080808050080808086BRBGT7T7TTT
MNumbers of the conductors as side by side

Mechanical Stresses in the conductors (N / mm2 ) 180

[ Plate

Forces X(N) | 1511 Compression| 60000
Forces Y I:N)’—ﬂ Tracion| 2000

Flexure | 10000
Forces Z (N}’—[] .

Compare the force direction (XY .Z) with
the type of reaction consideringthe o | 200
insulator position

‘ Minimum required Cross Section (mm2) 1477

kArmS 16.0 Duration (s) 1.0
‘Aluminum Calc

[ iCalculate temperature reached with another areg R_

N 277333333333333333333333333333333339444444444445555555055555500505000C0C0CCCOnECoRRnREErERRETTTTTTTTTTT
Mumbers ofthe conductars as side by side




COGNITOR

Medium voltage switchgear

Internal pressure during internal arc (kPa)

160
130+
140
130+
120+
110
100
90
80
70
501

L=

_____________________________ }_J.U.t?tﬂ@!_pr_e_S_S__U_r_Q_Q!Qng_t%_t_d_u_f_@t_ign___C_!J_ryg___________________________________________ v

pro 4

______________________________________________________________ Performance indicators , plate deflection” =
Arc voltage burnthrough o

IR A 4 42

Time along test duration (ms)

91

RESULTS VISUALIZATION -INTERNALARC TEST

( validated case MP1 CB31IArc_valid ROZV050U

Pressure peak (%) 50
kPa  [1g2
Overpreszure duration 46

Integral detaP *dT* E+3

36

Minimum plate no burnthrough |[n1m]|‘1.‘1‘1

Burnthrough % of plate thickness I 23
M. deflection / deformation (mm) | 0,71
Arc current - pressurized (Arms) |35300

¥ Checked if switchgear inductance considered

u
5%

Arc Speed  (mis) 3

RELIEF AREA (m2): this area is calculated 0,248
as the product of the dimensions showed

in the geometry. If there are grids ireducing

the area consider it in the geometry

Arcing time (ms)

Arc voltage (V)

Vol each column  x ocupation % = net md

oz [0z [ oss [ (o

IMP1_CB3‘1 [Arc_valid_ROZV050U

o |

T LTAT T TN
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TEMPERATURE RISE

Supportability of materials,
overloads, ageing and loss of life.

Design issues that affect temperature
rise test results.

COGNITOR
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TEMPERATURE RISE TEST (fundaments)

‘ ,,,,, g e e

* Mount the equipment as in normal use - /
- Site without air drafts - /

« Apply the permanent rated current 1/

COGNITOR

« Wait for the temperatures stabilization (hours)
« Measure the temperature rise of the relevant points specified in the technical
standard (above the temperature of the external air)

« Compare the measured values with the limits prescribed in the standard

« Knowing the temperature rise during the test we can know what would be the
temperatures if the outside air temperature was, eg 40 ° C.

* Register in the test report the relevant parameters. Technical standards should specify
this clearly but there are important omissions.

*As the standard do not emphasize what shall be identified, most test reports issued by
laboratories are poor from the point of view of photos and drawings not permitting a
reliable comparison between the equipment which was tested and the equipment which
IS commercialized.

COGNITOR
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COGNLIOR TEMPERATURE RISE TEST

READ THE FOLLOWING PAPERS AUTHORED BY SERGIO

VALIDATION OF TEST REPORTS ISSUED BY RECOGNIZED TESTING LABORATORIES

A "GUIDE" FOR THE USE OF CALCULATIONS AND SIMULATION OF LABORATORY TESTS FOR
INCREASING THE COMPETITIVENESS OF THE ELECTRIC INDUSTRY

VALIDATION OF SIMULATIONS OF ELECTRODYNAMICAL FORCES, TEMPERATURE-RISE AND
INTERNAL ARC TESTS IN SWITCHGEAR (and main parts of a code to do them)

CIGRE Technical Seminar "Modeling and Testing of T&D Switchgear" March 24, 2010 Brisbane —
Australia

SWITCHGEAR , BUSBAR SYSTEMS and ITS BUILT-IN COMPONENTS: SOMETHING IS MISSING
IN IEC and IEEE STANDARDS

Published in Energy Pulse weekly, September, 28 : 2010

COGNITOR
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TEMPERATURE RISE TEST
Fundaments of the values of temperature rise specified in the IEC standards

96

« Avoid to accept test reports which do not inform whether the equipment passed or failed the test. It may not have
passed and sometimes it's hard to know without knowing well the standard

« If certain limits specified in the technical standards are exceeded parts may have accelerated aging or even
destroyed in a small time

Contact material Temperature Tempeaeratura
Fart and Rise max. (°C) Comments
medium where It is used max. (K) amb 20°C ambient 40°C
Copper and copper alloys
SPRING unc cated -in air 35
CONTACT - in SF& S0
- in oil 40
Tinned inair, SF& oru oil 30
Silver or nigqusal plated - in air 55
- in oil S0
For contactors in oil 105 Oil deterioration
Copper , aluminum and alloys
BOLTED uncoated in air S0
uncoated in SF6 55
CONTACT  Itinned in air or SF& 105 Tin "creep point”
Silver or niqueal plated air or SF6 75
Silver or niquel plated in cleo 100 Qil detericoration
For contactors in oll 105 Oil deterioration
In contact with insulation class
METALIC = Y A E a0 /105 / 120 | Isclation ageing
PARTS o B F H 30 f 155 / 180
e Acting as spring CAas0 a caso Permanant
e In soldering position 100 deformation
/Break
SURFACES |Can be touched (met / non met.} 70 a0 Do not injure
Acessible but not touched a0 L= 0] persons

OR
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PARAMETERS IMPACTING THE RESULTS OF
THE TEMPERATURE RISE TEST

 Main contact resistances (and not only the total resistance per phase)
 Type and area of ventilation openings

* Cross section and geometric position of the bars (vertical, horizontal)
* Materials of the bus bars and their coating

* Air openings between compartments

* Pressure relief devices

Technical standards do not address the relationship between the
temperature rise test and the internal arc test (should do it)

COGNITOR
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TEMPERATURE RISE X CONTACT RESISTANCES

7,
7
7
Z
Real values Standard values
4 & 6
P SEa SR e TRt |
4 ;ﬁ L. Iy ©11 S )
; AT, AT,
A . i
7 ; e < o
;; Anl &k §
é o == — EEIDENT. TGS, (e L--L- ---------------------
[ |
4 AT, [ i .
7 \- /) 9 — ; —-
7 :
7 :
s ; : i

Distance from joint

X
t 383/88

AT

COGNITOR
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Why the standards should request the main contact resistances
measurement and not only the total resistance per phase

Total resistance per phase (circuit breaker + busbar + connections) = 72 pQ
Circuit breaker resistance per phase = 18 pQ

75

104

S SR SO - YU APPROVED. ... ... ..

=
&0

551

a0

45 ]

40

33

30

29
204
154
104

Values along the distance if all the phase conductors were side by side

............

COGNITOR
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Why the standards should request the main contact resistances
measurement and not only the total resistance per phase

Total resistance per phase (circuit breaker + busbar + connections) = 72 pQ
Circuit breaker resistance per phase = 30 uQ

—
Yalues alang the distance if all the phase conductors were side by side

NOT APPROVED

COGNITOR
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Contact resistance

. ¥ HH ;’IIIIIII :
M ARAE
* N small contacts t\{\\“ //’/’ N/ “J’Y\/'//

n=n HOSBFO?2 Y

1, ~2.5:0°(S)) I

with radius a

a = F - - -
7 ELH

F = force in the contact
* H = hardness of the material
= roughness coefficient~0.3a 0.6

Virtual contact with N elements in

Jw

paralel with a radius d

High temperatures accelerated the oxidization in the interface surface
)R




COGNITOR CONTACT RESISTANCE 102

o
RC — /O —+ > 2
2-772aa  77.77.84

‘O 0‘
L 4

*
Constriction resistance (geometry) *e,
Resistance due to the oxide layer in the
interface of the contacts

o, = surface resistivity (function of the
thickness of the oxide layer)

p = material resistivity
a = radius of each small virtual contact
n = number of virtual contacts

5 7/
: \
P ~ Ve
-
-
i erbolae e
FIG. 2. — Equipotentials and lines of current at an elementary contact point. @
’
L~
/ N
! \

380/88

COGNITOR




CONTACT RESISTANCE

RC L_FL

— 2
2.n.a n.o.a

a= 0 _85x10°m
18.7.(0.45).(5.5x10°)

n=2.5x10" x(5.5x10°)" +100°* =18.2 =18

p=1.78x 108 Q.m
Gy = 5 X 1042 Q.m?

R. = 6 + 12 =18 u0

C

COGNITOR



CONTACT RESISTANCE

104

Table 1 - Typical values of tunnel resistivity

COGNITOR
Re= Ky * F98 + K, * g, * F1
C 1 2 0
Constriction resistance k Film resistance k,
Metal %106 % 106

Copper a0 247

Brass 360 450

Aluminium 130 135

Almelec 150 135

Silver a1 275

Tin 400 228

Nickel 420 585

silvered copper 8a 224

Tinned copper a7 22,0

Tinned aluminium 93 225

Silvered brass 30 225

Tinned brass 200 22,5

Metal State 6,
0 m
Copper New 1 3y
oidsed |1
R LA U
sl L5103 12
exceptionally upto 2,5 x 10"
Alurniniun Tt g 1

Copper contact silver plated with force 100 N oxidized

R.= 88*10°% * 10096 + 225+10°*5*10'>* 1001

R.=(5,55+11,2 ) * 106 = 16,7 pQ

COGNITOR



G typical values

T

New 2x 107 2to3x 107!
Copper Oxidized 10"
Tinned 1072 tod4x 107"
Silver 4.6x10" B t04x 10712
andupto2.5x 10~"
Aluminium 7%10""to 1077

Go (Qm’) A
10-3
I a7
\0 Q/’
o\
Q\C\Y;/
10-4 A
& ”
I
-5
10 4
10-6¢
g
10‘74_
4
10-8¢
i /:uzo
10-9 i /
Ni O
jr Ag2 S
1
10-104 Vd <
j* Sn0O
] /
10-1
] /
l (1A = 0.1 nf
10—12 - L =ttt T Tt .
102 103 s(A)

See IEC 60943

VALORES TIPICOS DAS CONSTANTES DE ]
RESISTENCIA DE CONTATOS PARA SUPERFICIES

RAZOAVELMENTE LIMPAS

1/n_gh(o.lsns F-96 4+ o, £ H F-!
ng

R.=k; F706 + kl Go !
Metal Constriction résistance Film resistance
-5 +6

Kqx 10 K5x 10
Copper 9 247
Brass 36 450
Aluminium (ASL) 13 135
Almelec 15 135
Silver 8.1 225
Tin 40 22.5
Nickel 42 585
Silvered copper 8.8 225
Tinned copper Y 225
Tinned aluminium 9.3 22.5
Silvered brass 31 225
Tinned brass 20 22.5
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TEMPERATURE RISE CALCULATION AT,
over the temperature of the surrounding air Te

Joule effect Sun light if applicable Eddy currents

/

/
ag - (T + AT, —273.15)a + 1] Ro 12+ r i S, * Voo
S (TLAATY—T¢ . 4

Bl [O’E + N,

| ateral area Radiation losses

Convection losses

Eddy currents= W4, = K, *B2* 0 2 * €2 * p * volume 4josure

K, = adjustment B = magnetic field 0= 2**f
e = plate thickness p = plate resistivity
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These tables are not sufficient to design because joints
and contact resistances are not considered

Copper conductors of redtanqular cross-zection in indoor installations. Ambient temperatura 35 *C. Conductor temperature 65 °C. Conductor
width vertical: ¢learance between conductors equalto condudtor thicknass, with altemating current, clearance between phazes = 0.8 x phase
centre-line distance.

Wickh Cross- Weight! Matenal®  Continuous corrent in & Cantinuous currert in A
¥ section AC upto @) He DCand AC 1654 Hz
thickress pa.inted bare painted bare

ro. of conductors ro. of conductors no. of concluctors no. of concuctors

1 2 i 4 1 2 3 4 1 2 3 4 1 2 g

50°) 50°)

i e kg N | |1 1 1 | | | 0 L 1 | T | 1]
B0 & 249 222 E-CuF3F A79 1140 1330 2010 B33 994 1240 1920 703 1170 1370 BeE 1020
BO10 499 444 E-CuF30 1020 1720 2380 2950 862 1810 2040 2600 1080 1830 2380 ars 16810
O & 299 265 E-CuoF30 A28 1330 1810 2310 &35 11680 1440 2210 83 1370 16830 2080 6% 1130 1970
BOx10 599 833 E-CuF30 1180 1980 2610 3290 985 1720 2300 2900 1230 2130 2720 3830 10201470 3390
A0 B 399 385 E-CuF30 1070 1630 1830 2830  A885 1460 1780 2720 1090 1770 19% 26 202 1 b0 2 480
010 799 T E-CoF30 180 2410 3170 3930 1240 2110 2790 34680 1690 2730 3420 4490 1310 2380 4 260
100x & 499 444 E-C 1300 2010 2180 330 1080 1730 20680 31 40 2180 2380 3080 1110 1810 2880
10010 958 A8.89 E-Cu g10 2480 3720 4630 1490 2480 3260 3 1940 3310 9100 6310 1600 24890 518D
12010 1200 107 E-CuF30 2110 3280 4270 G130 1740 2880 3740 4800 2300 3900 4780 G2F0 1830 3330 G010
16010 1600 142 E-CuF30 2700 4130 68380 6320 2220 3830 4680 6A% 3010 5080 G130 &0 2470 4 400 7710
H00x10 2000 178 E-CuF30 3200 4870 6430 T490 2690 4310 6610 S840 3720 6220 T4R0 9730 3040 5390 9390
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Busbars tables ( without neighbor contact resistances)

X

Actual use with connections, circuit breakers, fuses

Current Ventilation Watts Volume Busbars Temperature
area Additional in compartment mm rise
Amperes cm? the volume e.g m3 K
boxes
1490 200 - 0,8x0,8 1x100x 10 29
X 2,3 (nua)
1490 200 - 0,8x0,8 1x100x 10 24
X 2,3 (painted)
1490 - - 0,8x0,8 1x100x 10
X 2,3 (bare) 34
1490 - 1000 0,8x0,8 1x100x 10 64
X 2,3 (bare)
1490 - Contact 0,8x0,8 1x100x 10 54
45 puQ (100W) X 2,3 (bare)

(caso teste 1 x 100 x 10 mm Switchgear BT )
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EFFECT OF THE PARAMETERS INFLUENCING THE TEST RESULTS

* Without ventilation openings

* With ventilation openings and with/without forced ventilation
e Changing the ventilation area

* Bars painted or bare

e Bars arranged horizontally or vertically

* Different values of contact resistance

METHOD FOR THE CALCULATION OF TEMPERATURE RISE
(See equations at the end of this file)

- Calculate the temperature rise of the internal fluid using IEC 60890 method (see
also IEC 62208)

- Calculate the temperature rise of the conductors above the temperature of the
internal fluid

- Add the two values

COGNITOR



AGING MECHANISMS - ELECTRICAL CONTACTS

Bi-metallic contacts: higher voltage = more oxidation (acceptable <0.5 V)

Reduction of the cross section of the elementary contacts
Small relative movements which decrease further the area

Growth of the oxide layer at the interface

77188

178/88

\
380/88

) R




HIGHER VOLTAGE = MORE OXIDATION (ACCEPTABLE <0.5V)

TABLE II1
Voltages in 10-2 V developed on bi-metallic contacts
Anode (-) .
B
(=] i
il ~ 2 S =
3 | S * | o <o = o
= w — 8 E o (=1 —— * <
= S ] 2 Z S| = E|E 8|z E
£ e P %] Sl e 2 < | 8 g 2121 BEl.e]E =
B ool v W I S L L = el e S| = -5 | EIE| §|F 2
L | < = L= 2. 5 2= &z = - 15 | £ | = =3 = E > o £ cco
=2l | ElEl=2]lo|Bls8lslel&lesl siz2lEB]l3]lal2|l=l28|E
= — S — P> = -~ + = . — © e - = — co— 4
Cathode (+) D Z | =2 |00 | wv|lal|l=z|l@|lE|lE|lF|3|lO]lal<l=|C|l0|IR|Q|=
Silver 0 IS117 |19(19 |21 123 (25]|26(133 147 |48 |51 |Ss6 |71 17277 |77|79]109|110[111]159
Nickel 02 104|104 |06 08|10 |11 ]16]|32|33|3 41 |53 |57 |62 j}.__% 94 |95 |96 (144
Monel (30% Cu) O 1020204 (0608|0916 |30|31(134|39|54/(55 {0 60 | 62 62\ 93 194 |142
Cupro-nickel (70-30) 0 0 |02|04|06|07 (1428291323752 3[S58|58 60|90 \9\1 92 1140
Copper 0O |02|104|106|07|14|28|29|32(|37|52 (53 58 [58 |60 |90 9* 92 {140
Silver solder 0O (02104 (0512|2627 |30|35]50 \§I 56 [ 56 | 58 | 88 §b 90 |138
Bronzes* 0 |02]|03]|10]|24(25]|28(33 |48 4\‘ 54154 |56 |86 Y87 | B8 136
Red bronze 0 |o1|06|22|23 (26|31 46|47 ]|33ls2]|54}8a ]85 |86 [134
Brasses* 0O 07121 |22|25(30|45]|46 |51 (5153|8384 |851(133
Stainless steels* O |[14]15)18|23 1383944 46 |76 |77 | 78 |128
Tin O [01 |04]09(24|25|130|30(|32(62|[63]|64]112
Tin-lead solder O [03 1082324 (2090|2931 |61 |62]|631]111
Tin-silver solder O |O5]120(21|26|26[28|58159]|60]108
Lead O |15]|116(21 |21 (23|53 |54|55]103
Cast-iron O |01 [0O6 |06|08 |38 |39|40 |88
Steels O |05|05{07 |37 |38|39 |87
Aluminium alloys* 0|0 |02]|32]33|34)|82
Aluminium 0O |0232|33|34(82
Cadmium 0O |30]|31]|32]|80
Galvanized iron or steel 0O |01 02|50
Zinc alloys* 0 |01 |49
Zinc 0 |45
Magnesium alloy* 4]

*Characteristic values.
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ASSESSING THE AGING

Influence of the temperature (T, e T_,) and temperature rise (AT, and
AT,,) In the aging

(ATH_AT;Q)_I_ (lo1=1¢2)

K=2 * -

1 hour of operation in the condition 1

K X 1 hour of operation in the condition 2

A, and A, are functions of AT,

e
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(AL -ATH) | TerTed)

Assessing the aging o A %

+Copper electrical contact initially with temperature rise equal to 35K
*Apply overload so that the temperature rise above ambientbecomes 45K

Constant A, = 6K for AT, = 35K (Figure B)

(35-45)

K =2 ¢ = 0.315

Life expectancy in the conditions of standard (suppose 10 years) will
be multiplied by a factor of 0,31

You need to buy 3 contacts in 10 years instead of just one

COGNITOR



nction of temperature rise of the contact

A; (K), doubling constfint as a

A :
|
! ATy - ATz
i Al
10 Ki=2
9
8 -+ )—(
Ik g

) |~ b

6 -
"; A4
4 ] ik
/
-
,2""* ’

3

—
2
1
0 4 - o

§ 6~ 748,89 10 15 20 30 40 50 60 70 80 90 100 A T;(K)

? 381/88
FIG. 10. — Doubling constant A; as a function of temperature rise (for copper contacts).
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Example with  ATi1 = ATi?

(AT —ATH) | (Z1-Fe2)
+ 4,

K=2 *# oo

.Copper contact initially at temperature rise of 35K and room temperature 20°C
Increase the air temperature in 8K becoming 28°C

.The doubling constantis Ae = 8K at AT,; = 35K

(20-28)

K=2 ¢ = 0.5

Life expectancy Is multiplied by 0.5

(if 10 years is reduced to 5 years)
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HE.
0+ =
it ulA e (Ze1-1e2)
.:Q_
s§ A,
£Z 12 K -
mc o
: 2
c 1 | I I 1 I I | l,_,
8§ M | =
g's | =
:3: 10 — ,,«1’_"‘.: I
® 1 7 T T + b-?- I
— 9 < ~ o &
% | = ; ]
q | T _
8 3
B ’
= TI11:
ol 1 !
6 [ (K) -
0O 10 20 3 40 50 60 70 8 90 100 10 120 130 140 150 160 170
AT (K]

Doubling constant A expressed as the required temperature rise of the surrounding . e
fluid, as a function of the temperature rise AT, of the contact (contact matcrial: copper, ~ fluid: air).
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TEMPERATURE RISE UNDER SHORT CIRCUIT

» Adiabatic process Q =mass x specific heat x temperature variation.
e The conductor cross section shall be sufficient to avoid that the conductor at an initial

temperature © 1 do not reach the annealing temperature (1802 C for aluminum or 200
° C for copper)

I, x 1000 x sqrt(T)

Qxsqrt(4.184 x(Cxp,/ p, xa) X In[1+(a(6 __ —6,))])

| « = short circuit current rms symmetrical (e.g 50 kA)

T = duration in seconds (e.g 1s)

Q = conductor cross section (mm?2)

C = specific heat (e.g. copper = 0,0941 cal / (gr.C)

P = density (e.g copper = 8,9 g/cm3)

P, P,y = density at the desired temperature 202C or 0,
®,and O .., = initial temperature and annealing temperature

Ol = temperature coefficient (e.g. copper 0,004 )
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Example for grounding busbar:
Short circuit at |, =31,5kAef t=1s

Calculate the area Q necessary to not pass the temperature of 200
> C (annealing of copper) for a conductor initially at 40°C.

31,5 kA x 1000 x sqrt (1s)

Qxsqrt( ( 4,184*%0,0941x8.9/p  .0,004).Ln[1+0,004.(200-40)] ) )

P, = Py X (1+0,004.(40-20))=0.0178x 1,08 =0,0192
Q > 195 mm?( current density 161 A/mm?)

For example a 50 mm x 10 mm would attend well the thermal requirements
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COGNITOR THERMAL CYCLES

-Soldarad Point

IR [z 2]
. . Sross—sachon”7774 oty (INEUTRAL POINT:T)
\ S2 o . -
Publication SR
Overload Tests for P )
Fuses Used in Rolling-Mils; International S3<St 3 A ‘E’IE;"NPQE;}J)URQ
Conference on Fuses and their T N

Applications, Nottingham-UK, 1991.

=2 fuse elements paraleil

S o B e b s b o o o W S P length = A <O, O rvmam

5 ¥ * ¥FF¥IFr¥r rrry S—spacing = 1.1 mm
w force p— £ —_— o
- Sharacteristics of lengTtiMh L L0 N
elaments current — 2440 A Selement

- silver >
— eSO . SISMmmicross —sacfion )

— weight — O, 2 kg cm (grt) S
- MNMatural frequency (without sond)-—foo_‘=' Q‘E:E'?—_—z—- Eg.f* = 44X 1=
- Natural frequency (with sand & L mrn ) TP!EI"
V-E_.Tl 1 A rmarm
12 =¥ = H a5 FOO_ =845 kiiz

foo sm/iac= ot

fFforce = \/ fa- FOoOrcs

: actual calc.
—_—t -
H ‘. wrat h somnad
T—wwithout sand foo
+ ———
.0 23 T
F igure & — Electrocdynamical siTresses

L = B B B | JR
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OVERLOADS IN POWER TRANSFORMERS

(previous)

Loading

P<= 100 MVA P> 100 MVA

Normal condition 150% 130%
Emergency (long c‘i_urationh) 150% 130%
Emergency (short duration) 150% 140%
Loading Temperat.ure Temperature
at top oil hot spot
tr55°C tr65°C tr55°C tr65°C
Normal condition 95°C 105°C 105°C 120°C
Emergency (long duration) 105°C 110°C 120°C 130°C
Emergency (short duration) 105°C 110°C 130°C 140°C

COGNITOR
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2011
Temperature rise limits

Requirements Temperature rise limit K
Insulating liquid (top) 60
Winding (averge)
ON ... OF 65
OD 70
Winding hot spot /8

H Fator “hot spot” =Q xS

Q — local temperature rise due to higher local losses
S - local temperature rise due to the variation of the insulating oil
temperature along the height

COGNITOR
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COGNITOR

TRANSIENT LOADING

Ponta de carga- 140 %

Carga inicial = T0%

S

s ——————

COGNITOR
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IEC 60076-7 - Power transformers

Part 7: Loading guide for oil-immersed power transformers

200523

Table 4 — Current and temperature limits applicable to loading beyond nameplate rating

Types of loading

Distribution
transformers
(see Note)

Medium power
transformers
(see Note)

Large power
transformers
(see Note)

Normal cyclic loading e ==

Current (p.u.) 1,5 1,5 1,3
Winding hot-spot temperature and metallic parts in 120 120 120
contact with cellulosic insulation material (°C)

Other metallic hot-spot temperature (in contact with oil, 140 140 140
aramid paper, glass fibre materials) (°C)

Top-oil temperature (°C) 105 105 105
Long-time emergency loading

Current (p.u.) 1.8 1,5 1,3
Winding hot-spot temperature and metallic parts in 140 140 140
contact with cellulosic insulation material (°C)

Other metallic hot-spot temperature (in contact with oil, 160 160 160
aramid paper, glass-fibre materials) (°C)

Top-oil temperature (°C) 115 115 115
Short-time emergency loading ———————

Current (p.u.) 2,0 1,8 1,5
Winding hot-spot temperature and metallic parts in See 7.2.1 160 160
contact with cellulosic insulation material (°C)

Other metallic hot-spot temperature (in contact with oil, See 7.2.1 180 180
aramid paper, glass fibre materials) (°C)

Top-oil temperature (°C) See 7.2.1 115 115

NOTE The temperature and current limits are not intended to be valid simultaneously. The current may be limited
to a lower value than that shown in order to meet the temperature
temperature may be limited to a lower value than that shown in order to meet the current limitation requirement.

limitation requirement.

Conversely, the

MU\JI\IIIDR
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SHORT-TIME WITHSTAND CURRENT
and
PEAK WITHSTAND CURRENT TEST

(testing and simulations)

Electrodynamical forces, mechanical stresses
and supportablility of conductors and insulators.

COGNITOR



COGNITOR F=Fx (x) + Fy (y) + Fz (Z)

dF/dm = dFx/dm (x) + dFy/dm (y)}* dFz/dm (z)
Neighbor conductors

Current I, in conductor #1 produce magnetic
field B1

Field B1 interact with current |, in conductor
# 2 producing a force

dF = 1,.dI x B,

Forces bend the conductor and are transmited to
the insulators
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IEC 61117 — A method for assessing the short circuit withstand
strength of partially type tested assemblies (PTTA)

with some adaptations by Sérgio

1) Calculating distributions of static forces by the equations

2) Convert “static forces” on "dynamic forces"

3) Calculate forces in insulators, shear forces and bending
moments diagram.

4) Calculate mechanical stresses in the conductors
(bending moment divided by the section moduli)

5) Compare tensions in the conductors and forces In the

Insulators with supportability limits
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CALCULATING DISTRIBUTIONS OF FORCES  (Sergio’s M.Sc. thesis)

F I _ i~
=ﬁ@01112/4w.sen2a.mgLl/VmZ—ZLOCOSa m+LS+Sf'(/mz-ZLocosqm+L2+ST+

0

+Ly—m cosa))] - [1//m?2-2Lcose m+L2+S2 (/m2—2Lcosam+L2+S2#L—mcosaﬂ]}

(3.1)

|

| ' Y

—;;X =|-@01112/4@.cosa.s{EL/UhZ-ZLocosam+L6+sz (/m2—2L0cosam+L8+Sz+
|

+L0-mcosa)]—[l/@mz—ZLCOSam+L2+SZ'(/m2—2LcosajL2+S?+L—mc05a»]

n
(3.2)
anl
. =I_ 2 Sl
w—t @0I112/4ﬂ.cosa.sena.m{ [1/¢/m -2Lycosam+Li+S? .
|
_____ I
.(/m2—2Locosam+L8+S2+L0—mcosa»]—[1/Uh?-2Lcosam+L2+S? .
.(/m2—2Lcosq;P2+S2+L—mcosa»]} (3.3)
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PARAMETERS INFLUENCING IN THE
ELECTRODYNAMICAL FORCES AND STRESSES

Geometry and distances between phases
* materials
« Short circuit currents and its asymmetry.

« Supportability (tensile, compression and bending) and

distance between insulators
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PARTICULAR CASE (parallel conductors

aFy /oam

Several “non-
______________ parallel
2 conductors”)

[ o — — — — —

I
: _a;x =: _@01112/4,9, .S {[1/(/,“2_21,0. m+L3+Sz C /mz—zLo -.m+L(2)+s2'- +
e o [
+1L.,—me .)]—[1/(/m2—21,.m+1,2+52 T (vYmZ—2L FLZ+SZ2+L—m« ))j;
FE = o8
| - =
| — O
| i
[




COGNITOR CALCULATION OF PARALLEL CONDUCTORS

_H
— FI:I
T T T T T T T T I i_| ——
i vy oty o 000 0Q0 B8
——= = = == —=FI
3 3 * I 3 ll : 41_|_j —
?-l ¢ I l T (T
VG i T// 7 7Y I
- ) - . ) _ Fn-1
| ft.:_fa___l ,}Z Main conductor stress: On =V, - V.- B J;E—E;-—_-E
. i ———T— * Sub-conductor stress: o =V, V- 163—-;:
= —
ey e a When considering the plastic deformation
L
‘%—:4—= - : 1 E_t_' Vi-V, = V.-V, =1 intwo-phase a.c. systems
[
— ol V..V =V_.V =1 in three-phase systems without three-phase
T + a r s r
1 = = ' = g auto-reclosure
2 %E_{” V.-V, = V.-V, =1.8 in three-phase systems with three-phase
3 <= = auto-reclosure

. The resulting conductor stress is a combination of the main and sub-conductor stress:
The electrodynamic force
. . Oyt = O + O
between the main conductors through which the

i = same current flows is Fy=V.-V..a-F,

The force F,; on each support:

with
— Ho .j2. i
m 20 P g Ve-V, = 1foro,208-Rys
0.8- Ao i
. . Ve-V, = ———— foroy, <0.8- Ry
or as a numerical equatlon Tiot ’
1 I However, in two-phase a.c. systems Vi - V, does not require a value greater than 2 and
— j2 — j2 in three-phase systems no areater than 2.7.
F. _G.E-rpz-éorFm_D.1?3-13-a—. p v a

If the main conductor consists of t single conductors, the electrodynamic force F,
between the sub-conductors is

U N ABB Switchgear Manual
F, = i : (—?) : é ABB Pocket Book - Switchgear Manual - 10th revised edition
Edited by ABB Calor Emag Schaltanlagen AG Mannheim and ABB Calor
or as a numerical equation Emag Mittelspannung GmbH Ratingen
I Published at: Cornelsen Verlag, Berlin  ISBN 3-46448236-7

F. Gz(j”)zs
s =V \t) =&

Numerical equations with i, in kA, F_,in N and I in the same unit as a. COGNITOR
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used in simple calculations)
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maximum forces are in the central Phase B if highest crest in the external pole (Phase A)

Three-phase short circuit - 3 bars of length L and distance S between phases
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CONVERT “STATIC FORCES’ ON "DYNAMIC FORCES"

F : _ F - X Y value factor (function of fo/f in X axis)
dynamical static

5 T T
I
"w |
20 . T
13 1 -
16 ment ¢ pontes Ae B
14
4
10, 1
) ¢
L AR
0 & p—- —— " { f 1866 E\h
0.9 AP Tl Sl VR 1 Ji i J,_._l_ r —L.-J-— CE—
L1 018 02 03 040005138 1012148520 paowarmenc © f 2
! P o s O e o o e O I gt
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CALCULATING FORCES IN INSULATORS, SHEAR FORCES AND

BENDING MOMENTS

10N

Forces
A B C

SN T TSN Reactions
) 2,0m o 2,0m -
VIN] A Shear force M (N A Bending moment
5.0 M = integral of the curve V
10.0
2.0 4.0
>
X [m]
-5.0
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@p 3) >IALCULATING FORCES IN INSULATORS, SHEAR FORCES AND BENDING MOMENTS

Forces
20N/m
B
Reactions
100N 10m 100N
Shear force Bending moment
M = integral of curve V
VN M [N.m] T 9
V(x)= 100 - 20x 250 M(x) = 100x - 10x2

5.0 10.0 x [m]
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CALCULATING FORCES IN INSULATORS, SHEAR FORCES AND BENDING MOI\/IEI\{IKTS

« \We have In each conductor the values of

oFx /am oFy /om oFz /om

obtained from the general equations and then T Ra TRb
multiplied by a factor dependent on f,/f

« Calculate the reactions R, and R, by the method of
moments.

« Calculate the shear forces diagram

» Calculate the bending moment diagram

COGNITOR
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CALCULATE MECHANICAL STRESSES IN CONDUCTORS

Mechanical stress

Section moduli to
bending (W)

Cross-
section

Moment of resistance
bending"
p—
cm?

=0.14d°

136

= Bending moment at the point

Section moduli to bending

Inertia moment of the beam

Highest distance from the axis to any part of the beam

Moment of inertia

axial?!
J
cm?

= (.05 d*

D4 - g¢
T2

b1
12

4 y
d
r-ldf'* d 1
I A
F - ! b F = /] f h
1A A0 UY
t-ﬂ' - - d1—|-Lj
BII-I - -E —
Jo= 2igaogs )= L giog
¥ ﬁ( - } ' ﬁ{ —Uy+Us- 3]
7, - —(B-a%) Z,- —(B-d3+0Y) Z,= — (B%-d%+d}-dj
' %8 = 5B '~ 5B
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COMPARE STRESSES IN THE CONDUCTORS AND FORCES IN

THE INSULATORS WITH SUPPORTABILITY LIMITS

STRESSES - CONDUCTORS

FORCES - INSULATORS

( traction, compression and flexure)

O; <O,

O,+0; <15*0,,

O,, copper = 250 N / mm?

O,, aluminum =120 N / mm?
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ATE-EIAZ0MLT 10 L2 2 B 13 E B N 5 175
ATS-TTA S0 MLT 10 60 M OTT 10 45 4 20 5 190
ATE-SA 20 MLT 10 50 B M1 S N 4 180
ATE-11BM30MT 10 S 2B MNME1WE - 10 q 07
ATIS-TSN S0 MLT 15 L MW OTE150045 - MW 4 |
ATIS-TSN TS WMLT i 10 Sl TS ITE 45 W M & 20
ATIE-EIN TS MLT fl 110 S0 83175 50 46 X 6 20
ATS-TRH0 MLT 4 150 @TE oHD 45 B W # ns
ATIS-000 MLT M 150 S0 90 M0 S0 4 B 8 300
ATIS-E20300 MLT k. 170 o &2 045 B o0 N 05
AT/E-G0E00 MLT i 1m T 80 300 40 3 oW N 5
ATIS-S30500 MLT k. 170 70 98 300 B0 46 20 1 480
ATEAMAETIMLT 35 170 Mmoo - - "N =0
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Examples with the software
v See forces distribution dFdM Values along the distance if all the phase conductors were side by side.

= Forces X (N) # Force Z (M) -- Module R = dFidm X ~—dF/dm Y Force Y (N} ~ dFidm Z i

L1 111 T e

Forces
1 e e
311 o P T

E OO0 et P —— oo LY e N

131 ..
B 1 T T e
0 02z 04 0B 0B 1 12 14 18 138 2 22 24 26 23 3 32 34 36 38

Tend™ Graphs i condutores (M /mm2 )

14 18 18 2 22 24

Comprimento ao longe dos condutores da faze

Module Mech Stress H

Module Mech Stress V]
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R L s current CURRENT INTERRUPTION IN
CIRCUIT BREAKERS, FUSES AND
SWITCHES

B rC

Cold characteristic of the
circuit breaker above TRT

Higher slope (frequency) and higher
peak is worst

e __— TRV depend on the
R, L and C of the
network

s

V max =\/?- Voef f.-""

System -
voltage

e b B T N J

E— L .
R 3?.-_

Arc voltage )

\

-

Current Breaklng moment
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Auxiliary contact

Resistor

e e ——
— '- _
’ I o o

Grading
capacitors

Isolation tb
ground

Hydraulic actuator

SF6 Puffer -550 KV

COGNITOR



cOCNLIeR RESISTORS (before making / after breaking) 14

MAKING —I‘]_|'L|'|_,—t/1 BREAKING:

2 /,
LClose contact 1
LClose contact 1 aOpens contact 2
LAfter time interval close contact 2 sAfter time interval opens contact 1

sOpens contact 1

Typical 600 Ohm during 16 ms
Typical 400 Ohm during 6 to 8 ms
. equalization of voltage in chamber (50 000

. Capacitor bank switching (energizzation and ohm)
back-to-back)

. reduction of TRV for terminal faults and km

. energization and reclosing of long lines faults

. reduction of overvoltages in breaking small
capacitive and inductive currents

. “inrush” currents reduction and no load
transformers switching

COGNITOR



COGNITOR 142

CAPACITORS FOR EQUALIZATION

Increase C,  puting  Cg,qine N paralel with C

I _
U, U > —
, 2 [_J1 CS U2 CS — —
s [U
v . |_||__|' 1 = Y
= - T - U | == =Cl“
s [-2

145 kV - 1 chamber

CS = 520pF 245 kV - 2

C; (substation) = 5-10 pF 362kV-2-4
500 kV - 4

Cg (SFg) = 50-400 pF 800 kV - 8

Co ading cap. = 100-2000 pF

COGNITOR
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-~ COMPRESSED AIR CIRCUIT BREAKER

Arc extinction by compressed air
stored at high pressure

Air 35 bar

Blow in the contacts area , cools

Valves

and compresses the arc

\Contacts

to atmosphere

—=>

Expansion volume I

\

OIL CIRCUIT BREAKER

Decomposition of oil produces gases

Contacts move away exposing openings through
which gases pass the chamber due to the high
pressures..

Arc elongates and is interrupted when current
passes through zero, at which instant there is not
released energy

E_ =
—° E,ﬁlnsulating

plates
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SF6: stable and inert and 5 x heavier than air
Dielectric strength 2.5 times greater than air.
Contamination by air: 20% air 5% reduces the
dielectric strength of the gas.

"Puffer" with single pressure (3 ~ 6 bar)

Piston moves and compresses the gas to
pressures of ~ 6 times the initial.

Gas flows through contacts at high speed

SF. Puffer Circuit Breaker: Openin

‘SR RE

tidge nSshche Tochnische Mochschele Zinich
Swise Federal mititute of Technology Zurich

Cl

20

15 -

144
RCUIT BREAKER SF

Air blast

GVA/ break _ SF6:

: || | 1 |
1950 1960 1970 1980 1990 2000

Closing

Eidgenduakichve Tochnlsche Mochschsle Zhrich
Swite Federal inctitute of Technalogy Zurch

OR
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VACUUM CIRCUIT BREAKER

Arc formed between contacts unlike other types of circuit breaker, being
held by ions coming from the metallic material vaporized contacts.

At current zero the space between the contacts is rapidly deionized
(condensation of metal vapors in the electrodes)

movable

condenser screens
I \ contacts
% B LT 7 M 2

TR

Insulation

Vacuum

LULiNIL UK
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SEQUENCE OF OPERATION FOR CIRCUIT BREAKERS

V4
O-t-CO-t -CO
t = 3 minutes for circuit breakers without fast reclosing.

t = 0.3 s for circuit breakers with fast reclosing.

t '= 3 minutes

CO-t"-CO

t”=15s, for circuit breakers without fast reclosing.
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Terminal faults interruption

Terminal fault (asvyvmmeaetrical short-circuait current), Fig, 10-13

al) i LS b) 4
+ @_ "_:""" i 1 '
L C== - M !
N
Short line faults interruption L NAAAL

Short-line fault, Fig. 10-14

a) )

Out of phase interruption

=wwitching under out—-of-phase conditions (phase oppositior]
ap
L=

=2
— 1L ¥ o~ 1 — ! A s
L, = e Lo |
| y p V= |

Sy L ay asf-af nfhasa conariions,
= S olfifre ol agiines s orraonar i,
b volffaoo shhrass o oo bhraosfias I
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Small inductive currents interruption

=)
&) -
L iy LS ——
— T u—"'"'-' ) l —1 — — £
L, Tc, , U | ==':::=- Lz o
L L S . b

is <£$
L‘_001_[ ~— 1e . i : to! 11. '
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TEMPERATURE RISE CALCULATION

« Calculus equations to prepare a software

« Calculating the temperature rise of the conductors above the air
temperature

« Calculating the temperature rise of the fluid (air, ...) by the method of IEC
60890

* Properties of insulating materials

* Properties of conductive material

« Comments on contact materials

« Effects of different atmospheres in the oxidation

COGNITOR
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TEMPERATURE RISE CALCULATION EQUATIONS
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TEMPERATURE RISE CALCULATION EQUATIONS

T HATNMT DE klevitho
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TEMPERATURE RISE CALCULATION EQUATIONS
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COGNLIOR MATERIAL PROPERTIES (CONDUCTORS)

Symbol | Atomic | Atomic | Density | Softening [ Melting :"'.iiardnessx"-:_ Temperature Resistivity | Temperature | Specific Thermal Total emissivity Remarks
weight number lempe- tempe- resistivity heat conductivity
rature rature | H : coefficient
(ke/m) | (O (o) Y ') |/ K [ao™am) | 107K™) | (/ke-K) | (W/m-K) | Bare |Oxidized
Copper Cu 63.546 29 8 889 190 1 083 5| o 273.15 1.5881 4.265 382 390 Cold-drawn copper:
(annealed) 7.0 20 293.15 1.7241 3.93 386 387 0.05 0.7 P =1.759 % 107°*'Q . m
36.85 310 1.838 3.69 389 382 Copper conductors in cables:
60 33315 1.995 394 378 Poe=18%107"Q . m
Brass 70 Cu.30Zn 8530 915 ~10 0 273.15 6 1.53 19
20 293.15 6.2 1.484 377 121 0.04 0.6
Cupro- W.35Cu.0.5Ni 13600 15 20 293.15 53 6 150 0.1 0.5
tungsten
Aluminium| Al 26.9815 13 2700 150 658 1.5t0 0 273.15 2.6 4383 88! 202 Aluminium cable conductors:
(ASL) 8.0 20 293.15 2.8264 4.03 891 203 0.07 0.6 Do = 3.06 % 1070 m
36.85 310 3.02 i 900 204
60 33315 3.28 910 205
Almelec Al 0.5Mg.0.5Si 2700 552 0 273.15 3.016 3.88 Cabled Almelec:
(AGSL) 20 293.15 3.25 3.6 890 185 0.07 0.6 Pc=33x 1070 m
36.85 310 345 3.39
Al.alloy 2700 20 293.15 55 890 125 0.07 0.6
(AG3)
Ductalex Be. Cu. Mg 2700 20 293.15 2.826 39 890 0.07 0.6 Alloy still at experimental
stage
Silver Ag 107.868 47 10 500 180 962 2610 0 273.15 1.47 4.08 234 418
6.0 20 293.15 1.59 an 235
Tin Sn 118.69 50 7300 100 232 0.4510 0 273.15 I 447 221.5 62.8 Amorphous state ()
0.6 20 293.15 12 2264 62.5 0.08 0.55
60 33315 14 232.2 62.0
Nickel Ni S8.71 28 8900 520 1453 7.0t0 0 273.15 59 6.9 398 95.2 Pure nickel
20.0 20 203,15 6.84 412 92.5 0.02
60 33315 8.73 442 87.8
Exconal Copper plated aluminium 3630 20 293.15 2.65 4.1 710 240 0.05 0.7 Contact surface equivalent to
(15% Cu by volume) annealed copper
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“PSNEEE PROPERTIES OF INSULATING MATERIALS
Pressure Density | Thermal | Dynamic | Compres- | Specific
(bar) Temperature 0 conduc- | viscosity | sibility | heat
tivity iy ) Cp Remarks
0 A
(10° Pa) . 5 (ke/m?) |(W/mK)|(10-Pa-s)| (103K"1) |(/kgK)
Air | (=315 | 250 141331 002227 | 1.599 4017 | 10054
0 273,15 1.2928 | 0.02419 | 1.728 3.67 1005.6
20 293.15 1.205 | 002585 | 1.822 3.40 1006.3
46.85 | 320 1.1033{ 002779 | 1939 3131 | 10073
SFy .3 20 293.15 795 | 0.01355 .52 3.33 655
Sulphur | 3 20 293.15 18.65 | 0.01355 .52 3.33 655
hexa- 5 §7.5 | 36065 253 | 0.0142 .82 2.78 766
fluoride | Liquid | 20 293.15] 1371 0.150 29.1 1.1 13557 | Indicative values
Ol l 20 293,15 870 0.13 26 0.764 | 1880 | Indicative values
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COGNITOR
— EFFECTS OF DIFFERENT ATMOSPHERES IN OXIDATION
Examples
: : Thickness formed
Metal | Reactant | Sc2Ction Oxidation formula obtained unie Sources x107""m
product Remarks Tempera-
ture (°C) After i
1000h | 100000 h
Copper | Atmo- Cu,0 11700 8, 5, in angstroms*; Ronnquist, 20 21.7 37
spheric \/ " (34.31 G ) (5,20 A, oxide quoted by 55 35 170
oxygen §=|\s;ti1-¢ : thickness immediately | Holm 60 39 210
formed on the metal) | (Electric 85 87 690
{ =timein hours Contacts, 100 150 1300
T, = temperaturein | Springer
kelvins Verlag)
(thermodynamic
temperature)
Alumi- | Atmo- Al,04 The thickness of Al,O; oxide formed on the aluminium 50 A (unusable without
nium spheric does not exceed 50 A, the initial oxidation of 20 A being preparation as contact material)
oxygen attained after a few seconds. The film obtained is
insulating and must be broken to allow the passage of
current in the case of electric contacts. The presence of
water vapour favours the growth of the film which can
continue for months, but very slowly.
Tin Atmo- SnO (7 Sps @) sin angstroms*, rin | Britton and 20 42 61
spheric : T hours, T, in kelvins Bright, 55 103 146
§=522In47t.e :
oxygen (s,~15A) Metallurgica 60 114 162
56 (1957), 85 188 260
p. 163 100 250 360
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FOeNLIER EFFECTS OF DIFFERENT ATMOS w7
Examples
: = Thickness formed
s Reaction : 5 . Units ~10
Metal Reactant product Oxidation formula obtained Reniarks Sources Terpera *x 10 m
ture (°C) Alter Afeer
1000 h 100000 h

Nickel Atmo- NiO 1800 sin angstroms®*, rin Pilling and 20 15.5 150
spheric \/72 (4-63 = ) hours, 7_.in kelvins Bedworth, 55 21 210
oxygen S=y\S; kit-e o (so=10A) quoted by 60 22 220

Holm 85 27 270
(Electric 100 34 340
Contacts,

Springer

Verlag)

Silver H,S and Ag,S 8000 In saturated damp air | Frischmeister Depends on the concentration
sulphur- 40: 5= 60 13 (27'5 T ) at 20°C containing 2% | and Drott, of sulphurous vapours. The
ous < SR b by volume of Acta danger threshold is about 1/1 0°
vapours hydrogen sulphide Metallurgica, (in volume)

2 |
(27.5 N 8000} LD;;:7 959),
= 0.121 1257 e < Y
(27.5 — 8000)
t>70:5=37501%"e¢ T
Ozone Ag,O Remains very thin (<10 A) and <10A
decomposes at 200°C
- its presence is not a problem with
contacts
Atmo- Ag,S 8000 sin angstroms*, rin According to Does not depend on humidity,
spheric ﬁ (29 TN ) hours, T_in kelvins W.E. Camp- but on the air circulation speed.
sulphur LR —%) [y s BEas 5 (so=16 A) bell, Electrical | The action of free sulphur S
Contacts, IIT appears preponderant vis-a-vis
1972, p. 185 H,; S or SO,

*1A=10"""m.
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CHECKING THE AIR TEMPERATURE RISE

Estimating the ambient

temperature inside a metal

TECHNICAL |EC enclosure with or without

openings and with a certain
REPORT 890 electric power dissipated

Inside

A method of temperature-rise assessment
by extrapolation for partially type-tested

assemblies (PTTA) of low-voltage |
switchgear and controlgear T AR

Air outlet openings

COGNITOR
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Aroutlet openings

Horizontal pariling

with ventlation apenings
for example perforated plate K

Airinlot openings -

Without air ventilation 159

-~ even distribution of power losses inside
the enclosure

«Air circulation is but little impeded

*Eddy currents are negligible

*For enclosures with ventilation openings
the cross section of the air outlet openings
Is at least 1.1 times the cross section of the
Inlet air openings

*No more than 3 horizontal partitions
*Surface of ventilation openings is at least

50 % of the horizontal cross section if there
are partitions
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Calculation of the temperature rise at 50% and
100% of the height

TARLE | Meihod of ca ewlation. .:I_!PJ'I'.IIEIE.':.I.I'IF.II'.,IFF.I.I'FI'! wlye end charaotersis
1 |2 i 3 4 | 5 6 7 8 9 10 11
| | | |
|
Formula Enclosure I Characteristic Curve
Effecive ‘| Temperature rise | Efective | — o '
c;]?oling i l cooling | e Plottlng
surface Ae surface [ [
| 50 100% | bl kld]c |x
height height we | e || e |
Tab
Enclosure : ;
> without F3|g IV FAIrg 0.804
195 openings .See
2 | 5.2.4.1
m Enclosure || Tab Fig Tab Fig 0,715
with 5 6
| openings V
— 11!
<
Enclosure Fig Fig .See
1,25 without 7 - g | 9% 52.4.2
m2 openings R
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Temperature rise of the air inside - IEC 60890

CALCULATION SEQUENCE

FARLE | Method of calcdlation a‘p)v):'mur,n;,4".'».rn:u£ru' and charoulesiis
1 AT 2 3 2 | 5 6 7 8 9 10 11
Formula Enclosure Characteristic Curve
Effective Temperature rise Effective “
c?oling |. cooling | i Plotti ng
A face A
surrace Ae 50% 100% surface Ae b k d C X
height height W P T e
Tab
Ae Enclosure Ei Ei
k S without g1 v g | 0804
— C 1 25 openings 3 4 _See
Sum of X X m2 524.1
X openings ° V 6
1l
b X value T J EJE-—-
P X s Encl Fi Fi S
_ nclosure ig ig _
| 1,25 without 7 g | 0804 cc
‘ m? openings 524.2




CECECHS0 dEfaT]  Test

Calculator

Height (H) 5
Width (W) p
Depth (D) 2

Type figd (C} |z -

Contacts loszss |1
Bars lnzses |1

Other power lo 00

Partitionz hor.

Opening= [/ N} I I

Opening=s
area (cmz}

]

1

Effective area m2 |5 5

K 0,13
D W
X I{I,E{I
L 1,41

0

DeltaT 100% |15.2
DeltaT 50% |12 7

/Dimensions

—lIype of installation

\ Watts internal

\Partltlons

| Svm‘bul | Tvlpa uilinstalllatmr; of ehclosln.ure o Cur've
[ [] = Separate enclosure, detached on all sides 1]
— [ = Separate enclosure for wall-mounting 3 A
- (1 [ = First or last enclosure, detached typs 2

™1 I = First or last enclosure, wall-mounting tyoe | 4
B [} = Central enclosure, detached type 3
— [C1 = Central enclosure, wall-mounting type 51
- = Central enclosure for wall-mounting and 4

with covered top surface

Are there ventilation openings ?

Openings area

——— Temperature rise of the internal air

COGNITOR



AO = surface of external sides of enclosure (m2)

Ab = surface of base (m2)

Ae = effective cooling surface (m2)

B = surface factor

C = temperature distribution factor

D = factor for horizontal partitions

F = height / base factor

H, W = enclosure height and width (m)
K = enclosure constant

N = number of horizontal partitions

P effective powwer loss inside (Watts)
X = expoent

AT 0.5 = temperature rise at 50% of the height

COGNITOR



Type of installation (Figure 4)

- Symbol Type of installation of enciosure

[ ] = Separate enclosure, detached on all sides

[ = Separate enclosure for wall-mounting
[ ] [ = First or last enclosure, detached type
1 I = First or last enclosure, wall-mounting type

[ ] = Centralenclosure, detached type
= Central enclosure, wall-mounting type

= Central enclosure for wall-mounting and
with covered top surface

COGNITOR



Factor B (to calculate effective area in column 1)

Surface factor

Type of installation h
Exposed top surface 14
Covered top surfaca; ¢.¢. of built-in enclosures 2 I 07
Expuséd side faces, e.g. front, rear and side walltls_ T 09 o
Covered side faces, .. rﬁarsiﬁc of wall-mounted enclosures 4 I {JS
Side faces of central enclosures 05
Floor surface I 6 not taken into account

—'I-'_'_._.I

Tt Bl

141




Factor D

Partitions

Factor D
1,00 | 1,05 | 1,15 | 1,30

Without ventilation
openings

A,.>125m?

Factor D

With ventilation
openings
A_.>1,25m?

1,03 | 1,05 | 1,10 | 1,15

COGNITOR



*Dimensions of the enclosure (Hx W x D)

Symbol Type of installation of enclosure

Curve

*Type of installation (Figu re 4) o [] = Separate enclosure, detached on all sides
— [ = Separate enclosure for wall-mounting
[ [ = First or last enclosure, detached type
:I m = First or last enclosure, wall-mounting type
[} = Central enclosure, detached type
1 - Central enclosure, wall-mounting type

= Central enclosure for wall-mounting and
with covered top surface

*Calculate the efective area using factor b and table 3
*Calculate AT (50%) =k . d .PX

*Design with or without ventilation openings
Number of internal horizontal partitions

*Effective power loss of equipment installed in enclosure

6 2 I s T - N
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FIiG.

(BB

On

04

03

02}

3.

.

cooling surface A4,

~ 1.25 mi.

. (I B 1 1! A - B
| | - |
p—_— 4 J—*_* ’ S— | G- 4 - . ;A o
[ ' |
gure 3| Factor K o .
ithout v ntll'atnon openlngs for '
. A L
A $ 1,25 m2 | [
| ] T | | ]
+ * s - - ‘+ — _— — e ———
| L ; =
If effectlveArea <05 nhen K:= i | T /I Fig. 3 | _ | g a
elsd 1f effectiveArea < 1.0 then K:= 0.6 - 108 * (effectiveArea - 1) | i ]
Ise\If effectiveAre . K:=0.2-0.16 * (effeetlveArear-—S 5) . —_1
else . eArea <= 9.31 then K:= 0.079 - 0. 0153* [effectlveArea 9.31) ) {
qlse If ffectlieArea< 15.0 then K:= 0.050 - 0.00722% (effectiveArea - 15) L ‘J
else . p then K:=0.00027 * (300- effectiveArea) — 1+ ©
else | K:= ?.ooozzi L =k r l !
| | |
- .- 4 -l— N e R — 4 e pe— | U - -4 ; - l-— —
1 ‘: : i 1 1 = = ! ! ! ’ 1
) [ = \._\\ O S S (A
“F i i = =y I | |
> . W— > 1 <|,_-- e ‘ 9 — | a_——
L — - — . . - po— — -4} ~L——— -
| 11 J | | _
0 ! 2 3 4 6 a 7 ) 9 10 1" 1z
et ve Cocing surtace A, -m‘.- -
I 8T
— Enclosure constant k for enclosures without ventilation openings, with an effective



Enclosure constant k ——eepp

F1G.5.
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- 20 3 - — " - —— — cooling surf‘ace
LU (3] - A i)
- 12 — - — - 3 ~1 PR
o34 / 1E
- 14 - - — -9- —q»———j»————ol—A—-—# / 2
012 / 25
5
=2 /3
0.0 \ - : g /’ —~4
/
= =~ 5
0 0'8 p—— —_— // ’/
.’
.08 ! S—— 8
'S ’ . ™ \\ \ 0
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Enclosure constant k for enclosures with ventilarion openings and an effective cooling

surface A. >

1.25 m-~.



N .
N | Figure 7
T T T 1 Factor K ;
~ o n\ without ventilation
2 | & | \ | openings for ﬁ
LWL | Ae < 1,25 m2
R | i
§ ° !
‘E' 1t _‘-“ - . -
o T @ I — =
- T = ,1305 — 818171 X 415*427228 X2 F &
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F1G.7. — Enclosure constant k for enclosures without ventilation openings and with an effective

cooling surface A.< 1.25 m?.



Factor F to calculate C in figure 4

5.2.3 Derermination of the internal temperature rise Aty o of air at (he lop of the enclosure

The calculation is made according to formula (3) in column 3 of Table L

Factor ¢ allows for the temperature distribution inside an enclosure. [ts determination
varies with the design and installation of the assembly as follows:

a) For enclosures without ventilation
openings and with an effective cooling
surface:

Aa> 1.25m3

&) For enclosures with ventilation openings
and with an effective cooling surface:

A.>1.25m?

¢) Forenclosures without ventilation
openings and with an effective cooling
surface:

A. = 1.25m*

where

h isthe enclosure height, in metres

A, isthe surface area of the enclosure base, in square metres

w is the enclosure width, in metres

The factor ¢ from I :gure4 page 25,
depends on the Typeeofiastailation and the

height/base factor f, wbere-

1.35
f-=
Ap

The factor ¢ (rom Figure 6, pagy 29,
depends on thesross-sectionof air inlet

openings and the height /base factor f,
where:

depends on th
where:



Temperature rise of the air inside - IEC 60890

TYPES OF INSTALATION X TEMPERATURE DISTRIBUTION FACTOR (C)

yoe& 6F ingtal slion of 8ncioiy

FACTOR (C)
* q C ' ' /'-- -y
3 ‘
; ji= | |
g |
) | & - ' .
::-; Lo ii T == t 1 T T t + T t - T 3
i Symbol Type of installation of enclosure Curve
. 11 [l = Separate enclosure, detached on all sides 1 -
& ] - . : 3
- A | E Separate enclosure for wall-mounting 3
n - J/ [ I | | = First or last enclosure, detached type 2
| [ "] = First or last enclosure, wall-mounting type 4
! 7 I} = Central enclosure, detached type 3
AN o o L4 1 - Central enclosure, wall-mounting type 5 -
! - = Central enclosure for wall-mounting and 4
e with covered top surface
: | J g ] T C y T
0 ‘ 2 3 1 13 g 7 £ “ 10 " 12 1%
F (see 5.2.3) [ (36 Sub-Caues 523 —in
LN

FiG 4, — Temperature cistribution factor ¢ for enclosures without ventilatioa Openings and with an effedive cooling surface A, > 1.25 m’

1
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Temperature distribution facior ¢
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FiG. 8. Temperature distribution factor ¢ for enclosures without ventilation openings and with

an effective coolhing surface A, < 1.25 m?.



Table 6 — Test parameters

Test-duties

’ HIGH VOLTAGE

EXPULSION TYPE

FUSES
(IEC 60282-2)

S&C Fault Tamer’ Fuse Limiter

Parameters Class
1 , > 3 a
Power-frequency +5
recovery e (Note 5) Rated voltage 0%
voltage
Prospective TRV A Table 8 Table 8 Table 8 Table 13
characteristics B Table 9 Table 9 Table 9 Table 14 (Note 7)
C Table 10 Table 11 Table 12 Table 14
= I from 2,7 1,
Prospective current ’ +5 % i, from 0,6 I, 1y from 0,2 1, I, from 400 A = ol
(r.m.s. value of A toC 1 o to 500 A B
the a.c. component) (Note 5) to 0.8 4 10.0.3 4 (Notes 1 and 2) | (Notes 1 and 10)
A Lower than 0,15
Power-factor B Lower than 0,10 See table 7 From 0,6 to
C Lower than 0,10 0.8
1st test: 1st test:
Making angle —5 to +15 —5to +15
related to 2nd test: 2nd test: For all tests, Random timing
voltage zero A toC 85 to 105 85 to 105 from 85 to 105
(degrees) 3rd test: 3rd test:
(Note 9) 130 to 150 130 to 150
Duration of power
frequency recovery A toC Not less than drop-out time, or 0,5 s, whichever is greater
voltage after (drop-out)
interruption
(Note 11)
A toC
(non 10 min (Note 8) 1 min
drop-out)
Rated current
of fuse-links A to C min. max. min. max. min. max. min. min.
(Note 6)
Number of tests AtoC 3 3 3 3 1 1 2 =
Number of tests
before replacing
fuse-carriers A toC 3 3 3 3 2
(Note 3)
Outdoor'
Number of
fuse- A toC 1 1 1 1 1
carriers
Maximum number of AtoC 1 1 1 1 1
fuse-bases
(Note 4)

(See notes on next page)

Presented by Sergio Feitoza Costa

www.cognitor.com.br

End of module 3

bution (15 kv and 25 kv)

DESCRIPTIVE BULLETIN 451.30
d Poge 10t8
September 30, 199§

COGNITOR
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Reference materials for the courses

SWITCHGEAR, BUSWAYS & ISOLATORS

and

SUBSTATIONS AND LINES EQUIPMENT

(focus in design techniques, specification, tests and simulations)

T

= e : ,‘Id'q:l - \ ‘—"—t_;—— ,
\! - -‘..‘.A ’ T_.|_._ .J; | o
|l

by Sergio Feitoza Costa

\

Www.coghnitor.com.br

MODULE 4.
ELECTRICAL ARCS

AND SAFETY OF PERSONS
AND

INSTALLATIONS

COGNITOR
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* OVERPRESSURES CAUSED BY INTERNAL ARCS IN
SWITCHGEAR

* TRANSFORMERS (OIL): FIRE AND EXPLOSIONS
DUE TO INTERNAL ARCS.

* POWER ARCS ON INSULATORS STRINGS

COGNITOR
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COGNITOR

SWITCHGEAR AND BUSWAYS

OVERPRESSURES DUE TO INTERNAL ARCS

®Normal and short-circuit currents: increasing levels as always.

®Requirements: occupy less space and "remain usable" upon the
occurrence of a fault.

®Specifications:
®Some temperatures must not be exceeded under normal use

®To withstand overpressures of arc to avoid risks to persons and to
damage installations and support justice actions

®E|ectrodynamical forces in insulators and conductors

®The more compact and higher are the currents more difficult to meet
these specifications

®Relationship between temperature rise tests, IP and internal arc:
ventilation openings area and other data not registered in test reports

COGNITOR
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INTERNAL ARC TEST

®|nitiation of the arc is followed by vaporization of
copper and other materials increasing the pressure up to
the opening of the relief devices

®Level of protection to people near the equipment

®Media voltage: (IEC 62271-200) : type test for
classification IAC

®Low voltage: (IEC TR 61641): not a type test but the
market request. (protection of people, equipment and
limited operation after internal arc)

®Details of the standards in section 6

COGNITOR
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* Doors should not open

* Do not throw parts

 Not burn cotton indicators

* Protective circuits still effective

Cotton indivcators

Hot gasses * No holes in the plate
&y .
___________________ E
HE B B B =B B=m
B H B . B - | .
H N M N H B
':Il\ 0,8m

INTERNAL ARC TEST/_”

COGNITOR
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INTERNAL ARCTEST 15 kV —25 kA rms MOVIE

¥

'

="

-
-

-
o

.
-

o

——— L

'———_-%-_—E‘_-%—'i—-’—?

COGNITOR



“PeNUSE INTERNAL ARCTEST 15kV—40 kArms  MOVIE
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COGNITOR Overpressures and design criteria (simulation)
\
’}!

input data || See30vol Resutts | Caiculstors | Arc logel] E—-rm By 2o | j"LHnme| [MP1_CB31_juig
- Compartimento do arc Positi #1a3—— #4ab—— &7 Ry T —
_Phase [ _Phase £ Phase .quﬂﬂ.lgﬂgnuaaa;;: VD:HDH |—ﬂ"-.-’.H |_ﬂ1-.-" - |_g1.,.r.|.| |_g1,_,r.H R —

____________________________________________________________________________ Cempartimento ‘c arco
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Click in box GRAPH SIZE to change graph sizes
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OVERPRESSURE x LABTEST x SIMULATION

Overpressure - kPA

Internal artc test 31,5 KA Mrnms - 1s
- circuit breaker compartment

Oscilogram from the real test

TEST

0.01 o.06 0.07 0.08 0.09

IN 12 E.n D xIN 31250 < prosp actual » 3-404 (A rms)

e e . W R 0

T SIMULATION

COGNITOR
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PERFORMANCE UNDER INTERNAL ARC (PARAMETERS)

* Fluid compartment volume, area, velocity and characteristics of

pressure relief devices

 Technical standards do not address properly the relationship

between the temperature rise and internal arc (test reports)
e |EC working groups (HV and LV) and CIGRE studying.
 Methods for calculating
* (a) "Brochure" group CIGRE WG A3-24 -publication 2013

* (b) Method “ temperature rise" but considering up to the

vaporization of conductors

COGNITOR
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CIGREWG A3.24:  TOOLS FOR SIMULATING INTERNAL ARC
AND CURRENT WITHSTAND TESTING

SF6 AR

Simulations to predict the
results of internal arc tests on
SF6 equipment if SF6 s
replaced with air.

*Reason: environmental
reasons, tests release SF6 to
the environment

*Use of simulations to reduce
the number of internal arc
tests

COGNITOR
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CIGRE WG A3. 24 : Brochure TOOLS FOR SIMULATION OF
PRESSURE RISE DUE TO INTERNAL ARC IN MV AND HV SWITCHGEAR

Name First Name Country Company

del Rio Luis Spain ORMAZABAL CORPORATE 1
Douchin Jerome France Schneider Electric

Dullni Edgar Germany ABB

Feitoza Costa Sergio Brazil Cognitor |
Fjeld Elin Norway Telemark University
Glinkowski Mietek USA ABB

Kim Hong-Kyu  Korea KERI

Kriegel Martin Switzerland Axpo

Lopez-Roldan Jose Australia Powerlink

Pater Ryszard Canada Hydro-Québec

Pietsch Gerhard Germany RWTH Aachen

Reiher Thomas Germany Siemens

Robin-Jouan Phillipe France Areva

Schoonenberg Gerard Netherlands Eaton

Smeets Rene Netherlands KEMA

Uchii Toshiyuki (Tc Japan Toshiba

Uzelac Nenad USA G&W

Van der Sluis Lou Netherlands TU Delft

Vinson Paul France Areva

Yoshida Daisuke Japan Mitsubishi Electric Corportion

COGNITOR
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DESIGN OPTIONS x SHORT CIRCUIT CURRENT

Deflector

Duct

Cotton indicators
(horizontal and
vertical)

No deflector and no duct
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wall DESIGN OPTIONS

Intelligent planning, ducts and exhaust volumes in the
neighborhood

Use of heat absorbers for removing heat in the
exhaust gases

COGNITOR
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15 kV — 25 kA — circuit breaker compartment

gases that could burn cotton indicators ? .
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« INTERNAL ARC IN POWER TRANSFORMERS

COGNITOR

/Arc in contact with oil produces explosive gases.

.Internal arc cause pressure rises and break the
tank (transformers support ~ 1 bar overpressure)

/If tank ruptures oxygen in the air comes into
contact with explosive gasses (explosion and fire).

.Prevention systems to relieve pressure before it
reaches the limit of the tank

.Circuit breakers are not fast enough but bursting
disc are

~Reasons for explosions

The goal is to lead the gasses to burn in a safe place

There is a Brazilian technical standard with a test to check this

( Sergio coordinated its preparation years ago)

COGNITOR
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INTERNAL ARC IN POWER TRANSFORMERS

420 EXPLOSIONS INCIDENTS — USA March, 11 to July, 31,2002
Number of dead persons 4
Injured persons 247
Persons affected by the blackout 1.6 millions
Number of states 44
Number of power companies involved 117
Number of power companies involved in at least 3 27
explosions
Generation plants and substations 80
Site of the incident  |Nuclear power plants 7
Residential areas 19
Urban areas 29
Public squares and buildings 54
Schools and universities 25

COGNITOR
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INTERNAL ARC IN POWER TRANSFORMERS

 BRAZILIAN TECHNICAL STANDARDS PUBLISHED IN 2006

« (preparation coordinated by Sergio)

\NBR 13231: Fire Protection in power substations.

\NBR 8222 - Protection systems for power transformers and
reactors, by depressurization (*)

\NBR 8674 : Water spray systems
+NBR 12232 : Carbon dioxide systems

( * ) standard with internal arc test on transformers

COGNITOR
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Transformer tanks are dimensioned to withstand pressure of

around 1 bar above atmospheric pressure..

Pressure rise — transformer 20 MVA

Circuit breaker is not
fast enough to avoid
the explosion

10. Y

Without circuit breaker

Tank limit

10,1

Busting disk

-0,01

Pressdo, bar, encima Patm

10,001

-0 -20 -40 -60 -80 1100 1120 1140

Time duration (ms)

COGNITOR
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POWER ARCS IN INSULATORS STRINGS

_— N_—\___—
AR Sl

\/

"

COGNITOR
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coeNlIOR  POWER ARCS IN INSULATORS STRINGS

Discharge occurs and opens a "path" for passage of the short circuit current of
50/60 Hz, w, ex. 40 KAeffor 0.2 s

Arc cause wear on fittings supporting the cables and break insulator
Later another discharge occurs ..
Factors to consider (amount, duration and number of events)

Physical arrangement (symmetric or asymmetric means that arc is more or less
close to the insulators due to electrodynamical forces)

The weight of the string

Efeito das forcas eletrodinamicas e afastamento do arco
Assimeétrico:

Simétrico: B .
arco mais afastado da cadeia

arco mais proximo da cadeia

What to check after the test

.....

Damaged insulators and fittings for
damage?

There can be no falling and good
general aspect

-
...........

- < >

As setas indicam as dire¢gdes das correntes
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Reference materials for the courses

SWITCHGEAR, BUSWAYS & ISOLATORS

and

SUBSTATIONS AND LINES EQUIPMENT

(focus In design techniques, specification, tests and simulations)

COGNITOR

MODULE 5:
— TECHNICAL
710 SPECIFICATIONS USED
ﬁ*ﬂi < | BY POWER UTILITIES
by Sergio Feitoza Costa www.cognitor.com.br

COGNITOR
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~ TECHNICAL SPECIFICATIONS (PRINCIPLES)

*The most efficient specification is the IEC technical standard or the
equivalent national standard if it is updated.
*To refer to an existing official standard is much better than to

rewrite the standard within the company specification

Example

WRONG: The temperature rise should be 53 ° C
(as opposed to "the maximum temperature rise should be 53K)

CORRECT: ... should attend the temperature rise requirements of IEC-
62271-1: Common clauses to high voltage equipment

COGNITOR



COGNITOR 202

WHAT TO AVOID

e« The design of the contacts must be done so that the
electromechanical forces can not open it.
e Specify the short time current and crest test

o Use the best quality materials technology, new and of recent
manufacture.

o Specify materials according to NEMA, ASTM ...

e Quality of manufacturing: the highest quality and according
to the best modern practices of high quality.

e Specification without means of verification

COGNITOR
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oeNieR SPECIFICATION OF HIGH VOLTAGE
ISOLATORS / DISCONNECTORS

Secionador Semi- Pantografico
Horizontal

¢ Operacho rpclar com um solador rotatve
Faca arvculada
(Cod. ABNT - SPH)

ArLramEl=y
i
d
il

COGNITOR



COGNITOR SPECIFICATION OF HIGH VOLTAGE ISOLATORS / DISCONNECTORS 204

Technical data

Requirement

Rated voltage Rated voltage (phase to phase) 230 KV rms
Maximum continuous operating 242 KV rms
voltage (ph-ph)

Frequency Rated frequency 60 Hz

Insulation levels

Power Frequency withstand voltage

Closed to ground 395 kV
Open contacts: 460kV

Lightning Impulse withstand voltage

Closed to ground 950 kVcr
Open contacts: 950 kVcr +
140kV 1min — 60Hz

Power Frequency withstand voltage | 3 kV
(auxiliary and control circuits)
Number of poles 3
Rated current Rated current 2000 Arms
Short circuit Short time withstand and crest 40 kArms during 3s / 100 kAcr
RIV Radio interference voltage 500 uVv
Corona Extinction and start minimum voltage | 154 KVrms

COGNITOR
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Interruption capability for small currents at the maximum
operating voltage (Amperes corresponding to a capacitance

________pF)

COGNITOR
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SOME TYPE TESTS AND WHAT THEY ARE

«Atmospheric impulse test.

Switching impulse test (dry / wet).

«Short-duration power-frequency withstand voltage tests
dry (1min) wet (10 s)

«Temperature rise test.

«Short-time withstand current and peak withstand current tests .
«Mechanical supportability and operation.

«Radio interference voltage test.

oVisual corona.

COGNITOR
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COGNITOR

SHORT-DURATION POWER-FREQUENCY
WITHSTAND VOLTAGE TESTS

DIV

Reg || TR

COGNITOR
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COGNITOR
IMPULSE TEST
‘L. »~15 applications x 2 failures
bias” ...

Source
power
frequency

Impulse R
. generator

Atmospheric impu
tf=1,2 us; tc =50 ps

Switching impulse:
tf = 250 Ws; tc = 2500 Us

Positive and negative polarities
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COGNITOR
RADIO INTERFERENCE VOLTAGE TEST.

< High frequency pulses « Apply 1.1 U FT between terminals and
generated by equipment base (closed or open position).

?ﬁgugﬁscigedﬁrcczgffg’;ed + Reduceto 0.3 U instepsof0,1U and

irradiated returnto 1,1 U

+ Rl voltage curve < limitvalue
+ Interfere with radios

(especially on the AM

band). —] ——0 |
-

. Equipment: 50-1000 p V b .
(function of distance). - _ i

» Laboratory : propagated. 1

RIV meter Bl

» Transmission lines: radiated g

Resistor

» Verification of external O
insulations '

-— COGNITOR
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TEMPERATURE RISE TEST

COGNITOR
Contact material Temperature Temperature
Part and Rise max. (°C) Comments
medium where it is used max (K)amb20°C| ambient 40°C
Copper and copper alloys
SPRING unc caied -in air 35
CONTACT - in SF8 0
~inoil &0
Tinned  inair, SF8 oru oil 50
Silver or niquel plated -in air 65
-inoll 20
|For contactors in ol 105 Oll daterioration
Copper , aluminum and alloys
BOLTED uncoated inair 0
uncoated In SFE 85
CONTACT 1inned in air or SF6 103 Tin “creep point”
Silver or niquel plated air or SF8 75
Silver or niquel plated in dleo 100 Oll deterioration
For contactors in oil 105 Oil deterioration
In contact with ins ulation class
METALIC t A AR DRI L @ /105 / 120 Isolation ageing
PARTS B / F ! H 20 / 155 / 180
e Acling as spring €as0 a caso Permanent
o [N soldering position 100 deformation
/Break
SURFACES |Can be touched (me / non me ) 70 / 80 Do not injure
Acessible but not touched 80 / O persons
“
® ©
“ 7 e
- °
“ ' ~ o .
w . @
—®.
» — - ® @
bt s
x
b
0 “w! " At 1 '|‘
% &
., e T
i 1]
10 v 3.5 l ’ ' |
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0
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A (K], o g (M=ENSa COmPITant 308 ol eul) and e vk By (77X Bi0RG P S
3000 200 4 e 0o 4 00e 000 © 000 00 10 000 000
Tine wirey e dett s st 1) b daconiy




SHORT-TIME WITHSTAND CURRENT AND
PEAK WITHSTAND CURRENT TEST .

»Ability to withstand thermal and dynamic effects of short circuit current

. Thermal Effects 12. t: variations in materials and loss of characteristics
(annealing, melting ....)

. Dynamic Effects (12xL / S): Break contacts, insulators, warping of parts

« Physical arrangement: single phase test in “big” three-phase equipment
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SHORT-TIME WITHSTAND CURRENT AND
PEAK WITHSTAND CURRENT TEST .

—,
hy L FECHAMENTO
DO CURTO-CIRCUITO

After the test:

-operation without load and contacts should open on the first try;

emeasure resistance of the main circuit (except for grounding
disconnectors).

oIf increased by over 20% and can not confirm the condition of the

contacts by visual inspection test run additional temperature rise test.
COGNITOR
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BREAKING TESTS

214

v’ Fault type to represent (voltage, current and power factor)
v' % asymmetry in the current interruption

v’ Transient recovery voltage (TRV)

v’ First pole to clear factor

» Terminal faults
v 10%, 30%, 60%, 100% symmetrical e 100% asymmetrical lcc

U

1.

-A.

8

8

/]ﬂ”%\

T~

Tempo (s )

(@]

O.005

o0.015 O.02

lbU

~_ =

Tempo (s )

o

O.005

O.

(@]« B

0.015

O0.02 0.025

LCULNII

OR



COGNITOR BREAKING TESTS 215

.Short line fault:  90%, 75% e 60% |__

~Out of phase switching
« Interconnection circuit breakers I, = 20 to 40% | ;..

- 1, =100 to 110% l,.. - voltage 2to2,5U @N

~Capacitive currents switching :
«No-load lines
«No-load cables;
«Back to back capacitor banks;
«Capacitor banks.

~Small inductive currents switching.

COGNITOR
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SPECIFICATION OF HIGH VOLTAGE CIRCUIT BREAKERS

Technical data Requirement
Other specifications like the isolator
Short circuit Rated breaking capacity
Component AC (KArms) 40 KArms
Component CC (%) 50%
Rated Duration (s) 3s
Interruptions Number of interruptions without
maintenance
TRV for terminal | Representation: 2 or 4 parameters 4
faults First pole to clear factor 1,5
First reference voltage Ul 296 kVcr
Time T1 related to voltage Ul 148 uS
Second reference voltage Uc 415 kVcr
Time T2 related to voltage Uc 444 nS
Delay time Td 2 US
Voltage U’ 148 kVcr
Time T’ 76 uS
Rate of rise U1/T1 2 kKVI uS
Operating cycle 0-0,3s—-CO-3min-CO

COGNITOR
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SPECIFICATION OF HIGH VOLTAGE CIRCUIT BREAKERS

217

Technical data

Requirement

Number of operations without
maintenance

Line Surge impedance 450 Q

Characteristics Rated crest factor 1,6
Rate of rise of the recovery voltage 0,240 kV/ uS.kA

TRV for terminal | Representation: 2 or 4 parameters 4

faults First reference voltage Ul 198 kVcr
Time T1 related to voltage Ul 99 uS
Second reference voltage Uc 277 kVcr
Time T2 related to voltage Uc 297 uS
Delay time Td 2 US
Voltage U’ 98,8 kVcr
Time T 51,5 uS
Rate of rise U1/T1 2 kV/I uS
Rated breaking time 3 cycles

No load line Rated breaking current (Arms) 125 Arms
Surge factor at line closing 1,4

COGNITOR
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SPECIFICATION OF HIGH VOLTAGE CIRCUIT BREAKERS

218

Technical data

Requirement

Interruption Interruption of small inductive current | 5 Arms
Maximum overvoltage 2 pu

Out of phase Breaking current 40 kA rms

switching Applied voltage 279 kV rms
First reference voltage Ul 400 kVcr
Time T1 related to voltage U1l 260 uS
Rate of rise U1/T1 1,25 kV/ uS

COGNITOR
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SURGE ARRESTERS

Divert surges to the ground preventing

them from being applied to the
protected equipment.
Overvoltages: power frequency,

switching and atmospheric impulses

Ia.
-

1,2/50 us

M
3| _%sor2500us

¥,
T Cg

,“/// %_Jéau

-
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SURGE ARRESTERS EVOLUTION
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JAir dischargers

«SiC surge arresters with gaps

«Metal-oxide ZnO surge arresters without gaps
«Polymeric and porcelain
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SIC SURGE ARRESTERS WITH GAPS

ol a = discharge current
oIn = Subsequent current
.Ua = trigger voltage

«Up = residual voltage

oU = system voltage

COGNITOR
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METAL-OXIDE ZnO SURGE ARRESTERS WITHOUT GAPS

COGNITOR

«Set of nonlinear resistors of ZnO.

«Protective characteristics well defined due to no spark gaps.
«No subsequent current ( do not wait zero current).

«Greater capacity for energy absorption.

«Possibility of division of power between columns in parallel

Polymeric
. . . ]
eLess air spacing = less moisture ol
. E 3001 25 100°150°C

penetration E =
=

«No fragmentation of the enclosure = can 3 ¥
60

be closer to the transformer. G o
w

«Without pressure relief devices is 109109167 164 10°* 10-4 10920°F 161 1 100 10t

Current density (A/mm?2)

cheaper and 50% of weight.
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METAL-OXIDE ZnO SURGE ARRESTERS WITHOUT GAPS

. Rated voltage Ur (kV): maximum value of power frequency voltage
applied to the terminals for which it is designed to operate under
conditions of temporary overvoltages in test operation cycle ( 10s).

. Continuous operating voltage Uc ( kV): maximum value for continuous
operation under the same conditions for Ur. (MCOV)

« Withstand voltage x time characteristic

COGNITOR
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METAL-OXIDE ZnO SURGE ARRESTERS WITHOUT GAPS

COGNITOR

~Rated Discharge currentl (In): peak value of the atmospheric
impulse current used to classify the surge arrester 8x20 uS

Impulso de alta corrente: peak value of the discharge
current 4x10 pS (to test stability under atmospheric
discharges)

Switching impulse current: peak value of the discharge
current with front time between 30 and 100 uS.

~Reference current : peak value of the resistive component of
the industrial frequecy current

~Residual voltage (Ures): peak value of the voltage appearing
between the terminals during a discharge

COGNITOR
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/nO SURGE ARRESTER SELECTION

«Maximum continuous operating voltage;
«Protective characteristics for different overvoltages

«Durability
«Overpressure relief in case of failure;
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/nO SURGE ARRESTER SELECTION

One should ensure that:

* (1) MCOV equals or exceeds the maximum operating
voltage of the system at the point of application

e (2) for sustained overvoltages, the arrester curve s
above the system overvoltages curve

COGNITOR



/nO SURGE ARRESTER SPECIFICATION

1. Manufacturer model:

System rated voltage (phase to phase; kVef) 230
Rated frequency (Hz): 60
System maximum continuous operation voltage (phase to 242

phase; kVef)

Maximum continuous operation voltage(phase -neutral 160
kVef):
Surge arrester rated voltage(kVef): 228

COGNITOR



/nO SURGE ARRESTER SPECIFICATION

Residual voltage for wave front (max kVcr): 590
Residual voltage for atmospheric impulse (max kVcr): _?
Residual voltage for switching (max kVcr): 480
Residual voltage for rated discharge current (max kVcr): 600
Rated discharge current (A crista): 20.000A
Long duration discharge class ( IEC 99-4) KA 4 kA
Pressure relief withstand current
1) Component AC of the high intensity current (kArms): 40 kArms
2) Maximum peak current (kAcr): 100 kAcr
3) Low intensity current (Arms) 800 Arms
Reference voltage (kV rms) : Maximum and minimum values | -—-—---
Minimum withstand temporary overvoltage post-discharge by (kVef): |216 kV
for the durations 10 s ------- 1s------- 0,1s during 10 s

Leakage current at the rated voltage and frequency. (mA):

COGNITOR



/nO SURGE ARRESTER SPECIFICATION

Daily switching protection — Maximum voltage for 100 A 400 kVcr
rms A

SPECIFICATIONS FOR PORCELAIN AS DONE FOR
DISCONNECTORS

Minimum distance along insulator 20 mm / kV

Maximum values of residual voltage for switching currents kVcr
from 50 to 2000A

Energy absorption capacity 8 kJ/kV

COGNITOR
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SYSTEMS ( 3 different ones 220/ 132 / 66 KV rms )

Normal system voltage 220 /132 / 66KV
Highest system voltage 245 [ 145 [/ 725KV
System frequency 50Hz £ 1.5

Number of phases 3 (Three)

Prospective symmetrical faults current. 40KA rms
Neutral earthing Effectively earth
Max. Duration of earth faults. 3 Sec.

EQUIPMENT TO BE PROTECTED:
220/ 132 / 66 KV Transformers

a) Lightning impulse 1050 / 650 /350 KVp
b) Power frequency withstand 460 / 275 /140 KV rms

COGNITOR
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SURGE ARRESTER SPECIFICATION

Particulars 220 KV LA 132 KV LA 66 KV
1 | Type of Arrestors Station Class, heavy duty, gapless metal oxide surge
arrestor.
2 | Installation Out door
3 | Application standard IEC : 60099-4 on metal oxide surge arrestors for AC
system
4 | Rated Voltage KV 220 132 66
53 | Highest System Voltage KV 245 145 72.5
6 | Corona Exin. Voltage 198 KV rms 120 KV rms 650 KV rms
7 | Nominal discharge current (for 8/20 10 KA
microsecond wave)
% | Long duration discharge class (line Class - III Class -II
discharge class)
7 | Anticipated voltage level of
Temporary over voltage with stand
capability (KV rms)
Voltage - 1.3 times rated voltage of arrester
Duration - 1 to 10 Seconds
8 | Pressure Relief Class A, 40 KA rms
Y | One munute dry power frequency | 460 275 140
withstand voltage of arrestor housing
KV rms
10 | Impulse withstand voltage of arrestor | 1050 650 350
housing with 1.2/50 micro second
wave. KVP

vl uR
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SURGE ARRESTER SPECIFICATION

220KV 132 KV 66 KV

11

Creepage distance
housing

of porcelain

<6125 mm for LAs

to be supplied at
stations other than

mLES 4495 mm for | 2248 mm
2omm/k) LAs to be for LAs to

_ supplied at be supplied
- 7395 mm for LAS | Giuis TPS (31 | at Sikka

to be SI.}E[_I]i'E[l at mm/KYV) TPS (31
KLTPS (31 mm/kV)

mm/KV )

12 | Ratio of switching impulse residual Not more than two
voltage to rated voltage of arrester

13 | Max RIV when enerzized at MCOV 1000 micro volts

14 | Partial discharge value 30 pc (max)

15 | Bimetallic compression type Terminal As per site requirement
connector

16 | Type of Mounting Pedestal (On structure)

COGNITOR



MAIN TESTS

Tests on metal oxide blocks

e Steep Current Impulse Residual Voltage test | | Tests on Arrester
e Lightning impulse Residual voltage test
* Switching impulse Residual voltage test * Artificial pollution test
* Long duration current impulse withstand * Seismic test
 Operating duty test * High current pressure
- High Current Impulse operating duty test relief test
- Switching Surge Operating Duty test * Low current pressure
« P.Fvoltage x time characteristic relief test

 Reference voltage test
 Accelerated ageing test

General

* STC on Terminal connector
Tests on Arrester Housing (40 KA for 3 sec)
* Impulse voltage withstand test on insulator  Degree of Protection test
* P.F. (Dry) voltage withstand test on insulator on counter/surge monitor
- P.F. (Wet) voltage withstand test on insulator | |*Uniformity of Zinc coating

 Bending test on assembly

P. F = Power frequency cocniTor
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Max residual voltage with current wave

3P* Max cont. | Temporary (kV peak)
Nominal Discharge Current : Rated | operating |over-voltage| ~ 8/20 IS Switching | Steep
L0kA peak voltage | voltage | for1 sec 3090 US| 12148

Long Duration Current ; . MCOV oV : oo Los s | 1o
750 A peak / 2000 ?sec I \ 2!

Energy Withstand : 10 kJ/KV kVems | kKVrms | kVrms kAE kAE kAE AE AE kAE

3P35108 | 108 86.4 126 | 333|351 ]399 |257 | 264 | 414
oA 3P4s132 | 132 105.6 154 | 408 | 440 | 492 | 314 | 322 | 508
N“””“g%iﬂ:ﬁfk(mﬂ“: 3pss1s0 | 150 | 120 175 | 460 | 500 | 560 | 355 | 368 | 575
Long Duration Current: | -3P6S198 | 198 | 1584 231 | 612|660 | 738 | 471 | 483 | 762
1000 A peak /2000 9sec | -3P6S216 | 216 | 1728 252 | 666 | 702 | 798 | 513 | 528 | 828
Energy Withstand : I3KVKV. | 3p75250 | 250 | 2016 204 | 777 | 819 | 931 | 599 | 616 | 966
4pos3d | 324 | 2592 378 | 999 | 1053|1197| 770 | 792 | 1242

Nominal Discharee Curent: | P10SME | 345 | 2736 3090|1053 |1120]1267] 812 | 837 | 1311
30 KA peak 4P10S360 | 360 288 £0 1110 (1170|1330 | 855 | 880 | 1380

Long Duration Current : 4P1153% | 396 316.8 462 1221 | 1287 | 1463 | 940 | 968 | 1518
1250 Apeak /2000 7sec | sp12s432 | 432 | 3456 504 133214041596 | 1026 | 1056 | 1656

Energy Withstand - 16KTKV 1 spyagues | 468 | 3744 | s46  [1443] 1521|170 | 1012|1144 ] 1704
—

SP*




CURRENT TRANSFORMERS

Relacdes de transformacao

® secundarios de protecdo

300/400/600 — 5-5-5-5A

e as cargas e classe de exatiddo devem ser
mantidas na variacdo de:

+ T
® secundarios de medicao 300/400/600 — 5-5 A s j
| |

Fator térmico 1,3 ~ ';F—
Quantidade de enrolamentos secundarios 6 1IN
Secundarios de medicao 2 N
Secundarios de protecao 4 | \
Caracteristicas do nucleo de medicéo: | 1 ‘; |
o Dominio nominal de utilizagcdo, para 58 a6l Hz | 71- ,

frequéncias variando entre |
e Limites de erros 0,3%(lprimaria=1,0xIn ; FtxIn) ; 0,6%(lprim=

eitem 2.2.4

e Cargas Vide item 2.2.4

5% a 100% da carga nominal, para a r
relacdo de transformacdo, e as
caracteristicas conforme norma NBR-
(inclusive figuras 1,2 e 3 do anexo B)

e Com carga secundaria de 75 a 100% da
carga de exatiddo nominal maxima e com

B e e e A L A R A L L 8 L
R e e et il L e e e e e R e

frequéncias variando entre

o595 a 65 ‘

mantidas na variacao de:

as cargas e classe de exatidado devem ser

5% a 100% da carga nominal,
relacao de transformacao,
caracteristicas conforrme norma M

Limite de Erro

10% (vide item 2_2 .«

Cargas

Vide item 2.2 .4

Fator limite de Exatidao

Nucleos de protecao ‘ 83.3 X In

. ) e -
corrente primaria de 50 kAef, a corrente 50 A ef 9 M 10
secundaria nos nucleos de medicao deve ser L N =y
nucleos de protecao:
Dom inio nominal de utilizacao, para
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=~ LIE&E3Vo LUE Arco Internc

R fin de werificar, va sea la capacidad del transformador de
resistir las soclicitaciones producidas a consecuencla de un arca
interno, va sea el corrects—funcionamient dal dispositivo de
seguridad contra las sobrepresiones, se debe realizar un ensay
produciendc en el interior del transformador un arco de potencia
por la aplicacidn de la corriente de cortocircuito durante 300 ms.
El Frec =2 debe iniciar en la zonail) En la cual el gradients d=
ampo eléctrico ez el presumiblemente mas elevado ¢ scstenido mas
gignificativo, mediante un hilo c-n;:irtcr de peguefa seccidn que
deberid fundirse casi instantaneaments.

El ensayc puede efectuarse con una tensicn sensiblemente infericr a
la tensidon nominal procurando gque la corrientse de arcoc sea
practicamente sinusoidal y el arco no se extinga antes del tismpe
establecido.

Los parametros del circuitoc v la sincronizacidn del interruptor de
cierre deben ser tales gue, el wvalor de cresta del primer pico de
la corriente sea igual a 1,7+2,5 wveces el walor eficaz de la
corriente perm
Durant curso de la prusba se debe reglstrar el w
imetros electricos vy el tiempo de actuacion de la
sobrepresion.

El ensayo s2 debe realizar a la presion nominal de funcicnamiento.
La pruska se considera un 2xito =i no se observa rotura extarna
sobre el transformador ademas de la actuacion del dispositivo de
seguridad contra la scbrepresicn.

La sjecucicin de la prueba no &5 necesaria si yva fue realizada scbre
otro aparato perteneciente a la misma serlie proyectada, en tal caso
Fabricante debe demostrar el cumplimientc del ensayoc medians
icacidn del resultado de la verificacion ya efectuada.

COGNITOR
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POWER TRANSFORMERS AND REACTORS

Certificates of type tests and special tests.
Memory for calculating short-circuit, indicating:

e calculating the maximum current short-circuit by winding;

 calculation of thermal capacity to withstand short circuits
according to NBR 5356;

* calculating the dynamic ability to withstand short circuits.

* methods of calculations of radial and axial forces;

e Data input and output calculation forces radial and axial;

 Maximum allowable forces

COGNITOR
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COGNITOR
- REACTOR
System rated voltage 230 + 5% kV
System rated frequency 60 £0,1 Hz
Insulation level at 230 kV
Atmospheric impulse (BIL) 950 kV
Switching impulse (BSL) 750 kV
Short circuit level at the bus 230 kV 230 KV
Phase to ground short circuit 8,8 to 21 kA
Three — phase short circuit 6,3 to 15 kA

OVERVOLTAGE DURATION
1,8 pu 50 ms
1,4 pu 200 ms
1,3 pu 1 segundo
1,2 pu 10 segundos
1,1 pu 3 horas

COGNITOR
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COGNITOR
SOME REQUIREMENTS

Description Un OBS
Cooling: Mineral oil naphthenic
Number of phases 1
Rated frequency 60 Hz
Rated voltage 242/ /3 kV_
Rated power X MVAr | [1]
Windings connection X [1]
Cooling method X [1]
Temperature rise limit (hot spot) 65 K
Noise Level - Decibels below value in the | x dB [1]
table 12, NBR 5119 (Item 14.16)
gi(iligo interference voltage as in 14:17, NBR | x E\Y, [1]

[1] Characteristics defined by the manufacturer

COGNITOR
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COGNITOR
- SOME REQUIREMENTS

DESCRIPTION Un OBS
Windings insulation lels Line Neutral
Atmospheric impulse withstand voltage 950 X kVp [1]
Atmospheric impulse withstand voltage (cut wave) 1045 - kVp [1]
Switching impulse withstand voltage 750 - kVp [1]
Industrial frequency withstand voltage 395 X KV ¢ [1]
Bushings insulation level
Atmospheric impulse withstand voltage (full wave) 1050 X kVp [1]
Atmospheric impulse withstand voltage (cut wave 3 pS) X kVp [1]
Switching impulse withstand voltage 850 - kVp [1]
Industrial frequency withstand voltage dry 460 X KV [1]
Industrial frequency withstand voltage wet 185 KV
Minimum creepage distance 25 25 mm/kV

COGNITOR
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COGNITOR

SOME REQUIREMENTS

.Excitation current:
.The knee of the curve should be at saturation value of 125% of rated

voltage of 242 kV or above.

.The supplier shall provide the saturation curve obtained by test

Withstand to dynamic overvoltages
.The equipment shall be capable of withstanding voltage levels of 4.2

.Requirements of overload:

Apart from the NBR 5416 requirement, the transformer and
accessories shall withstand daily overloads of short duration (less
than a half-hour period) of 1.35 times the rated power of the
transformer and long-term (less than four hours), 1.25 times the

rated power of the transformer.

COGNITOR
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SOME REQUIREMENTS

.Routine Tests: the ones in NBR 5356 + verification of paint
scheme

Type tests: temperature rise test and noise level

.Especial tests
«Measurement of zero sequence impedance
«Measurement of harmonics of the excitation current
«Chromatographic analysis of gases dissolved in the
insulating oil;
«Power factor of the insulation;
ointernal vacuum;
olest of degree of polymerization.
«Raising the saturation curve to show that the knee of the
curve is at the specified value, or above

COGNITOR
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Reference materials for the courses

SWITCHGEAR, BUSWAYS & ISOLATORS

and

SUBSTATIONS AND LINES EQUIPMENT

(focus In design techniques, specification, tests and simulations)

MODULE 6:
TECHNICAL STANDARDS

FOR SWITCHGEAR
Medium voltage (IEC 62271-200)

COGNITOR

Low Voltage (IEC 61439)

by Sergio Feitoza Costa www.cognitor.com.br

COGNITOR
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TECHNICAL STANDARDS FOR
MEDIUM VOLTAGE SWITCHGEAR

IEC 62271-200 : 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

COGNITOR

* Enclosures with fixed and removable components filled with
fluid (liquid or gas) .

e Gas pressure <= 300 kPa. (~ 3 atm)

* Flammable atmospheres: additional requirements.

e Category of loss of service continuity (LSC): keeping other
compartments energized if a main circuit compartment is
opened.

COGNITOR
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IEC 62271-200- ASSEMBLY CLASSIFIED AS INTERNAL ARC PROOF (IAC)

oIf criteria for protection of people are met in the case of an
internal arc, as demonstrated by suitable tests

«Meets standard if is designed and manufactured to prevent
the occurrence of internal faults.

oIf installed, operated and maintained properly there is small
possibility of internal arc. but it can not be disregarded.

oFailures in the enclosure, bad or exceptional service conditions
or operation error, can start arc that poses a risk to people.

COGNITOR
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HOW TO AVOID INTERNAL ARCS

Elimination of fault by sensors sensitive to light, pressure or heat
Current limiting fuses or limiters

Rapid elimination of arc deviating it to metallic short-circuit

Remote control

Insertion or extraction of extractable portion only with closed door.

COGNITOR
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IEC 62271-200

TYPE TESTS

e Verification of the insulation level

 Power-frequency voltage tests

e Lightning impulse voltage tests

* Partial discharge tests
 Temperature rise and resistance of circuits:
* Short-time withstand current and peak withstand current
 Making and breaking capacity of the switching devices:
 Operation of the switching devices and removable parts
* Protection of persons against access to hazardous parts
 and protection of equipment against solid foreign objects
* Protection of persons against dangerous electrical effects
* Strength of gas-filled compartments:
* Tightness of gas or liquid filled compartments:
* Effects of arcing due to an internal fault (IAC)
 Electromagnetic compatibility tests (EMC)

COGNITOR
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INTERNAL ARC CLASSIFICATION  IAC

- Types of accessibility A B,C
+
- Corrente de ensaio em kA e duragao (s).
+
F Frontal L Lateral R Rear

a) ASSEMBLY NOT MOUNTED IN POLE
Aceesibility A: authorized personnel.

Aceesibility B: public access
b) ASSEMBLY MOUNTED IN POLE

Aceesibility C: restricted by installation out of reach

COGNITOR
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INTERNAL ARC CLASSIFICATION  1AC

Example1: 12,5 kArms-0,5 s : public accessibility and tested with
indicators placed in front, side and rear:

Classification IAC BFLR
Internal arc:12,5 kA 0,5 s

Example 2:
16 kKArms - 1 s, tested as: h>2m h<2m h<2m h<2m

front: public accessibility

rear: restricted to operators | ;‘ ;
side: not accessible f \ N N

Classification IAC BF-AR

; §
Internal arc 16 kA 1s. +\ \ \

COGNITOR




251

Room simulation and indicators - accessibility A (h>1,5m)

COGNITOR
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TECHNICAL STANDARDS FOR LOW VOLTAGE SWITCHGEAR

IEC 60439-1 (1999)

Low Voltage Switchgear and Controlgear
Partl — Type tested and partially tested assemblies
(TTA and PTTA)

1

Séries January -2009
|[EC 61439 - Low-voltage switchgear and controlgear assemblies

Important change of concept with the DESIGN RULES (possibly the most
advanced concept in any technical standard)

COGNITOR
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IEC 61439 STANDARDS SERIES

61439-1: General rules

61439-2: Power switchgear and controlgear assemblies
61439-3: Distribution boards

61439-4: Assemblies for construction sites

61439-5: Assemblies for power distribution

61439-6: Busbar trunking systems

COGNITOR
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IEC 61439 CONCEPTS

* Discrimination between “TTA” and “PTTA” replaced
by the approach “verification”

* Word “tested” replaced by “verified”

* The design verification can be done by applying one

or more of the following alternative and equivalent

methods

eCalculations and measurements
*Validation of DESIGN RULES

* Laboratory tests.

COGNITOR
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Rule (T =temperature  F =force P=pressure ) | T P
1 | Short time current lower or equal to the tested one ? X
2 | Bus bar cross section lower or equal to the tested one ? X
3 | Distance between phases greater or equal to the tested one ? X
4 | Bus bar supports of same type and distance between insulators of
same phase lower or equal ... ?
5 | Materials, mounting ... equal? X X
6 | Short circuit devices are equivalent / same type and manufacturer ?
7 | Length of live conductor lower or equal ...?
8 | Compartments were included in the original tests ? X X
9 | Compartments are of the same type and dimensions higher or equal ? | x X
10 | Compartments have the same mechanical conception ? X X
“YES : to all items NO TEST and NO CALCULATION
“NO to some of the rules then additional verification by calculations

COGNITOR



IEC 61439 DESIGN RULES 356

COGNITOR
Table 13 — Short-circuit verification by design rules:
check list
Item
Requirements to be considered YES MO

Mo.

1 Is the short-circuit withstand rating of each circuit of the ASSEMBLY fto be
assessed, less than or equal to, that of the reference design?

2 Is the cross secltional dimansions of the busbhars and connections of each
circuit of the ASSEMBLY to be assessed, greater than or equal to, those of
the referance design?

3 Is the spacing of the busbars and connections of each circuit of the
ASSEMBLY to be assessed, greater than or equal to, those of the reference
design?

| Are the busbar supports of each circuit of the ASSEMEBLY to be assessed of
the same type, shape and material and have, the same or smaller spacing,
along the length of the busbar as the reference design?

5 Are the material and the material properties of the conductors of each circuit
of the ASSEMELY to be assessed the same as those of the reference design?

i Are the short-circuit protective devices of each circuit of the ASSEMELY to be
assessed equivalant, that is of the same make and series?) with the same or
better limitation characteristics {11:, IDH] brased on the device manufacturers
data, and with the same arrangemant as the reference design?

T Is the lenath of unprotected live conductors, in accordance with 8.6 4, of each
non-protected circuit of the ASSEMBLY to be assessed less than or equal to
those of the reference design?

A If the ASSEMEBLY to be assessed includes an enclosure, did the reference
design include an enclosure when verifiead by test?

S Is the enclosure of the ASSEMELY to be assessed of the same design, type
and have at least the same dimensions o that of the reference design?

10 Are the compariments of each circuit of the ASSEMEBLY to bhe assessed of the
same mechanical design and at least the same dimensions as those of the
reference design?

YES to all requireaments — no further verification requiraed.
‘WO o any one reguirement — further verification is regquired, see 10114 and 10.11.5.

LULHNITUK



COGNITOR 257

THE FUTURE IEC 62271-307  (medium / high voltage )

HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR :
Part 307 Guidance for the extension of validity of type tests

e This guide refers to ...enclosed switchgear and controlgear assemblies
for AC->1kV and £52 kV as specified in 62271-200 and 62271-201

 (Can be used for the extension of the validity of type tests performed
on one sample with a defined set of ratings to another switchgear
assembly of the same family with different set of ratings or different
arrangements.

* |t supports the selection of representative test samples composed of
functional units of a family of switchgear aimed at the optimization of
type tests in order to .... conformity assessment.

e Use sound technical and physical principles, industry experience and
calculations to establish rules for various design and rating aspects.

COGNITOR
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10.1- |IEC 61439-1 (DESIGN VERIFICATION)

If the tests were made by IEC 60439, before the
publication of the product standard of series
IEC_61439 and the results met the requirements
of IEC 61439 tests need not be repeated.

Assembly verified by the original manufacturer
and made or assembled by another manufacturer
does not require that checks be repeated (if the
original manufacturer's requirements and
instructions were followed).

Checking routine: in all assemblies

COGNITOR
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10.1-IEC 61439-1 (DESIGN VERIFICATION)

CONSTRUCTION

* Checking the strength of materials and parts;

Degree of protection of enclosure;

Checking the creepage and sectioning distances

Protection against electric shock ....

Internal electrical circuits and connections;

Terminals for external conductors.

PERFORMANCE:

*Dielectric properties;

*Verification of the temperature rise;
*Verification of the short circuit withstand current
*Electromagnetic compatibility;

*Mechanical operation.

COGNITOR



COGNITOR

2m

260

TEMPERATURE RISE TEST
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IEC 62208 - Empty enclosures for low-voltage switchgear and
controlgear assemblies - General requirement

6.3.1 SGeneral

The manufaciurer’s documeniation shall include all relevant constructional, mechanical
characienstics, the encliosure classification (S Clause 4) and any instrechom necess.ary for
the correct handling, assembling, mowunting and service conditions of the enclosure as well as
reference to this stamdand

= dimensions (see 6.3 2);

+= Mounting arrangements (see 6.3 .3);

= permissible loads (see 6.3 4);

= lifting dewvices, if necessary {see 6.3 .5)

& provisions for protection against electnc shock (see 6.3.6),
= apphcable service condibians (See Clause T);

e location and sire of protecied spaomce:

s rafled insulation wollage of gnclosures constructed of an mmgulating material]
e degres of protecticon (1K and IF codes, ses BT and 8 8)

The data for ithe thermal power dissipation coapability are a function of the admissible
femperatuné inssde the encloswre. They shall e proveded (o the different installabon methods
(e g. Mlush mowunting, Surlface mountlmg) of the e@nclosure and of e design Oof the enclasuns,
e wirth o witheaul wenidabion openmgs and number of honzontal pariitons They shall e lude
at least temperature rss inside the enclasure, at the op, and external surfaces Lemperature
nse, for a given power loss inside the enclosure. This wall provede the user with e cornect
data for the selectizn of the enclosure according to electrical eguipment o be installed. Faor
the purpose of the calculatkon, it s assumed that the heal generated by the selected
equipment is distnibuted uniformly inside the protected space

9.14 Thermal power dissipation capability

Tha theermeal  poosisr dissipation data proseded Dy e manuiacturer (e 6.3 1) shall b
detarnminad by test in accardance with 10.10.4 2.2 of IEC &1430-1-2011, or by a calculalion
maihod, & g accarding 1o IEC/TR E-DEEI{Il
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SHORT CIRCUIT WITHSTAND CURRENT
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INTERNAL ARC IN LOW VOLTAGE ASSEMBLIES

®Same concept of testing medium voltage but no horizontal indicators
®To be informed by the manufacturer:
Permissible current and arc duration (0.1 .... 0.5 s)
gcgnditional short circuit current under arc
@®105% Vn test voltage
® Cotton indicators 300 mm

®Criteria for approval

® According to the IEC the interested part (and not the lab) decides the
number of applications to perform (up to 5)
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INTERNAL ARC CLASSIFICATION AND CRITERIA

(a) Protection to persons
* Do not open doors
* You can not throw parts and pieces
* No holes in the outer parts
* Do not burn vertical indicators
* Protective circuit of accessible parts is effective

(b) Protection to persons and to the equipment

* Arcrestricted to the ignition area and do not propagate to
others .

(c) After the arcis able to operate in a limited way.

 Dielectrictestat 1,5V x 1 min
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Test implementation — ignition points

The following ignition points
have to be considered in the test: (5)

- (1) Load side of a feeder (outgoing functional unit)
- (2) supply side of a feeder (outgoing functional unit)

- (3) Along distribution busbars (6)

- (4) Along main busbars
- (5) Load side of an .incoming functional unit

(6) supply side of an -incoming functional unit’

No test is required if these ignition points fulfill the criteria of an

arcing-free zone. Insulation material must not be destroyed,
removed or punctured during attachment of the ignition wire.

COMMENTS ON POINTS OF APPLICATION:

It is optional whether or not to leave the circuit breakers enabled. The most used are:

* Breaker input not enabled - between 5 and 4 (so really there is an arc. Some customers require even not
actually happening)

* Breaker enabled in the drawer — between 1 and 2 - possibly will open and no arc. To use this feature you
need to make an adjustment with 10 cycles (electrodynamical stress there and not only outside)

* More severe depending on the volumes : 2 and 5 volumes
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Reference materials for the courses

SWITCHGEAR, BUSWAYS & ISOLATORS

and
SUBSTATIONS AND LINES EQUIPMENT

(focus In design techniques, specification, tests and simulations)

MODULE 7:
SIMULATION OF
HIGH POWER TESTS AND
THE USE OF THE SOFTWARE

COGNITOR

SwitchgearDesign_307

: Software developed by Sergio Feitoza Costa
www.cognitor.com.br
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Author of the software  SwitchgearDesign 307

 Test engineer and manager of Brazilian high power, high voltage and other
laboratories

* Chairman IEC -International Electro technical Commission —TC 32 - Fuses (1990-1994)
 Member WG A3.24 CIGRE International: Simulation ....... Tools .

* Member WG IEC SC 17 C / WG31: Guidance for the extension of validity of type tests
of ac metal-enclosed switchgear and controlgear

*Switchgear design development and simulation software development

*Training for substations and equipment design.

*Design of testing laboratories including the new lab in Brazil

Contact data:

Sergio Feitoza Costa

Cognitor — Consultancy, R&D and Training

Phone : ( 55) (21 ) 2465

Skipe sergiofeitozal ( we may speak in English, Portuguese, Spanish or French)
E-mail: sergiofeitoza@cognitor.com.br

Site: http://www.cognitor.com.br
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Software  SwitchgearDesign 307

The software was developed by Sergio Costa Feitoza over the past 14 years to help
in his consulting work to develop equipment for substations (medium and low
voltage) mainly PANELS, CUBICLES, BUSWAYS, BUS DUCTS, SWITCHES, ISOLATORS,
DISCONNECTORS, CCM’s  (including the previously named TTA / PTTA).

It is mainly applicable to products of the standards IEC 62271 , IEC 61439
and the related national standards

THE SOFTWARE ALLOWS SIMULATING THE FOLLOWING TESTS AND
MEASUREMENTS:

e Short time and crest withstand current (electrodynamical stress, mechanical
stress).

e Temperature rise tests.

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

e Mapping of electric and magnetic fields (coming soon)
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Software  SwitchgearDesign 307

It is a unique tool (search the Internet and try to find any) and it was not designed
for commercial purposes. The goal is to allow small and medium manufacturers,
with limited access to testing laboratories, to perform virtual testing to develop
their products before going to a testing laboratory for getting an expensive type
test report which can be used for commercialization.

For designers who go through the, they learn to use the software and, much more
than this, to better understand the design concepts and technical standards. The
tool greatly reduces the time and cost of product development. The software was
designed to be as simple as possible, based on the experience of Sergio of more
than 25 years in testing and design of equipment and testing laboratories. Joined is
also a long time experience in the participation in IEC and CIGRE working groups
and committees.

Through simulations of these tests that, when performed in laboratories, are costly
and time consuming, a company can develop the equipment using less copper and
aluminum, less insulators and other items that lead to a more economical, safe and
competitive product design.
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Software  SwitchgearDesign 307 VERSIONS:

The software is available in three versions shown in Table 1. The ideal
is the "Version Distributed in the Course" that is received by the
participants of the training. With the direct explanation by the
software developer the use is easier.

The "Version sent via Internet" was developed as an option for those
who want to evaluate the software without first attending the
training. It is expected that even without training, it is possible for a
designer with some experience using most of the features in this
release.

There is also a "Free Demo Version" which seeks to allow the
applicant to assess whether it would be able to use alone ,before a
training, the "Version sent via Internet”
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Features of this version Version
“Demo”

Simulation of temperature rise test Yes
Simulation of electrodynamical forces Yes
(short circuit tests)
Simulation of internal arc test Yes
3D geometry visualization Yes
Mapping of magnetic field No
Module MVSW1 (medium voltage cubicle) Yes
Modules LVSW1 e LVSW2 (low voltage Yes
cubicle)
Module DUCT _1 (busways) Yes
Module SWITCH Yes
(isolators / disconnectors)
Module FUSE_1 No

(expulsion type fuses)

Database and possibilities to modify, save

and create new cases.

Table 1: Versions of the software SwitchgearDesign 307

TWO DAYS TRAINING IN an OPEN COURSE No

Customized software

above versions.

including physical
arrangements and other cases not included in the

Only one case per each
module and type which
cannot be modified or
saved as another

Under request

Version
“Sent via Internet”

Yes
Yes

Yes
No
No
Just one executable exe
file for each specific
module sent separately
(you chose one of
MVSW1, LVSW_1,
LVSW_2, DUCT_1 or
SWITCH)

Up to 10 cases for each
type or module. You can
change and save the
changes in each of the 10
cases, but not create
additional cases, eg to
stay with 15 cases instead
of 10.
No

Under request

273

Version “Distributed in
the Course”

Yes
Yes

Yes
Yes
Yes
A single executable exe
file including all the 4
types / modules MVSW1,
LVSW_1, LVSW_2,
DUCT_1, e SWITCH

No

Comes with some cases
for each module and you
can create as many more

as you wish. In general, along
the daily use of a designer, it is
not necessary to create more
than about 10 cases per module

Yes

Under request
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TRAINING PROGRAM Read the program at http://www.cognitor.com.br/SoftwareEN.pdf

DIDATIC MATERIAL FOR THE COURSE
A free and complete version of the course (in English) can be downloaded at
http://www.cognitor.com.br/BookSwitchgearEN.pdf

The versions in Portuguese or Spanish are distributed only to the participants of the
course. The teaching material in this book includes the following chapters or modules

1. Studies Which Are The Base of the Technical Specifications
2. Overvoltages and Insulation Coordination
3. Short Circuits, Ampacities, Overloads and Electrical Contacts.
* Temperature Rise
Forces and Electrodynamical Forces during Short Circuit.
 Transient Recovery Voltages and Interruption Processes
4. Power Arcs and Safety of Persons and Installations
Technical Specifications Issued By Power Utilities
6. Medium Voltage and Low Voltage Switchgear Standards (IEC_62271-200 and IEC
61439)
7. Simulation Of High Power Tests and Use Of The Software SwitchgearDesign_ 307

nd
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INSTRUCTIONS FOR USE OF SOFTWARE
The instructions for using the software are formed mainly by Module 7.

TERMS OF USE AND VALIDATION SOFTWARE

Due to the complexity of the calculations and number of variables
involved the ideal situation is that you have attended the course to be
better able to interpret specific results and how these results relate to
the specifications included in the technical standards. Cognitor applies a
training course for use of the software (open course or "In Company").
This training can be applied in English or Portuguese or Spanish..

Regarding the RESPONSIBILITY FOR THE RESULTS, the program can be
used for the account and risk of the user and neither the author of the
software nor Cognitor are responsible for any uses or results that may be
given to the results obtained.
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Regarding the VALIDATION OF RESULTS some of the cases that come with
the software relate to tests effectively performed in testing laboratories.
These “validated cases" are shown in several articles published by the
author of the software that can be downloaded on the website
http://www.cognitor.com.br .

The difficulties of obtaining more information for validation of results are
mainly due to certain deficiencies and omissions in the current editions
of some technical standards regarding the information that should be
included in test reports issued by laboratories but are not included.

The article “VALIDATION OF TEST REPORTS ISSUED BY RECOGNIZED
TESTING LABORATORIES” published in the magazine “O Setor Eletrico -
Issue 82 - November 2012” and available here on
http://www.cognitor.com.br/ValidatingReports Eng.pdf Shows details of these aspects
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SIMULATIONS OF HIGH POWER TESTS AND USE OF SOFTWARE

State of the art of the use of simulations to replace some
laboratory tests

Screens and how to use the software SwitchgearDesign 307
Simulation of short-time withstand current and peak tests
(calculation of electrodynamical forces, mechanical stresses and

how to optimize a design)

Simulation of temperature rise / heating tests (calculations and
how to optimize the design)

Simulation of internal arc tests (overpressures, burn-through and
supportability)

Case studies with the software.
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STATE OF THE ART OF THE USE OF SIMULATIONS TO
REPLACE some LABORATORY TESTS

Simulation and calculation techniques can be used to foreseen
testing results at low cost.

Examples of applications are the internal arc tests in medium and low
voltage switchgear (performance under overpressures), short-time
and peak withstand current tests (electrodynamical and thermal
stresses) and temperature rise tests.

*This was not easy to do 25 years ago but now it is easy and many
manufacturers do it.

*Within limits, testing simulation may be used to extrapolate or even to
replace results of an already done laboratory test to other similar, but
not equal, equipment.
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STATE OF THE ART OF THE USE OF SIMULATIONS TO REPLACE some LABORATORY TESTS

|[EC 60076 - Power Transformers (short circuit tests)

Previous LV switchgear IEC 60439 : all type tests (TTA) or tests +
calculations (PTTA)

IEC 61439 (3 alternative and equivalent methods for design verification)

oTESTS: original manufacturer do all the type tests.

o|f untested equipment follow the instructions of the original
manufacturer and attend all the “DESIGN RULES” no need to test

(declarations)

elf some rules are not attended there is a possibility for
CALCULATIONS (temperature rise and electro dynamical forces)
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COGNITOR
Design rules |IEC 61439
Rule (T =temperature  F =force P = pressure )
1 | Short time current lower or equal to the tested one ?
2 | Bus bar cross section lower or equal to the tested one ?
3 | Distance between phases greater or equal to the tested one ?
4 | Bus bar supports of same type and distance between insulators of
same phase lower or equal ... ?
5 | Materials, mounting ... equal?
6 | Short circuit devices are equivalent / same type and manufacturer ?
7 | Length of live conductor lower or equal ...?
8 | Compartments were included in the original tests ?
9 | Compartments are of the same type and dimensions higher or equal ?
10 | Compartments have the same mechanical conception ?
“YES : to all items NO TEST and NO CALCULATION
“NO to some of the rules then additional verification by calculations
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STATE OF THE ART OF THE USE OF SIMULATIONS TO REPLACE some LABORATORY TESTS

*The working group CIGRE WG A3. 24 - Tools for Simulating Internal
Arc and Current Withstand Testing is working with this theme.

*Recognizing an increasing role of commercial modelling software in
the power industry, SCA3 decided to evaluate existing simulation tools
to determine to which extent they can be used as verification tools.

‘WG A3.20 concluded that simulation is an excellent and instructive
tool in particular in the development process.

*Good prediction of performance can often be possible in cases where
performance is proven by tests on similar designs (interpolation).

Extrapolation of test results and performance prediction of "new"
equipment designs seems to be possible in some cases.

*"'Brochure Internal Arcs" group CIGRE WG A3-24 - 2013
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CIGREWG A3.24:  TOOLS FOR SIMULATING INTERNAL ARC
AND CURRENT WITHSTAND TESTING

SF6 AR

Simulations to predict the
results of internal arc tests on
SF6 equipment if SF6 s
replaced with air.

*Reason: environmental
reasons, tests release SF6 to
the environment

*Use of simulations to reduce
the number of internal arc
tests
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Brochure TOOLS FOR SIMULATION
OF PRESSURE RISE DUE TO INTERNAL ARC IN MV AND

HV SWITCHGEAR
Name First Name Country Company
del Rio Luis Spain ORMAZABAL CORPORATE 1
Douchin Jerome France Schneider Electric
Dullni Edgar Germany ABB
Feitoza Costa Sergio Brazil Cognitor |
Fjeld Elin Norway Telemark University
Glinkowski Mietek USA ABB
Kim Hong-Kyu  Korea KERI
Kriegel Martin Switzerland Axpo
Lopez-Roldan Jose Australia Powerlink
Pater Ryszard Canada Hydro-Québec
Pietsch Gerhard Germany RWTH Aachen
Reiher Thomas Germany Siemens
Robin-Jouan Phillipe France Areva
Schoonenberg Gerard Netherlands Eaton
Smeets Rene Netherlands KEMA
Uchii Toshiyuki (Tc Japan Toshiba
Uzelac Nenad USA G&W
Van der Sluis Lou Netherlands TU Delft
Vinson Paul France Areva
Yoshida Daisuke Japan Mitsubishi Electric Corportion
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Paper presented in the CIGRE / Paris Paper presented in the CIGRE / Rio de
August 2008 Janeiro — Brazil 2007
§}¢e|gre CIGRE INTERNATIONAL TECHNICAL COLLOQUIUM

, : SEPTEMBER 12 I0-131h, 2007 7
reigre -Brasil IO DE JANEIRO - BRAZIL Q’ igre

21, e dArtois, F-75008 PARIS A3-210 CIGRE 2008 7 SCA3

htp : /www cigre.org

SIMULATIONS AND CALCULATIONS AS VERIFICATION TOOLS FOR DESIGN
AND PERFORMANCE OF HIGH-VOLTAGE EQUIPMENT CFD, IEC STANDARDS AND TESTING LABORATORIES: JOINING THE PIECES

FOR HIGHER QUALITY HV EQUIPMENT.
M. KRIEGEL, X. ZHU, H. DIGARD, S. FEITOZA, M. GLINKOWSKL A. GRUND,
LK. KIM, J. LOPEZ-ROLDAN, P. ROBIN-JOUAN, L. VAN DER SLUIS, . o
R.P.P. SMEETS, T. UCHIL D. YOSHIDA SXAROCRATRE: AAIHATON:

T Sergio Feitoza Costa Cognitor — Consultancy, Research and Training Ltd.
Cigré WG A3-20

CI1 GRE P ostCIGREPOST2012e Paris_ 2012

TOOLS FOR THE SIMULATION OF PRESSURE RISE DUE TO INTERNAL ARC IN MV

AND Y SWITCHGEAR Some articles here
N. Uzelac, Convenor (US) M. Glinkowski, Secretary, (US), L. del Rio (ES), J. Douchin )
(FR), E. Dullni (DE), S. Feitoza Costa (BR), E. Fjeld (FI), M. http://www.cognitor.com.br/en_download.htm

Glinkovski (US), K. Hong-Kyu (KR), M. Kriegel (CH), J. Lopez-Roldan (AU), R. Pater
(CA), G. Pietsch (DE), T. Reiher (DE), G. Schoonenberg (NL), S.

Singh (FR), R. Smeets (NL), T. Uchii (JP), L. Van der Sluis (NL), P. Vinson (FR), Y.
Daisuke (JP)

http://www.cognitor.com.br/Pos_Ter 2012.pdf
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S cigre CIGRE Technical Seminar ﬁ

P

Modelling and Testing of Transmission and Distribution Switchgear — st

March 24, 2010 BRISBANE - AUSTRALIA

VALIDATION OF SIMULATIONS OF ELECTRODYNAMICAL
FORCES, TEMPERATURE-RISE AND INTERNAL ARC
TESTS IN SWITCHGEAR

(and main parts of a code to do them)

Author name: Affiliation:
SergiO FeitOza Costa COGNITOR — Consultancy, Researc h and Training Ltd.

Email: sergiofeitoza@cognitor.com.br  Site : www.cognitor.com.br
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To enable the acceptance of calculations , by users, it is needed

to have in some IEC document

GUIDELINES FOR THE USE OF SIMULATIONS AND
CALCULATIONS

(An idea prepared by Sergio Feitoza Costa )

Complete text of the guide in
http://www.cognitor.com.br/GUIDE_Simulations_vO_October2010.pdf

explained in the article
http://www.cognitor.com.br/Article_Competitivity Eng 04102011.pdf )

Complete suggestion formally sent to the Brazilian National

Association Committee in April 2011.

Support of more than 20 companies interested in participating in the working group
(15 equipment manufacturers, mostly high and low voltage switchgear, testing
laboratories, certification bodies, utilities and users).
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Part of the presentation done by Sergio Feitoza Costa in

the meeting of the IEC working group WG 31 / SC 17C
held in Brussels -October 9-10, 2012

GUIDELINES FOR THE USE OF SIMULATIONS AND CALCULATIONS

2.2) SCOPE OF THE GUIDELINES

Guidelines for systematization of the use of simulations and calculations used to
replace some laboratory tests in situations where the common sense shows it is
reasonable to use it.

The use of simulations to replace tests is possible only when certain specific
measurements and registers are specified in the relevant product standards and are
presented in the laboratory test report.

This Guide specifies minimum measurements and photographic registers that shall be
done and registered in test reports, during laboratory tests specified in product
standards.
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(prepared by Sergio Feitoza Costa )

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

A model or method is acceptable when it produces validated simulation
results within acceptable tolerances when compared with the real test
results and this can be demonstrated in a transparent way.

Type of test Parameter to compare Typical values of
acceptable tolerance
for the calculated
values
Temperature rise test Temperature rise in solid and 1% to 5%
fluid parts
Internal arc test Overpressure in the enclosure 5% to 10%
above the atmospheric
pressure (crest and duration)
Short-time withstand current | Electrodynamical forces and
and peak withstand current mechanical stresses 5% to 15%
tests

Tt et R W0 rDR
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(prepared by Sergio Feitoza Costa )

DEFINITIONS

2.3.3 - Reproducibility of a simulation or calculation method

The capability of to obtain, for a specified set of input data the same test results
or the same simulation results in two ore more different occasions or two
different test laboratories.

2.3.4 - Validation of a simulation /calculation method or a
laboratory test report

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

A simulation method is generally acceptable, from the point of view of users,
when it is reproducible and gives a difference between simulation and
laboratory results not higher than a certain acceptable tolerance.
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(prepared by Sergio Feitoza Costa )

2.3.5 - Data to register in temperature rise test reports

. the circulating electric current,

e the total power dissipation inside the fluid compartment

e the materials used in the conductor and insulating parts

e the contact resistances and its coatings (total per phase and also
the ones of the individual parts like circuit breakers, fuses , isolators)
e the ambient gas or liquid fluid temperature (at the bottom , top
and 50% of the height of the enclosure),

e the fluid velocity

e the geometry and spatial position of the conductors

e the volume of fluid inside the compartments

e The input and output areas for ventilation

e The number of horizontal partitions inside the enclosure

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

3.6 - Data to register in internal arc tests laboratory test reports

The curve overpressure x time is the main performance indicator.
The data affecting the test and the simulations results :

e the circulating electric current,

e the materials used in the conductor and insulating parts

e the geometry and spatial position of the conductors

ethe volume of fluid inside the compartments

eThe input and output areas for ventilation and devices to close it during the
arc

*The areas for pressure relief after the arc

eThe relative position of the equipment in relation to walls and ceiling

eThe measurement of the internal overpressure along the test should be
registered.
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2.3.6 - Data to be registered in short-time withstand
current and peak withstand current test report

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

The data affecting the test and the simulations results

e The circulating electric current,

e The materials used in the conductor and insulating parts.

e The mechanical resistances of the insulators to compression, traction and flexion

e The geometry and spatial position of the conductors

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

e |f visible permanent deformations are noted after test, they shall be registered by
photos and an estimate of the maximum deformation

Question: Is it possible to include some “indications” for measurements and information
to register in the test report in an annex called in Section 4.3 (documentation) ? COGNITOR
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EXPLANATION ABOUT THE SOFTWARE

SwitchgearDesign 307

Screen for input data and geometry

« Screen for the presentation of the results
SCREENS AND SPECIFIC APPLICATIONS FOR :

Busways

Low and medium voltage switchgear

|solators

High voltage fuses (not included in this course)
Power transformers (not included in this course)

294
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T Explanation about the software SwitchgearDesign 307

INSTALLATION, BUGS and SIMILAR

e After having the installation file (file size is approximately 4XXX MB)
save it in some directory of your computer.

* To install SwitchgearDesign 307 just click on the file and give OK to
all the questions.

* The installer will create in your computer only one directory named
c://SergioFeitoza (if does it not still have one)

e If it was not created please create a short cut in the desktop for the
file C:\SergioFeitoza\SwitchgearDesign.exe

* The *.exe file, the tables with the database and all the few files will
be installed in this directory and its subdirectories. No other file or
directory will be created anywhere

* Itis not expected to occur but if you have any problems with the
installation please send me an email from your private email to the
email sergiofeitoza@cognitor.com.br informing what happened.

COGNITOR
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T Explanation about the software SwitchgearDesign 307

INSTALLATION, BUGS and SIMILAR

 Please do not use the Linkedln group for technical questions or
installation doubts

* Instead of this write from vyour private email to
sergiofeitoza@cognitor.com.br

* Please identify yourself to enable us to know who you are, if you
got the “version via Internet” or already participated in the course.

 As we are just starting to distribute the software it is expected that
some minor problems may arise.

* We are not referring to calculation problems but minor operational
problems that we can see only that many people start to use the
software.

* For each one we will do the best to correct quickly sending you a
new installer with the problem solved.

COGNITOR
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T Explanation about the software SwitchgearDesign 307

STARTING TO USE THE SOFTWARE

After the software is installed click on the icon and the next page
screen will open

* First of all , before starting to click everything
the possibilities of selections in this page .
If you do this and follow the step by step it will be easy.

, let”s understand

A

Select TYPE OF TEST

Insert
BUSBARS,
INSULATORS,
CURRENTS,
VOLTAGES.
MATERIALS

COGNITOR
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Explanation about the software SwitchgearDesign 307

STARTING TO USE THE SOFTWARE

e |If you did not have yet the training, in the initial moment, do not
check the box “ See more details” in the lower left side. If you
check some screens will be more confusing because will show

refinements details only useful in special cases.

- Create NEW
RIS = vy project

MP1a_65_Rel67752 N
switchgear type

30 See more details 'ﬁ LVSW_'I '-i L\UFEE'“HF_E '-i "H".II'H'FE;.H.'

COGNITOR
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Project
selected

Click INPUT
DATAto
change the
data or click
RESULTS to
do the
calculations
and to see the
test results

Click the
button NEW to
create a new
project equal
to the one
which is
selected (only
the name is
different) and
them change
the data and
geometry

INITIAL SCREEN

Type of test to
be simulated

IMut data geesn\rm] Resufts

SeltNyf the project (click 2 times)

Select
PROJECT

click twice inthe line

I -« »> L] = ¥ New
BusWay_3x150x10_CU_R_67131

De
v [

Click here to see the
geometry related to
the PROJECT TYPE
(type of equipment)

299
Data of the
selected
project(blue line
in the left side)

4
BusWay_3x60x10_Al_IEC365_2 Select TYPE OF TEST
MTH_2x150x10_CU_R_67131

Create NEW Select PROJECT TYPE
project

+ B

idx  Switehae

1-7Q3 :su 10 [l 4000 JFEET

1 - TR Copper =

| 8
G
e . .‘480

Air +40 -

Type of equipment project to be simulated (LVSW 1 &2 = Low Voltage
switchgear, MVSW1 — Medium Voltage Switchgear DUCT _1 = bus way ,

SWITCH = isolator )
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T Explanation about the software SwitchgearDesign 307

STARTING TO USE THE SOFTWARE

* The first possibility of selection is the box SWITCHGEAR TYPE which

represents the “Type of equipment project to be simulated” and is
in the bottom of the page.

e Select the option LVSW1 and after click (check) the box GEOMETRY
in the top of the page

owitchgear type

oLVSW 1 ®#LVoW 2 @ MVSW 1 @ DUCT_ 1 @ SWITCH @& FUSE_1

* A figure will appear showing the Circuit Breaker incoming column
of a low voltage switchgear. There you can see the dimensions
which enable you to change the geometry and many other data.

* Uncheck the box GEOMETRY and the figure will disappear showing
again the original screen.

e Do the same with the other options LVSW2, MVSW1, DUCT],
SWITCH and FUSE_1. In the next page we describe them.

COGNITOR
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T Explanation about the software SwitchgearDesign 307

e LVSW1: Circuit breaker column of a low voltage switchgear.
e LVSW2: Drawers column of a low voltage switchgear.

 MVSW1: Medium voltage switchgear with CB, cables and busbar
compartments.

e DUCT_1: Busway or busduct (low voltage or medium voltage)
e SWITCH: Isolator or disconnector

e FUSE_1: Expulsion type fuse

COGNITOR
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T Explanation about the software SwitchgearDesign 307

* Becoming more used with the GEOMETRY figures you will see that you
may create any imaginable design

* After some time of use you will see that this input data is the relevant.
There are design aspects that have very small impact in the overall
results. Examples are if the corners of the bars are rounded or not and
the color of the painting of the busbar.

By the other side there are design aspects that influence so much in
the results and even the technical standards do not specify their
importance properly. Examples are the ventilation area and the
resistance per phase of the switching devices.

e Simulations enable the designer to see things which would be
impossible to detect because would need hundreds of expensive tests.

COGNITOR
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Project
selected

Click INPUT
DATA to
change the
data or click
RESULTS to
do the
calculations
and to see the
test results

Click the
button NEW to
create a new
project equal
to the one
which is
selected (only
the name is
different) and
them change
the data and
geometry

INITIAL SCREEN
Type of test to

be simulated

It data 5&&3I}VUI] Results

SelcNy the project (click 2 times)

BusWay_3x60x10_Al_IEC365_2
WTH_3x150x10_CU_R_67131

click twice inthe line

o] - > L] = ¥ New

Select
PROJECT

303

Click here to see the
geometry related to
the PROJECT TYPE
(type of equipment)

Data of the
selected
project(blue line
in the left side)

Select TYPE OF TEST

idx  Switehae

1-7§> :su 10 [l 4000 JFEEET

1 - TRl Copper =

| 8
e . .480
Air ' 4

Type of equipment project to be simulated (LVSW 1 &2 = Low Voltage switchgear,
MVSW1 — Medium Voltage Switchgear DUCT 1 = bus way , SWITCH = isolator )
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* The second possibility of selection is the box TYPE OF TEST
SIMULATION

Type of test simulation

® Electromag Fields @ Temperature Rise ~ ® Internal Arc

 When you select an option that will be the calculation which will be
done and whose RESULTS will be shown in a new screen when you
click in the tab Results in the top — left side of the page

oot dta [secz0vol] resuts [

 The option Eletromagnetic fields will be operational soon. We are
still completing it.

|
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Project
selected

Click INPUT
DATAto
change the
data or click
RESULTS to
do the
calculations
and to see the
test results

Click the
button NEW to
create a new
project equal
to the one
which is
selected (only
the name is
different) and
them change
the data and
geometry

INITIAL SCREEN

305

Type of test to
be simulated

Click here to see the
geometry related to
the PROJECT TYPE
(type of equipment)

Data of the
selected
project(blue line

It data 5&&3I}VUI] Results

SelcNy the project (click 2 times)

BusWay_3x60x10_Al_IEC365_2
WTH_3x150x10_CU_R_67131

click twice inthe line

Select TYPE OF TEST

in the left side)

idx  Switehae

1-7§> :su 10 [l 4000 JFEEET

1 - TRl Copper =

| 8
e . .480
Air ' 4

Type of equipment project to be simulated (LVSW 1 &2 = Low Voltage switchgear,
MVSW1 — Medium Voltage Switchgear DUCT 1 = bus way , SWITCH = isolator )

CUOGLGNITUR
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The third boxes to fill are the ones showed in the right sid2of

the page and the geometry. Select LVSW1 in the bottom and
check the box GEOMETRY in the top of the page

 Depending on the type
of project selected the
items in the right side
will  appear slightly
different

* For example, if LVSW1 is
selected you will see the
1-6 conductors line and
also the 7 conductor line

 This will enable you to
use different
dimensions, numbers of
bars in parallel, currents
and even materials for
each group

* |f you are using DUCT_1
boxes named 1-7 will
appear because all the
conductors are equal

Inoutdta | seza0Vol| Resuts GEUHETRY

4= 897 Y= 259

1600 .y 802
I
I

1.6

1
I
1
1
I
I
I
I
!
: -
| 'd\sr {mm)
I O v
H spacers = \1
| |
I
2350 |
. 215
I \
|
I
| |
| |
! |
! |
| |
! |
| |
! |
! |
| |
! |
! |
| |
! |
| |
! |
! |
| |
! |
| |
: |
v ¥

.............................................

WWw.c r.?_t:]fj .‘; tor.com. bl’ ‘Swffcﬁgealr Deﬂ’gr 307

N (A)

X Pos
I O
6 I I o

Busbars covering
0 Bare
# Painted

Conductor material

o E
i E

Main contacts or joints resistance ohmE-6 k]

Enclosure material Plate (mm)

steeLowc_1010 | lﬂ

Crestfactor (frstcument peak) — Frequency (Hertz)

EmE K

Rated voltage (V)

[

E:‘ym 3C current [Hﬁ. msx s)

F\md ETerru\ emp

l

COGNITOR



COGNITOR 307

* In the next pages | do, for each type of equipment, the explanation of
what you should write in each box

 Have in mind | tried to use the minimum number of variables possible

* If after reading all of them carefully you still do not understand how to fill
the boxes the write to sergiofeitoza@cognitor.com.br with a detailed
description of your doubt

* Based on this | will be improving these slides and | will reply you

* Remember that the number of input data variables is big and by this
reason wrong combinations of numbers which may lead to nonsense
results or message errors.

* So be aware that the software is focused in people having some
experience in equipment design and able to identify that a certain result
is very far from expected.

* If this happens first check if the input data is correct . If you think this is
not the problem please write me..

* With many people using the software and having doubts in few months
these aspects will be improved and the software use will be easier.

COGNITOR
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INPUT DATA SCREEN

BUSWAYS

results

Number assigned to each conductor (#1 to # 7) to visualize

Geometry and
dimensions (mm)

Input data seeSD‘u‘uI] esuhs] Calculatur} \nsulaturs] Mategh

Conductors #1to 7
formed by 3 bars per
phase 150x10 mm

Coords [l Thermal W/ o

IE
1—
IE
dist (mm) 530
Dimensions mm spacers= [1

| conductor

=
[ S | joint

308

DUCT 1

Number of subdivisions in conductors # 3 e 5 and
corresponding distance between supports

Current applied in the
temperature rise test

(A)

y

——— o —

-
cognitor.com.br e 5,,,,;,;:;, iy

N x IN (A 7> Pos
s I I (==
Conductor material — | |
l

:
@ Painted

Main contacts or joints nce ohme-6

Eru losure material Plate (mm)

v I

Crest factor (first current pEﬂIr FI'HqIJI:!r'IIZ:‘_‘,I' (Hertz)

‘entilation opening

Bar in the Horizontal or
Vertical position

Material: copper,
aluminum

Bar coating: bare, painted

Joints resistance (nQ)
Conductors #2,4 e 6

Rated voltage (V)
Enclosure material

Fluid (air, SFs, éil ...)
Frequency

Short circuit current (KA,s),
duration (s) and crest factor

Ventilation openings area
(IEC 60890)

LULHNIT U
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INPUT DATA LOW VOLTAGE SWITCHGEAR

Number assigned to each
conductor (#1to# 7)to
visualize results

Geometry and
dimensions (mm)

Input data | see3) uI] Results] Calculaturl \nsulatursl Materials

X=893 Y= 24 ) W

The upper line is for conductors # 1 to # 6, in this
example 2 bars per phase 127 x 10 mm

The second line is for conductor #7 which in this
example 2 bars per phase 127 x 10 mm

Coords [l Thermot Www,ch_:;‘ﬁH 1r.com.Dr EEE Switchadfrd

‘[# N x B¥H IN@#

- ] of
6 !‘ £, I I K I (v

Conductor material

I

e ———_—

=

(o]
£
£n
=

.............................................

salis

[ EEa

Main contacts or joints resistance ohmE-6

Enclosure material Plate {(mm)

SteelLowC_1010 ~ 2,65

tfactor (first currentpeak)  Frequency (Hertz)

Rated volt

[
Flui External temp. C
Wﬁjmﬂi‘

309
LVSW 1

Number of subdivisions in conductor
# 7 and corresponding distance
between supports (in# 1to 6 is 1)

Bar in the Horizontal or Vertical
position

Bar coating: bare, painted

Current applied in the
temperature rise test (A)

Material: copper, aluminum

Circuit Breaker resistance (uQ)
Conductor s# 2, #3 and #4

Rated voltage (V)

Enclosure material

Fluid (air, SF6, ail ...)

Frequency

Short circuit current (kA,,,), duration
(s) and crest factor

Ventilation area, additional power
dissipation (IEC 60890)
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INPUT DATA LOW VOLTAGE SWITCHGEAR

visualize results

Number assigned to each
conductor (#1to# 7)to

Geometry and
dimensions (mm)

The upper line is for conductors # 1 to # 6, in this example
1 bar per phase 100 x 10 mm

The second line is for conductor #7 in this example 2 bars
per phase 127 x 10 mm

Z
L,
L
"
n
|| |

Pg

Input data eeBD\.-'u\] Resuhs] Calcu\aturl Insulaturs] aterials

N ¥ B H MNog Pos

D i K (ovs
£ 09 2 I I o)

Conductor material

o ez

5 F2
i —> >, Y " . .
\ 1 Enclosure material Plate (mm)
- = i - SteelLowC_1010 265
1 _ I [
: N= h | 4 Crest factor (first current peak) Frequency (Hertz)
1 dist (mm) [ '
H wmmJ 22 9 ]
| spacers= [3 \
I ! current (kKArms x s) Ratedvoltage (V)
1
’I_ £90
2215
i External temp. C
I Air - -+ 40 -
|
i —
|
I
1
|
)
1
]
]
i
| !
! L42 7_16 Ventilation opening. | Fyid speed ( ntarea (cm2)
‘ ; { )

.................................................... . —— _

Additional Watts in the compartment ,i
(except busbars, contacts)

310

LVSW 2

Number of subdivisions in
conductor # 7 and corresponding
distance between supports (in #
1to6 isl)

Bar in the Horizontal or Vertical
position

Current applied in the
temperature rise test (A)

Bar coating: bare, painted

Material: copper, aluminum

Rated voltage (V)

Enclosure material

Fluid (air, SF6, oil ...)

Frequency

Short circuit current (kA,,s), duration
(s) and crest factor

Ventilation area, additional power
dissipation (IEC 60890)
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Number assigned to each
conductor (#1to# 7)to
visualize results

Geometry and
dimensions (mm)

The upper line refers to conductors # 1 to # 6 , in this
example 2 bars of 63,6 x 10 mm. The second line refers to
conductor #7 ( here 1x100x10 mm)

Input data | see30Vg Results] Calculamr] Insu\aturs] Waterials

Wl Coords W Thermot www.cogwitor.com.br LR Switchaes

VE x Bx H
1

B

[ 1245

Crest factor (first current peak)

| I

SC current (kArms x 5)

K)B

R

(except busbars, contacts)

100
450 Enclosure material Plate (mm
SteelLowC_1010 + 28

Fluid External temp. C

¥ —

N I:jﬁ,"ﬁ

05
o) o | YT

'D\r"lH

o

Frequency (Hertz)

N

Rated voltage (V)
13800

M E

‘ Additional Watts in the compartment ’—50

311

INPUT DATA MEDIUM VOLTAGE SWITCHGEAR MVSW 1

Current applied in the
temperature rise test (A)

Bar in the Horizontal position

Bar coating: bare, painted

Material: copper, aluminum

Circuit breaker (CB)
resistance (uQ) CB
represented by conductors
#4,5 and 6

Rated voltage (V)
Enclosure material

Fluid (air, SF6, ail ...)
Frequency

Short circuit current (KA ,s),
duration (s) and crest factor

Ventilation area
(IEC 60890)




COGNITOR INTERNAL ARC TEST (ADDITIONAL DATA) 312
INPUT DATA SCREEN BUSWAYS & SWITCHGEAR

. . . : = oranierny = = e o m. b r i Switchaea
Consider that there are 2 compartments V1 and V2. The arc occurs at xBx H N®A Pos

the compartment V1 (switchgear compartment ). The hot gasses are
exhausted to compartment V2 which has a much bigger volume
< (10.000m?3 in this example)

e ———————— .
Type of test simulatio in kPa (befOI’e arc)

® Electrodyn Forces @ #® Electromag Fields ~ @ Temperature Rise  © Internal Arc 1.6 L e |
7

Input data [

compartments V1 and V2

Volume V1 is auto-calculated from the geometry plus an occupation
factor assigned in the results. Volume V2

‘ \ CCect 1TFEVF 1Eol ) Main contacts or joints resistance ochmE-6 80

4 oo o Enclosure ma: rial Plate (mm)
it
Burst pressure (relief device starts to open) RS, JE|

Crest factor (first current peak) | Frequency (Hertz)
INSULATO2S B
‘ A [ 1 > - - =
; - i . . CURRENTB' vm SC current (kArms X s Rated voltage (V)

Test duration (with the arc maintained) VOLTAGES. /

\ \ 25| - ED
‘ v ww Fluid Extern |temp. C
RN X E .

Consider or not the inductance of the switchgear

(reducing or not the arc current) Initial pressure at \d (kPa) |— 1073 IR
@ Cables
‘ Initial pressure at V2 (1 1013 Ji+] E:Edr
- ; i#® C_Breaker
Distance between the plate bolts or equivalent = l st volume V2 () ] e T

‘\ I
B /Createnew ™\ ( Select PROJECTTYPE ustpress. (°a) B (@ Frea@ awo

) Test duration (ms) R
| Use of absorbers grids (indication of effect) | N
Sens_Arc MP1_CB31_Relg5111 T — Dist. bolts (mm) 200 Consider S inductance

Switchgear type ‘ Absorber Effect (Grid

@ No areail area 5X@ 10X

30 ;  |®LVSW 1 @ LVSW_ 2 ©MVSW_1 # DUCT_1 @ SWITCH @ FUSE_1
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Number assigned to The upper line ( 1-3 ) refer to conductors #1 to # 3

each conductor (#1to# || in this example 1 bars of 40 x 12 mm. The second

7) to visualize results line ( 4-7 ) refer to conductors #4 to #7 ( here 2
bars of 50 x 6 mm)

Geometry and
dimensions (mm)

Input data | see3l Ul] Resunsl Calculaturl ||'|5u|atu|'5] Materials GEOMETRY [N Coords Thermol W W W.cC fj_w‘.?:’. itor.com. b r

A= 1898 Y= 380

Conductor materiz,

Main contacts or joints resistance ochmEe-6 a0

Enclosure material Plate (mm)

SteelLowC_1010 - 5

Crestfactor (first current peak)  Frequency (Hertz)

3C current (kA 5) Rated voltage (V)

- 24000

Fluid External temp. C

H X .

Click to confirm and save new value =

o{ﬁb
Y.
1000,

amuumm [Vain Blade 2

~ e (5round

313
INPUTDATA  ISOLATORS SWITCH 1

Current applied in the
temperature rise test (A)

Bar in the Horizontal or Vertical
position

Material: copper, aluminum

Bar coating: bare, painted

Select the blade which will
be calculated and the type
of arrangement for the
“Main Blade”

Joints resistance (uQ)
Conductor #5

Rated voltage (V)
Enclosure material

Fluid (air, SF6, all ...)
Frequency

Short circuit current (KA.,
duration (s) and crest factor

COGNITOR
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RESULTS VISUALIZATION

* Afterinserting all the input data, if you click the Results tab a

calculation will be done
[,i'?sl.'.FﬂD' l{ L-

oot dta [ secsovol] resurs [

.

* In the next pages, for each type of test, you may see the typical
results. Some of the cases are validated by actual tests done in
testing laboratories. For more details read the articles in
http://www.cognitor.com.br/en _download.htm With a special attention to the

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

COGNITOR
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RESULTS VISUALIZATION

e Avery common error is to input in the GEOMETRY dimensions which
are not coherent. With this objective | created the TAB See 3Dvol .

* If you click on it a 3D visualization will appear.

e If this figure is “strange” check the dimensions. If an error message
comes due to inconsistent dimensions go again to the GEOMETRY
screen and check them.

LY FOD B A e

Input data see3lVol | Results

COGNITOR
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——— RESULTS VISUALIZATION - TEMPERATURE RISE TEST

BUuswAY ( validated case Busway 3x150x10_CU_R_67131)

Input data geeg[wml Results GEOHETR'I' www.cognitor.com.br g Switchaea

K=h54Y=4 N (A) Pos

£ 2 0 I I (= o

Conductor material Busbars covering

i Bare
{I} #® Painted

i
T.@}l

Main contacts or joints resistance chmE-6

Enclosure material Plate {mm)}

Crest factor (first current peak) Frequency (Hertz)

B N

Sym SC current (KArms ¥ 5) Rated voltage (V)

B B I

b | P I Fluid External temp. C

Il [ ! I.I I.I ! . _ +4U T .
1 Vo Vo 1 1 1
| L.t Lt it _ ! i

S| S | E
N N

e
>

N = 5 -

dist {(mm) 733
Dimensions mm spacers= [I <]

.E. conductor
S | joint

- [ 810 -~ X
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—

BUSWAY ( validated case Busway_3x150x10_CU_R_67131)

See the curves of temperature rise along the conductors See the temperature rise limits in standards

.:. conductor \
.=. jDiI'It \

different points

RESULTS VISUALIZATION - TEMPERATURE RISE TEST

Resistance / phase (chm E-§)
Contactz  BusBars  Total

317

Power digsipation total (W)
Contacts Bars Cthers

| 15| 3| 4
Resistance Reactance Impedance
Ohm E 8 Ohm E & Ohm E -8
| 4 EE A

I 2195

Watts Total

0 0

0

434 1489

2196

Dools =

FIuidTemperAre Rise
/ near top

—dT/ di
(o}
(i}
o
1
(o]
ol i

Temperature rise (K) above the temperature of the external air at
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——— RESULTS VISUALIZATION - TEMPERATURE RISE TEST

BuswAYy ( validated case Busway 3x150x10_CU_R_67131)

Point of the measurement at central phase B Test result (K) Simulation result
(K)

Connection at the start conductor # 2 72,4 73to 77 (*)

Bus-bar at conductor # 3 84,0 78

Connection at the center conductor # 4 83,5 85

Connection at the end conductor # 7 (short circuit 66,6 66

point)

Enclosure side at 50% height 30,2 30

Fluid inside near top not measured 54

Total resistance per phase = joints + bars (uQ) not indicated 15+31=46

Joints resistance (uQ) not indicated 8

Ventilation No

Bus bar Copper 3 x (150x10) mm Horizontal

It is not possible to identify exactly to position of the thermocouple

COGNITOR
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| Inputdata] seed0Vol Hesults

specified in the technical standards

35 /651 40
I Contacts: silver or nickel coated: inair ! in SF& { in oil 65 / 85 / 50
I Contacts: tin coated: inair { in SF§ [ in il 50 /50750
I Connections:  bare copper or aluminum and alloys: in air / in SFS / in oil 50 /75 1 BO 30
AT I Connections:  silver or nickel coated: inair / inSF& / in oil 75 ! 75 1 B0 G5 3
i1 I Connections: tin coated: in air / in SF& / in oil 65 / 65 I 6O 65
I Terminalz for connections to external conductors: bare [ silver or nickel or tin coated 50 [ 85 70 30745 E.
I Insulating materialz or metalic parts in contact (class) Y / A JE/J B/ F 50 /65/80/90/115 50
I Insulating materialz or metalic parts in contact (class)  Enamel oill Enamel sinthetic / H 60 J B0 J 140 50 E.
I Insulating materialz or metalic parts in contact (class) 9041050 30M55/1306220 SO/GS/90/115/140/180
I Terminalz for connections to external conductors: bare [ silver or nickel or tin coated 50 [ 85 70 30745 E.
I Any metalic or insulating part in contact with oil (except contacts) G0 r
I Accessible parts expected to be touched in normal service 30 \
I Accessible parts  not  expected to be touched in normal service 40 \
I Metalic parts acting az springs see standard \
I Manual operating means  metalic /insulating surfaces 15 1 25 \
I Accessible external enclosures and covers: metal surfaces / insulating surfaces 30 740 \
I Copper busbars and conductors ( far from contacts and connections) 105 (annealing) q\
I ‘Werlded joints (barramentos) G5 -
1 [ r
]| L] W

319

RESULTS VISUALIZATION - TEMPERATURE RISE

Resistance / phase (ohm E-5)

Contacts BusBars  Total

| 15 [ 31 | 46

Resistance Reactance Impedance
Chm E & Ohm E & Ohm E 8

| 46 | 519 | 521

Power dissipation total (W) m

Contacts Bars Others Viatts Tota

0 0 | 0

434 1489 | 2196

0 0 | 0

Point A |66
B [0 [T
c
D |88
4 .
F N6 | .

FIdeemperatL;r:aiiEE -
-5
/7
/7
/7
/7

v/

- Compare the calculated values with the temperature rise limits

COGNITOR
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——— RESULTS VISUALIZATION - SHORT TIME CURRENT TEST

BuswAYy ( validated case Busway 3x60x10_Al_IEC865_2)

input data | see3Dvol | Resuts Becids _ SwitchgeardR
e 836 Y= 573 # N * B* H N (A) Pos
| £ ] T I

‘GEOMETRY: www.cognitor.com.

Conductor material

Main contacts or joints resistance ohmEg-6

Enclosure material Plate (mm)

Aluminum -

Crestfactor (first current peak)  Frequency (Hertz)

2

Sym SC current (kArms x 5) Rated voltage (V)

16 10000

Fluid External temp. C

N = 3 -

dist (mm) 1000
Dimensions mm spacers = [T <]

.=. conductor
B | joint
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——— RESULTS VISUALIZATION - SHORT TIME CURRENT TEST

BUSWAY ( validated case BusWay 3x60x10_Al IEC865 2)

Input data ‘ zeeiDVol Results www.cogn itor.com.br i EW!'fcﬁ 2

Distribution of forces along the conductars { N/m ) and forces in the insulators Crest current (kAcr) ’ﬂ
1800 oo N r— Y VORI D @ R ¥ USSR J— F R S '
14004 , Tl S ‘. ............ Symectrical current (kA ef) ’715
12004 --ooooeee S Forces - (N)-applied in the-insulators focated-in-the -extreme-of. - ,
1.0004--------- T omeipoeeeaienr B ..~ SRR Assymetry factor 1,91
8001 N each conductor . inthe 3 directions........ X (red),. Y (green) . ... .
igg Tt and-Z-(red)
00 FORCES & STRESSES  Limit values
0 o 3] 3] 3] T 3] ] 7] O
2004 T T T T e T R e T E L PR PR
). Forces distribution ... Maximum values. which.can be applied in the insulator.or_.... . o
A (NIm) maximum values of mechanical stress for not having a visible - | ;) [ a0 SEE
0004y permanent deformation................... -
200 g o
A0 - -
B B e e e o e

222222333333333333333344444455558508058080808050080808086BRBGT7T7TTT
MNumbers of the conductors as side by side

Mechanical Stresses in the conductors (N / mm2 ) 180

[ Plate

Forces X(N) | 1511 Compression| 60000
Forces Y I:N)’—ﬂ Tracion| 2000

Flexure | 10000
Forces Z (N}’—[] .

Compare the force direction (XY .Z) with
the type of reaction consideringthe o | 200
insulator position

‘ Minimum required Cross Section (mm2) 1477

kArmS 16.0 Duration (s) 1.0
‘Aluminum Calc

[ iCalculate temperature reached with another areg R_

N 277333333333333333333333333333333339444444444445555555055555500505000C0C0CCCOnECoRRnREErERRETTTTTTTTTTT
Mumbers ofthe conductars as side by side
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TOR  RESULTS VISUALIZATION - SHORT TIME CURRENT TEST

BUSWAY ( validated case BusWay 3x60x10 Al IEC865 2)

The “Test result” is the calculation presented in. IEC 60865-2 (1994) — pages

19to 27

Parameter Test result Simulation
result

Max. Mechanical stress oH (N/mm?2) 24,7 25
Max. Mechanical stress oT (N/mm?2) 16,1 17
Total max. mechanical stress oH + oT 40,8 42
(N/mm?2)
Max. Force on the insulator in - 11
compression or tension (N)
Max. Force on the insulator in flexion (N) 1606 1611

COGNITOR
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Medium voltage switchgear

Internal pressure during internal arc (kPa)

160
130+
140
130+
120+
110
100
90
80
70
501

L=

_____________________________ }_J.U.t?tﬂ@!_pr_e_S_S__U_r_Q_Q!Qng_t%_t_d_u_f_@t_ign___C_!J_ryg___________________________________________ v

pro 4

______________________________________________________________ Performance indicators , plate deflection” =
Arc voltage burnthrough o

IR A 4 42

Time along test duration (ms)

323

RESULTS VISUALIZATION -INTERNALARC TEST

( validated case MP1 _CB31IArc_valid ROZV050U

Pressure peak (%) 50
kPa  [1g2
Overpreszure duration 46

Integral detaP *dT* E+3

36

Minimum plate no burnthrough |[n1m]|‘1.‘1‘1

Burnthrough % of plate thickness I 23
M. deflection / deformation (mm) | 0,71
Arc current - pressurized (Arms) |35300

¥ Checked if switchgear inductance considered

u
5%

Arc Speed  (mis) 3

RELIEF AREA (m2): this area is calculated 0,248
as the product of the dimensions showed

in the geometry. If there are grids ireducing

the area consider it in the geometry

Arcing time (ms)

Arc voltage (V)

Vol each column  x ocupation % = net md

oz [0z [ oss [ (o

IMP1_CB3‘1 [Arc_valid_ROZV050U

o |

T LTAT T TN



COGNITOR RESULTS VISUALIZATION - INTERNAL ARC TEST

Medium voltage switchgear

( validated case MP1 _CB31IArc_valid ROZV050U

324

Parameters Test result Simulation result
Rated voltage (KV) 13,8
Current kA rms and duration (s)  prospective 31,5-1s

Current asymmetry

2,5 crest factor

Frequency (Hz)

50

Arc compartment volume ( m 3) x occupation factor

1,026 x 0,53 =0,54

Pressure relief area in the tested compartment (m?) . 0,8 x 0,31 = 0,248
There is a grid reducing the exit area around 80%

Arc voltage (V rms) 530 585
Maximum overpressure above 1 bar AP ( % ) 50to 52 50
Overpressure duration ( ms) 42 to 46 46
Integral Pressure curve along the time (bar*s*1000) - 26
Time to 100% AP (ms) 18 to 20 21
Time to 50% AP (ms) 24 to 26 36
Ventilation No
Absorbers or parts like grids working as absorbers Yes

COGNITOR
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CREATION OF NEW CASES

MP1a_65_Rel67 752

See more details

* This is possible only with the “version distributed in the course” and, is
explained in the course

 The fundament is that when a NEW case is created a new line is
included in the data base tables exactly equal to the one which was
selected before. The only difference is the “name “ of the new case .

* You will just rename it as you wish and change the input data and
geometry as you wish

COGNITOR
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This feature here is under development. It is awaiting a sponsor willing to pay 3 months of
work of the developer of software plus 2 days of testing in a high power laboratory to do
the results validation. It is a method to identify the impact of the design parameters on the
burning of the cotton indicators in internal arc tests. The burning of horizontal indicators is
the major cause of failure in testing of internal arc

COGNITOR
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CASE STUDIES WITH THE USE OF THE SOFTWARE

( PRESENTED IN THE COURSE USING THE SOFTWARE)

COGNITOR

SHORT TIME AND CREST WITHSTAND CURRENT

(ELECTRODYNAMICAL STRESS, MECHANICAL STRESS)

 Normal use and explanation about performance indicators

* How to optimize the number of insulators

* How to optimize the type of bars considering also the
temperature rise requirements

COGNITOR
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CASE STUDIES WITH THE USE OF THE SOFTWARE
( PRESENTED IN THE COURSE USING THE SOFTWARE)

TEMPERATURE RISE TESTS.

* Normal use and explanation about performance indicators

 How to optimize the ventilation solution

* How to optimize the type of bus bars

 How to consider the relationship with the internal arc test
requirements

COGNITOR
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CASE STUDIES WITH THE USE OF THE SOFTWARE
( PRESENTED IN THE COURSE USING THE SOFTWARE)

INTERNAL ARC TEST

 Normal use and explanation about performance indicators
 How to optimize the pressure relief device

* How to optimize the plate thickness

 How to consider the burnthrough effects

 How to consider the relationship with the temperature rise test

COGNITOR
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COGNITOR

OPTIMIZED DESIGN (customized versions only)

o Maximum distance between insulators x mechanical stress x short
circuit current
a  Maximum rated current x temperature rise
In the internal air
In the connection (hot spot)
In the doors
With or without ventilation openings
With or without additional dissipated power (drawers)
a  With variable contact resistances (circuit breakers, switches,
fuses)
a  Minimum thickness of steel plate with pressure not to break with arc
a  Minimum thickness of steel plate without arc holes ("burn-through")
o Minimum area and fast relief of overpressure

o 0o 0O O

(]

COGNITOR
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4200 . ”
<100l Maximum current (Amperes) 130~2< 10 mm
scood N = - '~  S— --[3939
ss00f  With ventilation openings 100 ./ |
3.800 - %=
7 m2 and dissi wer - ---- 383
s \‘c and dissipated power 0 / | |
=0t - Watts — except busbars = 110% 20 5z
3300 SEXN
2200 =il
- — .
2.900 : ‘ 2.868
i1 7 ~100 x 10 mm
2.600 -
2.500 /
2443295
2.300

| 2.166 | .0

22001
2.100
2.0q7.512
1.9q0 M
1.800°
1.700

1.6 1.530 |

OPTIMIZED DESIGN (customized versions only)

T~90x10 mm

Temperature rise (K) in the connection

1

COGNITOR
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R OPTIMIZED ECONOMICAL DESIGN
(customized versions only)
OBJECTIVE TO FIND Limit value (Y)
0 -Maximum distance between insulators for a given short circuit current and design  (busbar Gr. 1) [EERELESEREGTE L] - Order of magnitude of costs (USD)
© 1 - Idem previous line but for busbar group Gr. 2 Stress TaH + Tal T (N/mm2) Condutor Isoladores  Involucro

(USika) (UStun) (US/ka) Calcule custo

2 - Maximum dissipated power to use in compartment BLUE  for a certain rated current total
-B -10[| -I (necessdrio

" 3 - Maximum dissipated power to use in compartment WHITE for a certain rated current _ -
[ iS5 i . Condutor Isoladores Involucro  [REEIEHEEEIES
" 4 -Maximum dissipated power to use in compartment YELLOW for a certain rated current (kg)  (unidades) (ko) ‘Resultados™

b - Maximum CB resistance in compartment BLUE for a certain rated current

6 -Minimum plate thickness to support the overpressure during internal arc test at a certain current Condutor Isoladores  Involucro Outros
(U$) (US) (us) (US$)

o0 Qo T Tl

7 -Maximum plate deflection for a certain internal arc test current
" B -Minimum plate thickness to avoid "burnthrough”.
8 - Maximum CB resistance in compartment BLUE for a certain rated current

10 -Maximum current for a certain thickness to support the overpressure during internal arc TOTAL 15 = 6586,0
© 11 - Minimum pressure relief area for a certain current and plate thickness
12 -Minimum pressure relief area for a certain current and plate thickness Calc Sensitivity

SENSITIVITY  AMALYSIS. % of limitvalue  The central value in the X axis is the one in which the project was based

| 25 26 27 28 29 30 31 32 33 34 35 35 37 38 39 40 41 42 43 44 45 46 47 43 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 65 67 65 69 VO 71 72 VI Y4 VS 7B V7 VS 79 80 &1 82 83 84 85

Short circuit current(kA)
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Thank you very much |
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For suggestions and contacts

Sergio Feitoza Costa
Cognitor — Consultancy, R&D and Training
Phone : ( 55) (21 ) 2465 3689 or (55) (21) 33934600

Skipe sergiofeitozal
( we can speak in English, Portuguese, Spanish or French)

E-mail: sergiofeitoza@cognitor.com.br
Site: http://www.cognitor.com.br

COGNITOR
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Livro produzido pela
Camara Brasileira de Jovens Escritores
Rio de Janeiro — RJ — Brasil
http://www.camarabrasileira.com

Email: cbje@globo.com

335
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Free download of a non technical book
written by Sergio Feitoza Costa

Version in Portuguese
Title: ENTRE CALCULOS, MUSICAS E MEDITACOES

. - : Ca CAlemoS
http://www.cognitor.com.br/LivroSergioFeitoza2012.pdf | i

&'fyrb Feitora Costa

Version in English

Title: BETWEN SONGS, CALCULATIONS AND MEDITATIONS

http://www.cognitor.com.br/LivroSergioFeitoza2013.pdf

Hear Sergio songs ( 3" CD)

http://www.gravadoravirtual.net/sergiofeitoza

COGNITOR
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For a long time | had been taking the courage to leave, as a “free book”, this text used as reference for two
training courses that | have been applying for many years all over the World. Now it is done and | hope that
this material can be useful to professionals who did not participate in the courses, to teachers and to
electrical engineering students.

| am also making available the software SwitchgearDesign_307 developed by me for the design of
switchgear, busways, isolators and other equipment for substations (part 7 of this book).

The explanation on how to get both is in the first page of the site http://www.cognitor.com.br

There you will find also “free”, my recent non-technical book entitled “Between calculations, songs and
meditations” and a link for the songs of my 3™ CD where | sing some of the songs | composed.
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