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High Voltage Power System

T isair




/ Presentation

LYY

w28 JUo PO 5l s @

,» LIFASA 5, =5 oL L International Capacitors SA LS
e dled 5 00335 el Lol b o bl o s V¥R J
sl ild 081 oyl o 5l (B Dlimes colw anl o 1) 05
G yas (65w g o,lgom g 00lgs Lis g a0 YUT (Signlo 0o
Elad sacee Jds e dy g Sl o0l 1B 0e 5 el Wl o) 65,0
&QLL.@)Q KW u_ulLt.]a_uJA u‘)_‘{,’?u 6)|Jj)laij~J $9) l) »)5_’.>
el 03— )SJM 9 uLo.a_..J sQYP ‘LS"':—"’ 9y 5)lf ) Sds Gy

Ve ag |y 095 O¥gamme o0 0 5 o VAT w5l (ShaS ol
= gr’L“"S L)—l‘ ool &-JYM ] °‘>9-°'; )o‘_.a o)lj A L) )9_...5
il e (g s slo 4l g Lo asliales gl SleS

o MIORE THAN 65 YEARS OF HISTORY

International Capacitors S.A. is a consolidated company in
both Spanish and international markets thanks to many
years of experience and dedication to what it has been its
product par excellence along its history: the capacitor for
the electrical installation. With its commercial brand name
LIFASA, present in the market for more than 60 years and a
constant technical and technological evolution, it has succee-
ded in getting adapted continuously to the progress and mar-
ket requirements nowadays.

LIFASA capacitors are present in the market since 1949.
More than 50 % are exported to 70 countries in five conti-
nents. Capacitors are manufactured according to European
and other International Standards. They have obtained lar-
ge number of certificates and approvals.
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¢ HIGHEST QUALITY STANDARDS

International Capacitors S.A. has been from its beginnings
a pioneering company in the promotion of the quality of
its products. Since 1987, it maintains an ISO9000 Quality
System periodically audited by international bodies.

At present, it has quintuple certification 1S09001:2008,
1SO14001:2004, OSHAS 18001:2007, IEC QC 080000-RoHS
and REACH, that guarantees the highest quality standardsin
its products, while they are manufactured in a way both en-
vironmentally friendly and safe and healthy for its workers.
It also has energy efficiency certification ISO 50001:2011
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o COMPREHENSIVE SERVICES

The company is commited to give the best service with
maximum flexibility to meet customer requirements.

e Economical and technical advices.

e Support in installation and commissioning.

e Permanent support during the whole life of our products.
¢ Trainig on site and in factory.

e International warranty.

Every person in the company is trained and motivated to
participate actively in achieving this objective.
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¢ High Voltage fixed capacitor banks
- of 5/6.6kV with 3 phase capacitor units
- of 22kV with single phase capacitor units
- of 33kV with single phase capacitor units
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1. Compensation of H.V. systems
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1.1. Where to compensate with
H.V. Capacitors?

Compensation is recommended for the power systems used for
energy distribution or to feed H.V. machines, where consumer could
avail return on investment within a shorter period. High voltage
power capacitors are meant for power systems where network
voltage is more than 1 kV. (normal service voltages of H.V. network)

Some of the examples are:

» Cement factories.

e Electric arc furnace installations.

¢ Chemical and petro-chemical plants.

e Water pumping stations.

® H.V. motor control centres.

e Water purification plants. Desalination plants.
e Wind farms.

e Airports.

* Power generating stations and mini power generating stations.
e Transmission centres / Sub-stations.

® Paper manufacturing units.

e Electric power distribution companies.

* Large industries in general.
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1.2. Compensation at H.V. side or L.V. side

Industries and installations working on low voltage, but power
supply is taken from H.V. net work, there always exist a doubt -
whether to compensate on high voltage side or low voltage side.
In order to calculate the reactive power requirement, it is necessary
to know the reactive energy consumption of the plant. If the
reactive power requirement found to be high, it is advisable to
select compensation at high voltage.

In case we find that the reactive power requirement is not less
than 1 Mvar, high voltage compensation is recommended.

However, normally such installations are found compensated at
low voltage side. On the other side in large industries consuming
low voltage as well as high voitage, power compensation at both
levels are required. Low voltage compensation could be provided
at distribution boards of low voltage power system and high
voltage compensation at sub-station or high voltage load centres.

It is not advisable to have only one type of compensation. In high
voltage system, it is difficult to get a faithful pattern of de kvar
load variation. Where as in low voltage side a higher kvar installa-
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tion demands higher investment. In both type it is necessary to
obtain an optimum value of power factor with a most economical
capacitor installation.

The capacitor installation could be fixed or automatic type.

1.3. Benefits of capacitor
installation

The reduction in inductive reactive power consumption will help:
e To reduce penalty for low power factor on electricity bill.

Technical advantages:

e Increased active power output from power transformer.

® Reduction in power loss in cables and conductors on account
of reduction in current.

* Reduced current increases the life of switchgear and cables
connected.

¢ Improved voltage at receiving end. In this case it is recommended
to connect capacitors at load end or near to the point of power
consumption.

® By compensating at sites of harmonic generation, by high voltage
capacitors reduce the harmonic contents in low voltage system.
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2. Compensation of power transformers
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Power transformer is one of the major consumer of reactive power
and installing capacitors with power transformer for total con-
nected load has various technical advantages.
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For determining the total reactive power losses we have to consider
the magnetising current, which is practically constant from no
load to full load condition, and on account of it no load power of
transformer is almost constant, irrespective of the load conditions.
The no load compensation power (kvar) requirement, is depending
on this value. Transformer supplies also the reactive power of
connected loads, which of course, varies depending upon load
variations.
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TABLE FOR FIXED COMPENSATION OF H.V.POWER TRANSFORMERS.

Power rating Primary secondary
MVA voltage kV voltage kV
2500 20a 30 3a16
3150 20a30 3al6
4000 20a 30 3a16
5000 20a30 3al6
6300 10a36 3a20
8000 10 a 36 3a20
10000 10a36 3az20
12500 10a 36 3a20
16000 45 a 66 3az20
20000 45 a 66 3a20
25000 45 a 66 3a20
31500 45 a 66 3a20
40000 45 a 66 3a20

Short circuit Capacitor power for no Capacitor power for on
power Ucc % Joad compensation kvar Joad compensation kvar

6,5 45 149

7 57 198

7 72 251

7,5 90 330

8,1 114 440

8,4 144 574

8,9 180 750

9 225 945

9,3 288 1240

9,4 360 1563

9,7 450 2002

11 567 2785

12 720 3792

These value are indicative
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Above formula is used to calculate the reactive power consumption
of a transformer where

Qt : Total reactive power

Sn : Power rating of transformer

lo : No load current

Ucc : Impedance voltage

S: Actual load on transformer.

This power consists of two parts:

First part (Sn. lo) is constant,depending upon the magnetising
current, and this is almost 0,5 to 2,5% of the power rating of
transformer. The second part is proportional to the square of
power (load) on the transformer at any time. Total reactive power
consumption of a distribution transformer is around 10% of full
load.

Transformer manufacturers recommend, not to connect capacitors
of power rating (kvar) more than 15% of full load power rating
(kVA) of transformer, as permanent fixed compensation. This is
to avoid possible damage to the transformer, in case it is kept
energised for a long period in no load condition.
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3. Compensation of motors/asynchronous generators
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Another type of major load, which are normally connected to high
voltage net work is motors/asynchronous generators. This is a
very important installation and requires a lot of attention in ins-
talling, operating and maintaining. For the reactive power
compensation of this type of load connected to the high voltage
net work, three methods are possible:

Capacitor for direct connection across machine terminals
Capacitor for parallel connection to machine
Group compensation - automatic
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The initial investment on this type of machines, is high on account
of various associated control and protective systems to be
incorporated with the basic equipment. This calls for an appropriate
reactor power compensation scheme, which is functionally and
economically most viable.

Capacitor connected to a rotating machine is faced with a particular
phenomenon called auto-excitation. When a machine is
disconnected from power supply, it continues to rotate for some
more time due to inertia. The discharge current from capacitor
provides exciting current and this give rise to voltage generation.
The over voltage created by this phenomenon is harmful to
capacitor as well as machine.
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In A.C. machine, the reactive power is to the order of 30 - 40% of
its rated power. Therefore it is a major consumer of reactive power
from system. Normally, power factor correction of this type of
installations is done by connecting a capacitor bank of suitable
rating directly to the terminals of the motor.

The switchgear, controls and protective system of machine operate
both capacitor and machine simultaneousely. This is the most
common and economical method used for reactive power
compensation of rotating machines. However for more feasibility in
operation and maintenance of capacitor, it could be connected to
the terminals of machine or to the busbars, through a separate
switchgear. Depending on the choice we will proceed accordingly.

When a number of motors are connected to a busbar in a motor
control centre, the best method is to install an automatic H.V. Power
Factor correction Panel, just as in case of low voltage systems. In
this case, a capacitor bank, with power rating (kvar) determined to
suit the power rating of various motors connected to the system
and maximum number of motors at any time remain energised is
selected. The bank is then divided in to a number of steps of equal
or unequal kvar based on load conditions. The capacitor steps get
switched in or out automatically. The difference between this type
of installation and others is that the initial investment is high. However,
with the precise and efficient compensation, in long run it would
be more beneficial.
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Capacitor for direct connection across machine terminals
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Qm<0,9x lox Un x3
Qm <2 x Pn x (1-cosoi)

(Qmis normally 40%-30% of
Pn depending on cose which is 0,8 - 0,85)
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Qm = Capacitor power max. in kvar
lo= No load current of motor (A)
Un =Nominal voltage (V)

Pn: Rated power of motor (kW)

cosgi: Initial p.f.

The figure shows the mode of connection. Control and protection
is common for the machine as well as capacitors.in this case we
have to limit Ic < lo (no load current of motor), so that there is
minimum chance of auto-excitation.

The maximum permitted power (kvar) of capacitor is determined
with the formula:

Qm<0,9x lox Un x V3

Qm <2 x Pn x (1-cosoi)

(Qm is normally 40%-30% of

Pn depending on cose which is 0,8 - 0,85)

With this cos® max. we get for individual motor is 0,95 approx.
Qm = Capacitor power max. in kvar
lo= No load current of motor (A)
Un =Nominal voltage (V)
Pn: Rated power of motor (kW)
cosoi: Initial p.f.
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Motor Rating (kW) Cele Cos® initial
Cos O initial of motor (0,8) Cos @ initial of motor (0,85)
Cos O final Cos ¢ final

0,95 0,96 0,98 0,95 0,96 0,98
150 63 69 82 44 49 63
175 74 80 96 51 57 73
200 84 92 109 58 66 83
250 105 115 137 73 82 104
300 126 138 164 87 98 125
350 147 160 191 102 115 146
400 169 183 219 116 131 167
450 190 206 246 131 148 188
500 211 229 273 146 164 208
600 253 275 328 175 197 250
700 295 321 383 204 230 292
750 316 344 410 218 246 313
1000 421 458 547 291 328 417
1200 506 550 656 349 394 500
1250 527 573 684 364 410 521
1400 590 642 766 407 459 583
1500 632 687 820 437 492 625
1750 737 802 957 509 574 729
2000 843 917 1094 582 656 833
2300 969 1054 1258 669 755 958
2500 1053 1146 1367 728 820 1042
3000 1264 1375 1641 873 984 1250
3500 1475 1604 1914 1019 1148 1458
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Figures in blue is kvar value of capacitor to be connected to motor terminals to get final p.f indicated with minimum chance of auto-excitation.
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Capacitor for parallel connection to machine
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Qm = Pn x (tgo@incial-tg ¢final)

In this type of connection ,we eliminate the chances of autoex- [h [b I:l
citation, and a power factor near to unity is possible. The operation m
and protection devices are separate for motor and capacitor bank. g ﬁ E
With this arrangement, motor and capacitor function is independent D _& T, 3 T
oy Lo — kA
I T I

and whenever require capacitor bank is switched in or switched

out. Capacitor bank is reconnected after allowing sufficient time
to discharge. There is no need to keep the motor out of service
at the time of maintenance of capacitor banks. Power rating (kvar
value) of capacitor bank is determined using the formula:

Qm = Pn x (tg@incial-tgefinal)
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Group compensation-automatic

Modern method of compensation is automatic power factor correc-
tion, for a group of motors. in a motor control centre. In this
method, system power factor is improved to an optimum value
with a capacitor bank having optimum dimensions and power
rating, operated by a power factor controller. The power factor is
maintained at a pre-set value by adding/deducting capacitor steps
with the variations in the connected load.
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TABLE BELOW INDICATES kvar VALUES OF CAPACITOR FOR ASYN MOTORS AGAINST ITS KW

RATING AND SPEED (R.P.M)

Power Nominal
kW  CV 3000
130 177 33
150 204 38
170 231 43
280 381 70
330 449 83
400 544 100
500 680 125
1000 1360 250
1400 1903 350
1700 2311 425
2000 2719 500
2250 3059 563
3000 4079 750
4500 6118 1125
5000 6798 1250
6500 8838 1625

Speed of the machine in r.p.m.

1500 1000 750
39 46 52
45 53 60
51 60 68
84 98 112
99 116 132

120 140 160
150 175 200
300 350 400
420 490 560
510 595 680
600 700 800
675 788 900
900 1050 1200

1350 1575 1800

1500 1750 2000

1950 2275 2600

N
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4. LIFASA high voltage power capacitors
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General

High voltage capacitor units for power factor correction and harmonic
filters are enclosed in stainless steel containers fitted with porcelain
capacitor bushings.

Basically, there are two types:

e Single phase (one or two bushings) capacitor units with internal
element fuses suitable for connection to power system net work of
11 kV and above or with high voltage high power machines.

e Three phase (three bushings) capacitor units with internal element

fuses for connection to power system busbars or equipments with
voltage rating preferably less than 11 kV.

? 4

T
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Construction

The internal construction of a capacitor unit constitutes a group of
single phase capacitor elements of suitable capacity. A number of
such elements are connected in series-parallel to obtain designed
power and voltage rating.

The number of groups of elements connected in series determines
the voltage rating and number of parallel elements in a series group
determines the power (kvar) rating of capacitor unit.

The capacitor units are manufactured with "All Film" tecnology.
Capacitor elements are wound with biaxially oriented hazy
polypropylene film of low losses and extented aluminium foils.
This technology has replaced the previous “paper-film”, (mixed
dielectric) capacitors to reduce dielectric loss considerably.
The capacitor losses are as low as 0,15 W/kvar and in addition,
incase of an internal short circuit the risk of case rupture and
explosion is avoided. In conventional capacitors, paper produced
gases of abnormal level raising the internal pressure to a dangerous
level.

www.lifasa.ir 13
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The surface of polypropylene film is rough (hazy) to make oil
penetration to internal film and foil layers faster and more effective
at the time of impregnation and this has reduced the manufacturing
time considerably.

The aluminium foil edge inside the element is laser-cut to make
it smooth and free from sharp points (which normally exist incase
of blade cut foil edges). Thus the electric field at edge is reduced
to increse the corona inception voltage level. Capacitor units have
better withstand capability against over voltages and transients.
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Armadura de aluminio1

/ Aluminium foil 1
i

B e ppl1+pp2

pp3+pp4

Armadura de aluminio 2
Aluminium foil 2

Main Technical Characteristics

Based on the recommendations given in IEC: 60871-1:1997,
LIFASA guarantees.

10% over voltage (1,10xUn) withstand capability for 12 hours in
every 24 hours.

30% over current (1,3xIn) carrying capacity continuously.

The overload capabilities stated above are to take care of voltage
variations and harmonics which exist in the power system net work.

The liquid used for impregnation is SAS-40E and M/DBT, capacitor
oils which are biodegradable non-chlorinated (non- PCB), and have
strong withstand capability against partial discharges.

The capacitor units are fitted with internal discharge resistors to
reduce the residual voltage from peak value of N2 -Un to 75 V within
10 minutes according to the recommendation in IEC after dis-
connection from power supply.

The internal fuse provided with each single phase element inside
the unit, disconnects the element from the circuit, in an unlikely
event of it developing a defect like short circuit or over current.
and the capacitor unit continues to function, less one element. If an
element in a series group develops a defect when current is zero
(Voltage is high) the fuse of defective element blows as a result of
energy discharge from other parailel connected elements of that
group. In most of the cases the fuse operation takes place in this
mode. However if the defect in the element occurs when current is
high (voltage is zero) the entire capacitor current from system pass
through the defective element, and fuse operates as it cannot
withstand such over current.

The loss of one element reduces the power output of unit marginally,
say to the order of 2-4% of its normal output. The unit continues to
function normal way and thus the life of capacitor is extended. The
defect could be traced and take corrective actions, as required, in
the next maintenance check.

www.lifasa.ir
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8 wlasiw [ Technical Data

Rated voltage (Un):

Power output (kvar)

Frequency:
Reference standards:

Over voltage Max.:

Over current

(according to standard):
Tolerance:

Test Votage, (between terminals):
Test Voltage, (between terminals
and container):

Limit of inrush current:

Dielectric loss:

Capacitor losses (approx.):

Basic insulation level:

Life expectation
Nivel IP de Proteccion:
Temperature Category:

Type of cooling

Humidity
Altitude of site:

Mounting:

Mounting arrangement:
Device for internal protection:
Device for external protection:

Container:

Dielectric:
Impregnant;

Terminal bushing:
Discharge Resistence :

Recommended tighten M12:
Recommended tighten M10:

All these developments are, result of utilisation of advanced
technologies in capacitor field and regular R&D, and have made the
product rigid and stable to withstand rigorous tests in the laboratories.

In addition to our extended range of standard kvar and voltage
ratings of units ,we are able to manufacture and supply units with
any output and voltage rating according to the varying needs of
customers, say 25 -600 kvar ,both single phase and three phase
units with internal element fuses.

The tolerance in output kvar is -5%/+10% according to IEC:
60871-1.

Three phase 1- 12 KV
single phase 1-24 KV

25-500 kvar for three phase units
25-600 kvar for single phase units
50/60 Hz

IEC 60871-1:1997 EN 60871-1:1997
IEC 60871-4:1997 EN 60871-4 :1997
Un +10 % (12 hours in 24 hours daily)
Un + 15 % (30 minutes)

Un + 20 % (5 minutes)

Un + 30 % (1 minutes)

1,3%In

-5/ +10%

4,3*UnDC 10s,0r2,15*UnAC 10s
As per the table in IEC
standard for 10' s

max. 100xIn

0,07 W/ kvar

0,15 W/ kvar (with resistors
& internal fuses)

20/60 kV; 28/75 kV; 38/95 kV;
50/125 kV: 70/170 kV

>100 000 hours

IP 00, indoor and outdoor
“C” -40° / maximum of 50°

Air Natura/

maximum 95 %

1000 m above mean sea feve!
Horizontal/Vertical

Mounting brackets

Internal element fuse
Pressure sensor, NO+NC contact
(optional)

Stainless steel

Polypropylene film

Non- PCB, biodegradable
Porcelain

Provided - Residual voltage
75V in 10 min

10 Nm
7 Nm (earth)

www.lifasa.ir
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W & laibiw! g0 Reference Standards

b aites gllhe Lulad o 5l Lifasa Capacitors conforms to:

IEC 60871-1 & 2.
IEC 593

sile 4l =l Jsa> / Basic Isulation Level (BIL) Table

e s . . el s Maximum system voltage for capacitors conforming
o 35 Slasin aul sl LJ |
< 22l sl s S0y S to the specification
Tests Basic Insulation Level (kV)
7,2 12 17,5 24 36
Power frequency, test voltage kV . 50 Hz 1 min. 20 28 38 50 70
Impulse Level, 1,2kV / 50 ps 60 75 95 125 170
Creepage distance (mm) 140 190 300 435 600

Type of Capacitor

Single phase X X X X X
Three phase X X
Ambient air condition for operation according to IEC: 60871 [ECE-AVY 5lailial b ollas 0 8,15 lso 5 o Lyl

AMBIENT AIR TEMPERATURE (°C)

Symbol Temperature maximum  Highest mean over any period of 24 hours Highest mean over any period of 1 year
A 40 30 20
B 45 35 25
C 50 40 30
D 55 45 35

R C O - b Cos , ,
T EREER N R 0P S Routine tests on individual units:

Gk Lo )5 o 5o 00 sy sl cudgn 51 SO 2 (59, b cus Tests are carried out on each unit manufactured, at our works,
3l os plosl [ECE AV according to IEC:60871-1
HES P .
) Capacitors:
o ol Cus e * Sealing test.
Zud b 6,5 o5lasle * Measurement of capacitance.
O (lals) W col5l 6,8 o5lail i I\Hﬂ'ez;,s;r??ﬂentTof :ag ;:Ielta (l?sseg) 7f capacitor.
. i leaa * High Voitage Test between terminals.
b Jla i oo 595 s Canss o 9 g

. i i e Test on internal discharge device.
SIS s olfs (59, p e * Discharge test on internal fuses.
EE BT CITSP TR WE - R * Power frequency High Voitage test between terminals and
abass g b Jloe 5y 08 LuilS 3 668 jlad oo . container.

www.lifasa.ir




0yl E9 bl p o (3 ol
Selection of Capacitors according to application
(a5 j9b @) Joue | ogoe wlaxine [ General Characteristics/ Table (in brief)
Three phase Single phase

L
Type AT... AM.../ AS... = ‘é_
Power output 25 - 500 kvar 25 - 600 kvar =
Voitage rating 1,0-11,0 kV 1,0-24,0kV ()

Highest system Voltage

7,2-12kV 7,2-12-17,5.- 24 - 36 kV i
; ; 75 V10 minutes 75 V10 minutes
Residual voltage and time (IEC: 871) (IEC: 871)
SAS-40E / M/DBT SAS-40E / M/DBT
Impregnant (JARYLEC C101) (JARYLEC C101)
Internal connection Star Single phase

(*) See the table in page 17*. y

38 aw / Three phase

YAIVOKV Gisle b — 0 )liw (315 Jlail— 55 0 B+ <y olaS VoY 1 aw b o515 ) . Jgu
Tab. 1 Three phase capacitors 3,3 kV 50 Hz - Internal connection -Y BIL: 28/75 kV

Reference Power  Capacitance (line) Height (mm) Weight  Figure
[kvar] [bF] h H [ka] No.
ATEFA3033025 25 3 x 3,65 250 428 25 1
ATEFA3033033 33,3 3x4,85 250 428 25 1
ATEFA3033050 50 3x7,3 290 468 27 1
ATEFA3033067 66,7 3x9,75 290 468 27 1
ATEFA3033075 75 3x10,95 350 528 32 1
ATEFA3033100 100 3x14,6 350 528 32 1
ATEFA3033125 125 3x19,45 470 648 42 1
ATEFA3033150 150 3x21,9 510 688 45 1
ATEFA3033200 200 3x29,25 580 758 50 1
ATEFA3033250 250 3 x 36,55 670 848 56 1
ATEFA3033300 300 3x43,85 740 938 62 1
ATEFA3033400 400 3 x 58,45 995 1173 80 1

YAIVOKV isle g — oyl (AS1s JUail = 35,0 Be g oS FF 56 amw sla o35 ¥ . Jgur
Tab. 2 Three phase capacitors 6,3 kV 50 Hz -Internal connection -Y BIL:28/75 kv

e

Reference Power  Capacitance (line) Height (mm) Weight  Figure
[kvar] [uF] h H [kal No.
ATEFA3063025 25 3x1 290 468 27 1
ATEFA3063033 33,3 3x1,335 290 468 27 1
ATEFA3063050 50 3x2 290 468 27 1 oLl / Dimensions
ATEFA3063067 66,7 3x2,675 350 528 32 1 Figure 1
ATEFA3063075 75 3x3 350 528 32 1
ATEFA3063100 100 3x4 410 588 37 1
ATEFA3063125 125 3x5,35 470 648 42 1
ATEFA3063150 150 3x6 580 758 50 1
ATEFA3063200 200 3x8 580 758 50 1
ATEFA3063250 250 3x10 670 848 56 1
ATEFA3063300 300 3x12 830 1008 70 1
ATEFA3063400 400 3x16 995 1173 80 1

www.lifasa.ir
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Tab. 3 Three phase capacitors 6,6 kV 50 Hz -Internal connection -Y BIL: 28/75 kv :'!': -'Ei T !ﬁ
. = e = ' =
Reference Power Capacitance (line)  Height (mm) Weight  Figure ‘J =]
[kvar] [uF] h H [ka] No.
ATEFA3066025 25 3x0,9 290 468 27 1
ATEFA3066033 33,3 3x1,2 300 478 28 1
ATEFA3066050 50 3x1,85 300 478 28 1
ATEFA3066067 66,7 3x2,45 350 530 28 1 ", -
ATEFA3066075 75 3x2,75 350 530 28 1
ATEFA3066100 100 3 x 3,65 410 588 37 1
ATEFA3066125 125 3x4,85 470 648 42 1 - -
ATEFA3066150 150 3x5,50 470 648 50 1 E,@ @,@-'—
ATEFA3066200 200 3x7,30 580 758 50 1
ATEFA3066250 250 3x9,15 670 848 56 1
ATEFA3066300 300 3x11,0 740 918 60 1 sl / Dimensions
ATEFA3066400 400 3x14,6 870 1048 73 1 Figure 1

For other ratings, consult technical department of our works.

515 3aad b 5 ST sl cigy [ Single phase units with internal fuses:

AS 09l oo dpogs ol 0S8 e cdidlone jlomiil g ol adad Ll g0 il Cdey (S (S 5l B jemd il ool adsi DS 4 S g hiles
Jo—ore job dan aS ey o slisly 36 sl codg o az o o) Jgas oS ol ]y aal Al 558 e blas gl )ls oS S5 sla csy

Adl oo IS jaud slyls

As we have discussed earlier, internal fuse provides protection against total failure of capacitor unit, case rupture and explosion. Therefore
it is advisable to select capacitor units having internal fuse protection. Table below indicates the rating of capacitor units which are normally
having internal fuses:

Rated Voitage [kV]

15,1

Single Phase Capacitor Power units with internal Fuse
50 kvar 75 kvar 100 kvar 150 kvar 200 kvar 250 kvar 300 kvar 350 kvar 400 kvar 450 kvar 500 kvar 550 kvar 600 kvar

3B S/ Single phase

YAIVOKY sl b — g oliS Ao 316 S5 35 sld cosign F . J9o

Tab. 4 Single phase Capacitor units, 8,0 kV - BIL: 28/75 kV 3

Reference

AMEFA4080050
AMEFA4080075
AMEFA4080100
AMEFA4080125
AMEFA4080150
AMEFA4080200
AMEFA4080250
AMEFA4080300
AMEFA4080350
AMEFA4080400
AMEFA4080450
AMEFA4080500
AMEFA4080600

18

Power  Capacitance P-P Height (mm) Weight  Figur = =
[kvar] [UF] h H [ka] No.
50 2,48 170 435 17 2
75 3,73 200 475 20 2
100 4,97 250 515 22 2 rJ % | B
125 6,21 300 565 25 2
150 7,46 330 595 28 2 F -
200 9,94 420 685 34 2 He) (o L=221 mm
250 12,43 520 785 40 2
300 14,92 600 865 46 2
350 17,4 570 835 51 2
400 19,89 640 905 57 2 ) / Dimensions
450 2038 710 975 63 2 Figure 2
500 24,86 780 1045 68 2
600 29,84 920 1185 79 2

www.lifasa.ir
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Tab. 5 Single phase Capacitor units,12kV - BIL: 28/75 kV

Reference

AMEFA5121050
AMEFA5121075
AMEFA5121100
AMEFA5121125
AMEFA5121150
AMEFA5121200
AMEFA5121250
AMEFA5121300
AMEFA5121350
AMEFA5121400
AMEFA5121450
AMEFA5121500
AMEFA5121600

Power
[kvar]

50

1)
100
125
150
200
250
300
350
400
450
500
600

YAIRbkV Sle o — P 0 [ Cdg eSO 3B ST S b cuig £ L g

Capacitance P-P

[WF]
1,08
1,62
2,16
2,7
3,24
4,33
5,41
6,49
7,57
8,66
9,74

10,82

13

Height (mm)
h H
170 467
200 507
250 547
300 587
330 627
420 717
520 817
600 897
570 867
640 937
710 1007
780 1077
920 1217

Weight
[kd]
17
20
22
25
28
34
40
46
51
57
63
68
79

Tab. 6 Single phase Capacitor units, 15kV /50 Hz - BIL: 38/95 kV

Reference

AMEFA6151050
AMEFA6151075
AMEFA6151100
AMEFA6151125
AMEFA6151150
AMEFA6151200
AMEFA6151250
AMEFA6151300
AMEFA6151350
AMEFA6151400
AMEFA6151450
AMEFA6151500
AMEFA6151600

Power
[kvar]

50

75
100
125
150
200
250
300
350
400
450
500
600

BNYBKY sl prbans — s oS VA « 5 G 531 sl Cudgy Voo

Capacitance P-P

[WF]
0,69
1,04
1,38
1,73
2,08
2,77
3,46
4,13
4,85
5,54
6,24
6,93
8,32

Height (mm)
h H
170 488
200 528
250 568
300 608
330 648
420 738
520 838
600 918
570 888
640 958
710 1028
780 1098
920 1238

Weight
[kl
17
22
22
28
28
34
40
46
51
57
63
68
79

Tab. 7 Single phase Capacitor units, 18 kV /50 Hz - BIL: 50/125 kV

Reference

AMEFA6182150
AMEFA6182200
AMEFA6182250
AMEFA6182300
AMEFA6182350
AMEFA6182400
AMEFA6182450
AMEFA6182500
AMEFA6182600

Power
[kvar]

150
200
250
300
350
400
450
500
600

Capacitance P-P

[HF]
1,44
1,92
2,4
2,88
3,36
3,84
4,33
4,81
5,77

Height (mm)
h H
330 648
420 738
520 838
600 918
570 888
640 958
710 1028
780 1098
920 1238

Weight
k]
28
34
40
46
51
57
63
68
79

Figure
No.

W WWWWWwWwowwwowowow

Figura
No.

B N R ST S T ST S T T S S SN N

Figure
No.

B N N S N S N

For other ratings, consult technical department of our works.
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High Voltage
Capacitor Banks
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5. Lifasa high voltage capacitor banks-fixed & automatic

Gprd )b 55 ola UL alon) witad sl p3lsd 31 (6 mms Sy
= Slige S po Sl O j9mo dy (558 Jlitd sl iy Ly S (
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Condensador
Capacitor

Estrella Doble Estrella Estrella Doble Estrella
Star Double Star Star Double Star

BY b cwis b Gl SSL.

B9 o §Liign (Shlem Dyemo an LY cde TV L STL g ol
S STL by g auil e o)l (A3 Jlasl L 5L Y sl iy
8L (o0 (535 o o)l 5B 4
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297 bz 00S sgaze ol e
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There is a series of accessories and components (just as incase
of low voltage capacitor banks) which are assembled with high
voltage capacitor units to form a composite equipment, which
functions efficiently, when connected to power system net work
for power factor correction (reactive power compensation). This
assembly is designated as Capacitor bank.

Capacitor banks are either FIXED type or AUTOMATIC and are
complete with equipment for protection against malfunctioning
when connected to power system net work.

The selection of the type of capacitor bank and its configuration,
totally depends on cost factor. This document discuss the various
types of banking configurations and components fitted, to serve
as a guideline for easy selection of best type of equipment, which
would meet the requirement of a particular power system.

Jbail g5 (bl 1 3l Sl gg 50
Sy L S8 Ll 51 (oG 0l 952
3ol Sl A o Sl
oS #1515 1 5Lty aS (0 ly—s
Apgd £95 0 el cwlbio w il
L hgs o)bimw Jlail caa )i b g 58T o500
lp ez 5 b S5 ol Cuign 7 Sl
WY 51 T 5y a8 (e i

3k ek

There are two types of banks,
depending upon the mode of
connection. First is 3 phase single
star connected, which is suitable,
where voltage is preferably low, say
up to 6,6kV. Other is 3 phase double
star connected bank assembled with
minimum 6 Nos of single phase
units, preferably for systems where
voltage is higher, say 11 kV and
above.

* Banks with 3 phase units

This type of bank is assembled with 3 phase units 1 to 4 Nos.
connected in parallel. Units are 3 phase internally star connected
and thus the bank in totality is in single star configuration.

The bank is having following components (to suit the system
requirements):

® Sheet metal enclosure.

¢ High Rupture Capability Fuses for protection of bank
e Contactor for operation (optional).

e Inrush Current inductors.

e Capacitor unit/ units.
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Practically the components required is depending upon customer
requirements and type of power system. Normally this type of
bank is connected to power system net work where highest voltage
is 12 kV, and kvar requirement is 50 to 1600 kvar for 6,6 kV system
and up to 2400 kvar incase the system voltage is 11 kV. We can
offer more power at higher voltage, because maximum current
rating for fuses that we use is 315 A.

* Three phase double star connection

In this case, single phase capacitor units are assembled to form,
two-star connected banks (star groups) side by side, and two
neutrals are then joined together through a neutral C.T. to have
a common ungrounded neutral. Defect, if any occurs, in any of
the star group, the unbalance current in the neutral is detected
by the C.T. to initiate an alarm or a trip, before greater damage
could occur.

The possible causes of unbalance are, a defect in the capacitor
unit due its ageing, harmonics, or a defect developed in other
connected components.

The combination of internally fused capacitor units and neutral
unbalance C.T. forms the best mode of protection and performance
of power factor correction scheme. The number of capacitor unit
in the bank, depends on the power rating (kvar) of bank and system
voltage. The number of units are in multiples of 3, however, there
is minimum 6Nos in any case.

Assembly of High Voltage capacitor banks comprises the following
equipments, depending on the customer requirement or nature
of power system

® Sheet metal enclosure.

e Vacuum contactor or SF6 circuit breaker (optional).
e Inrush current reactors.

e Neutral Current Transformer.

e Capacitor units.

o Neutral unbalance current relay (optional).

Normally, banks with three phase units connected in parallel are
used for systems up to 12 k V where kvar requirement is not high.
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Three phase units are not available above 12 k V. Therefore, for
higher voitage rating and power (kvar) requirements, double star
connected capacitor banks with single phase units, is used. With
this combination, we are able to achieve any voltage level and
kvar output, which would give a technically and economically
viable capacitor bank design.

¢ Fixed Capacitor Banks
(For permanent connection)

There is a variety of fixed banks with different types of enclosu-
re/mounting rack, and equipments included.

Product range

50 kvar to 4800 kvar, (other ratings, on demand from customer).
Power system rated voltages 7,2 kV to 36 kV.

Possible configurations.

Banks with parallel connected 3 phase units (internally star
connected with internal element fuses).

Banks with single phase units connected in double star.
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¢ H.V. Automatic Power
Capacitor Banks

High voitage automatic power factor correction banks are suitable
for plants and installations, where load on the power system is
fluctuating. In this type of bank, the total kvar is divided in to a
number of steps -equal or unequal- depending on load conditions.
The capacitor steps are switched in or out through a contactor,
controlled by a power factor controller of type MCX. If a discharge
coil (Voltage Transformer) is connected along with the steps, the
discharge time of capacitors get reduced to 10 seconds (otherwise
it is 10 minutes). This would enable rapid reconnection of steps.
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The banks are equipped with:

Sheet metal enclosure.

H.R.C. Fuses for capacitor steps with fuse failure indication.
Vacuum Contactor or SF6 Circuit Breaker.

Inrush current limiting reactor (inductor).

H.V.Capacitor units of single phase or three phase LIFASA with
internal element fuses.

Contro!l box with power factor controller and indications.

Product range

® 50 kvar to any rating as per the requirement of customer.
¢ Voltage rating up to 36 k V.

Designs and specifications
With vast knowledge and experience available in LIFASA, we are

capable of working out a technically and economically viable power
factor solution for each type of installation.
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6. Inrush current limiting reactor (inductor)
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Among various equipments connected with capacitor bank for its
smooth operation, series reactor has an atmost important function.
The reactor limits the switching (inrush) current at the time of
switching ON the bank, and discharge current when bank is
switched OFF and thus it is known as choke.

At the time of switching ON a capacitor bank, especially when
voltage wave is in its peak, capacitor banks draws heavy current,
known as inrush current. The magnitude of this switching current
is high and is harmful to capacitors and its associated equipments
and also to other equipments connected to the system.

In order to minimise the magnitude of inrush current, it is necessary
to connect an inductor, which satisfies the following criteria:

* According to IEC: 60871, a capacitor is designed to withstand
inrush currents up to 100 times the rated current. The inductor
need to limit the magnitude of inrush current within this limit.

¢ Inrush current should not be harmful to the life and performance
of switch gear which is operating the capacitor bank. In case
capacitor banks/steps are protected by H.R.C. Fuses, the inrush
current should be below the fusing current of fuse links, inorder
to avoid nuissance fuse blow.

If more than one capacitor bank is connected to a busbar, the
inrush current arising out of parallel switching (energising a
capacitor bank to a busbar where other capacitor bank/banks are
already existing in energised condition) is very high. The parameters
of inductor need to be worked out and decided accordingily.
For this purpose the following data need to be considered:

e Short Circuit power of system to which capacitor bank is to be
connected.
¢ Details of existing capacitor banks.

For calculating, inrush/switching current, the following expression
is useful.

6.1. When only one capacitor bank is connected.

The inrush current is a function of short circuit level of power
system (MVA), to which capacitor bank is to be connected, and
the power rating of bank (Mvar).

www.lifasa.ir 25

uonejuaWNIOQ |ea1uyday /ovi o e’



=8 S ylue / Technical Documentation

26

b gz 5z alil Jeate al a5l SOL S ) ey 5]
S 45 (o a3l STL S ol (65,50 (55l g )
oLy (b (s (pols (65,1l Il 5 0 09250 5L sl STLT SSL
el poine g 75l 50 0,5 5 an gl Sl gla ol )l ol
Ll 8y

el (65950 325 0)lge s azgi 1N

= J—aie o3l SSb plaS 4 i olseS Jlasl gl Sjabe
35

Sezg0 ) o UL Slasiv o

ool S 5 Gl codigd ggm | (o097 Oy 65 o3l sl
sl ot 315 Sl K5 Lais 45 iloj ) 5

L ‘(MVA) U)AS ",.._........a ab; JLa.ll QL‘)"’ CJG_‘“ )l é‘l-’ u_{.l (ST UL’)’
Oly Be) SSTL olsss a5 o0 e o5Ls sla UL 5 Sy s
AL (o0

—_ Y

Y L T I y
=Tt
0y

Syl BUs ay S (65 6l 45551, ay i 5] 955 ool Ysone
S S5 ST A A Sl Ay Sl (6 S e 51 B JLs ol L
51 et at e g al aedd ol S el 5l s L acal e
ol S Y e e e ol ejladl
D9l Juaio (S (g 49557, a5 ol gy sl o5l SSL U

Gilao Juaino (35 sy SGL.Y.F

O Jrate Gl 50 48 o9z Loy emdld mrdsi M 4 g bilen
Ol b oz L SO 4l Sl o b g Jeate ol SGL S5
oyl SOl Jlasl Jds an o (65,50 sl STb o ls 0424 Lo (65,
3t sl 3l sl Sk o by ol el (e Al a0
Byl 352 aly S

Normally, this type of installations does not require series reactor
(inductor) as the system impedance is sufficient to restrict inrush
current. However this need to be verified and ascertained before
deciding, whether reactor is required or not. If the calculated
inrush current is more than 100 times the rated current of capacitor
bank, it would call for incorporation of series reactor (inductor)

6.2. Parallel connected banks

As discussed earlier, inrush current when a capacitor bank is
switched ON to a busbar, where one or more energised bank/banks
are existing, the energised banks discharges in to the newly
connected bank. This situation exists in automatic banks having
more than one step.

RED
Network
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Inrush current is very high ,and connection of series reactor (induc-
tor) is unavoidable.

Note: For details of series reactor, consult our techno-
comercial department
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Technical characteristics:

- Air core reactor, encapsulated in resin
- Indoor and outdoor

-lmax=1.43xIn

- Rated short duration current: 43 x In / 1seg.
(X kA/seg. on request)

- Dynamic current: 1.5 It
- Insulation level: 12kV (28/75)

- Temperature: cat.B

- Standard: IEC 60289

Type ICR-260:
Weight

Reference I[A] L [uH] [kd]
ATB08036 50 350 13
ATB08037 60 250 14
ATB08038 100 100 16
ATB08039 125 50 14
ATB08040 175 30 14

6.3. Inrush current reactor for
capacitor banks

Inrush current reactors are required to limit the transiert current pro-
duced in the connection of capacitors.

ROSCA INSERTADA
INSERTS

15

RI ]l 77% w
A B
9 1} C D E F
Type | [mm] | [mm] | [mm] | [mm] [ [mm] | [mm] Inserts
260 260 | 130 390 160 290 150 M12
330 330 | 150 470 190 355 210 | M12/M16
Type ICR-330:
Weight
Reference I[A] L [uH] [kg]
ATB08041 60 450 20
ATB08042 75 350 21
ATB08043 90 250 26
ATB08044 125 100 22
ATB08045 200 50 22
ATB08046 250 30 23
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7. Control and protection of H.V. capacitor banks
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I(fuse)= 1,5+1,8 x Icap.

It is common for any electrical network that equipments are
connected/disconnected through suitable switchgear. Normally
the switching equipment has to interrupt/make rated load current,
however sometimes the switching is taking place when there is
a fault with the equipment being connected. In such cases the
interruptor is expected to withstand the fault current for a short
while. But before any damage happens the fault need to be cleared
by any suitable device provided in the circuit.

There are two types of switching devices: one being used when the
load is energized to the system (on load interruptors) and other is
used only to isolate the equipment on no load condition for main-
tenance purposes or to keep it off the circuit. The latter is designated
as off load isolators. We will discussed about the protection and
switching devices normally used in power capacitor circuits:

¢ High voltage HRC
(High Rupturing Capability) Fuses

7. #,w |

r || ri,

HRC fuses are capable of interrupting large fault currents, however
once the fuse operation is over for reseting the circuit fuse links
need to be replaced with new ones. It is reccomended that all the
three fuses provided in the capacitor circuit to be replaced even
if only one fuse link is blown and other two are not showing any
external damages. Definition for fuse according to UNE-EN 60282-1
is: “Fuse is the device which interrupts the current in the circuit
when it exceeds a predetermined level within a specified time
limit through the melting of one or more of its elements.”

High Voitage HRC line fuses are normally provided with capacitor
banks assembled with three phase capacitor units, meant for
power systems up to 12 kV. This is in addition to the internal fuse
protection of each basic capacitor element. The fuse assembly is
complete with its mounting base and fuse failure indication device.
Fuses protect the capacitor bank and system from any defect
developed inside the capacitor unit on account of harmonics or
ageing, external short circuit or fault with any of the other connected
components.

There is no easy fixed guideline for determining the fuse
specifications or characteristics. Capacitor bank power rating,
system short circuit level, voltage, characteristics of switchgear,
nature of other parallel connected banks,value of inductor (series
reactor), available sizes and rating of fuses etc. are taken in to
account while selectina the tvoe and ratina of fuses.
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As a thumb rule the fuse rating is determined using the following
expression:

lfuse)= 1,5+1,8 X Icap.

e Neutral unbalance Current Transformer
and relay

In double star connected capacitor bank, where the rated voltage
is 12 kV and above and kvar output rating is comparatively large
protection of bank is achieved through Neutral Current Transformer
and associated neutral unbalance current relay. As discussed
earlier, this type of bank is formed by two star connected banks
(star groups) and the neutrals are joined through a C.T. to have
a common neutral. The common neutral with C.T. helps detecting
unbalance, if any occur, in the capacitor bank at any time while
in service.

In case one or more capacitor elements in a phase of a star group,
develops a fault and internal fuse operates, the capacitance value
of faulty phase in that star group decreases. As the neutral is
ungrounded, reduction in capacitance will result in voltage increase
in the faulty phase and decrease in the other two healthy phases.
This phenomenon makes the neutral of the capacitor bank to shift.
This unbalance of impedances between stars drive a current
between the twoneutrals through the neutral C.T.

The amount of neutral unbalance current is proportional to the
number of internal fuses operated. The voltage increase across
the healthy parallel connected elements in the defective group
need to be limited, otherwise it could lead to the failure of good
elements. The permitted neutral current is determined on this
basis and neutral unbalance current relay is set to initiate an alarm
or trip of circuit breaker accordingily. The mode of connection is
represented in the diagram below.

The voltage developed between neutral and ground is low voltage.
The rated primary current of neutral C.T. is normally 1/5, 2/5, 5/5.

The next example show the umbalace current for a capacitor bank 2000 kvar / 20 kV:

Design total output:

Design voltage:

Rated Network Voltage:

Rated output

Rated current:

Design output of each unit:

Design voltage of units:

Number of units in series:

Number of elements in paralell per series group:

Internal Configuration of each unit:
Number of series groups in units:
Number of elements in paralell per series group:
Number of blown fuses / unit

Capacitance of fault unit (uF)
Loss of uF in fault unit %
Fault phase capacitance (uF)
Voltage fault phase (V)

Umbalance Neutral Current (A)

Recommended adjustment for relay:
Alarm current level: 0.6 Aa 1s. Trip current level: 1 Aa0.1s

2200 kvar
21 kV
20 kV
2000 kvar
57,73 A
367 kvar
12,124 kV
1
1

6
9

1 2 3 4 5

7,79 7,591 7,341 7,017 6,581
2,041 4,545 7,692 11,765 17,241
15,743 15,54 15,294 14,97 14,534
12,166 12,217 12,282 12,367 12,483

0,31 0,69 1,18 1,82 2,69
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* Vacuum Contactors, SF6 Circuit Breakes &
Isolators

For selecting a switching device for capacitor bank following
criteria are considered:

* The device should be capacitor duty type, means restrike free.
Restrike occurs, when a bank is switched ON /OFF on account
of inrush and discharge currents. Capacitor banks are always
switched ON/OFF under full load condition unlike other equip-
ments, and is subjected to over voltage and over current.

e For off load disconnection of banks for the purpose of keeping
it, OFF the circuit when not required or for maintenance, OFF load
disconnectorl/isolator is provided. Considering the above factors
the current rating of switching devices is sefected to suit continuous
10% over voitages and 30 % over current:

l(rated)= 1,3 x 1,1 x Icap. = 1,43 X lcap.
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e Vacuum MV Three phase contactor

Vacuum contactors are mainly used for the switching of motors,
transformers, capacitors in AC power lines. They can be installed in
multi-stack cubicles. A vacuum contactor comprises several assem-
blies such as switching mechanism including vacuum interrupters,
magnetic actuator, high strength molded front cover and auxiliary
devices.

Stable and high operating cycle is executed by the vacuum inte-
rrupters made of high alumina ceramic tube which makes it possible
to degas in a high temperature with excellent mechanical strength.
Actuating is available either at instantaneous or continuous excita-
tion. Functions for safety in connecting and disconnecting are also
provided.
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8. Selection of capacitor banks: standard ratings
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Fixed capacitor banks of 5/6,6 kV with 3 phase capacitor units

Fig. 1

¢ High Voltage Fixed Capacitor banks.

¢ High Voltage Automatic Capacitor banks.
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Reference

ABATExxx0100
ABATExxx0125
ABATExxx0150
ABATExxx0200
ABATExxx0250
ABATExxx0300
ABATExxx0350
ABATExxx0400
ABATExxx0500
ABATExxx0600
ABATExxx0700
ABATExxx0900
ABATExxx1050
ABATExxx1200
ABATExxx1300
ABATExxx1400
ABATExxx1500
ABATExxx1600

kvar

100
125
150
200
250
300
350
400
500
600
700
900
1050
1200
1300
1400
1500
1600

Cond.
Units
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kvar

100
125
150
200
250
300
350
400
250
300
350
300
350
400
325
350
375
400

Figure
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Dimensions (mm)
L W H

1320"920*1550
1320"920*1550
1320*920*1550
1320"920*1550
1320"920*1550
1320"920*1550
1320"920*1550
1320"920*1550
1320"920*1550
1320"920*1550
1320"920*1550
1320"920*1550
1320"920*1550
1320"920*1550
1950"920*1550
1950"920*1550
1950"920*1550
1950"920*1550

xxx: para5kV =050 para6,6 kV=066 / xxx: for5kV =050 for6,5kV =066
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Fixed capacitor banks for 22 kV with single phase capacitor units

Reference kvar %cr’)';'g kvar Figure DTe”S\",‘\’,”S (”Lm)
ABATExxx0300 300 6 50 2 1330"1820%1620
ABATExxx0600 600 6 100 2 1330"1820%1620
ABATExxx0900 900 6 150 2 1330"1820%1620
ABATExxx1200 1200 6 200 2 1330*1820%1620
ABATExxx1500 1500 6 250 2 1330182071620
ABATExxx1800 1800 6 300 2 1330%182071620
ABATExxx2100 2100 6 350 2 1330182071620
ABATExxx2400 2400 6 400 2 1330%182071620
ABATExxx2700 2700 9 300 2 2170*1820*1880
ABATExxx3150 3150 9 350 2 2170*1820*1880
ABATExxx3600 3600 9 400 2 2170*1820*1880
ABATExxx4200 4200 12 350 2 2170*1820*1880
ABATExxx4800 4800 12 400 2 2170*1820*1880

xxx: para20kV =200 para22 kV =20 / xxx: for20 kV =200 for22kV =220
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Fixed capacitor banks for 33 kV with single phase capacitor units

Fig.2 L

Reference kvar Cl}/(/)vrl]ti kvar Figure Dilr_nensszns (ml-rln)
ABATExxx0600 600 6 100 3 1820*2170*1880
ABATExxx0900 900 6 150 3 1820*2170%1880
ABATExxx1200 1200 6 200 3 1820*2170*1880
ABATExxx1500 1500 6 250 3 1820*2170*1880
ABATExxx1800 1800 6 300 3 1820*2170*1880
ABATExxx2100 2100 6 350 3 1820*2170*1880
ABATExxx2400 2400 6 400 3 1820*2170*1880
ABATExxx2700 2700 9 300 3 2490*2170*1880
ABATExxx3150 3150 9 350 3 2490*2170*1880
ABATExxx3600 3600 9 400 3 2490*2170*1880
ABATExxx4200 4200 12 350 3 2490*2170*1880
ABATExxx4800 4800 12 400 3 2490*2170*1880

xxx: para 30 kV =300 para33kV =330/ xxx: for30kV =300 for33kV =330
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Fig. 3
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LIFASA specifications in this catalog are subject to change without
notice due to continuous product development and improvement.
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