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Data Schedule : Inductive Combined Transformer

2016-01-08 Name:
KU 16/16 Revision :
CEZ project

Prdject:

bozena.trajer@pl.abb.com
A

General data
Quantity
Type
Standards
Design
Insulation
Manufacturer, country

3

PVA 123

IEC 61869-4
Outdoor

Oil / paper hermetic
ABB, Poland

Service conditions
Highest voltage of a system (phase-to-phase) Uy,

kv r.m.s, 123

~

Rated frequency f, Hz 50

Ambient air temperature {Temperature category) °C -40/ +40

Average amblent aiF temp. (péeriod 74R) 'Cs 35

Altitude m 1000 (
Seismic activity Negligible

Rated insulation level
Highest voltage for equipment {phase-to-phase) U,,
Rated lightning impulse withstand voltage 1,2/50 ps
Rated power-frequency withstand voltage, dry
Rated power-frequency withstand voltage, wet

kV r.m.s, 123
kV peak 550
kV r.m.s. 230
kV r.m.s. 230

Current ratings
Rated primary current |,
Rated continuous thermal current Leth
Rated short-time thermal current Iy, / time
Rated dynamic current Iy,

AT.m.s, 200 - 400 - 800
Arm.s. 240-480-960
kArms/s  20-31,5-31,5/1
kA peak 50-80-80

Reconnaction Primary 1:2:4
Accuracy ratings b
. No. of terminal | Cover for
Core No. | Terminals RatioA /A Accuracy Rct75 .
box sealing
1 51-52 200-400-800/5 1-10VA 0,25* FS10 - -
2 §1-52 200-400-800/s 1-10VA 0,5* FS10
3,4 $1-S2 200-400-800/5 10VA 5P30

*) Calibrated winding

Voltage ratings
Rated primary voltage U,,
Rated voltage factor F, / Rated time

&£

B i Y ST
B O C dimia i oy i i

110000 /v3
1,2/continuous &
1.5/30s

Accuracy ratings / %\ti’\ mf/ (?/9 a

I S A al
. Rated sec. |[Rated output To ﬁmm.\_\N T No. of Cover for
Winding No. voltage U S Class ocutp miting terminal box| sealing
i f output
| {la-1n)| 100:v3V 0-10 VA 0,2* 30 VA 1000 VA -
Il {2a-2n)| 100:v3V 0-10 VA 0,5* 30VA 1000 VA -
M {3a-3n)| 100:v3V 0-10 VA 0,5/3p 30 VA 1000 VA -
IV {da-dn) 100V 0-10 VA 3P 40 VA 450 VA -

*} Calibrated winding

Calibration certificate will be issued by OUM Ostroteka (Local Verification Office in Ostroteka), the local unit of
GUM (Polish National Metrology Institute). Calibration certificate language — English/Polish.

=
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Dimension 3rawing

Page2/2

2GKK614616A0016;rev.A
Ratl late | Bulgarian
Insulat Porcelain / brown
Minimum grgeppge distance mm 4495
Minimum grci mm 1190
Primary termin Al flat pad 100x120 T=20 mm;’
AxD=14/50x50mm
Earthing terminals type 4xg14/50x50mm
Voltage secondary terminals type Phoenix rail terminal blocks; spring,
type ST 10
Current secondary terminals type Phoenix rail terminal blocks; spring,
type ST 10
Cable glands — terminal box No. 1 Polyamide; 2xM40 + 2xM32
M32 (cable diam. 11-21 mm), with
strain relief: M40 (cable diam. 19~
) 28 mm), with strain relief;
Withstand test load on prifary terminal FR (Static/Dyn)N 3600/5000
Painting (colour) :
(‘ T - Housing above insulator RAL 7035 tightgrey
o - Housing below insulator RAL 7035 Light grey
Total weight kg 640
Weight of oil ke 170
Insulating oil type Nynas Nytro 10XN — Inhibited
mineral insulating oil acc. to IEC
60236
Packing Horizontal - wooden base
Shipping weight kg/units 772
Shipping volume m3/units 3
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APPENDIX ’1‘0 THE CERTIFICATE OF CONFORMITY

- No. 109/2015
" Issue No. 01 of 2015,12.29 -

Parametels of pwtectlon COres s 5N ,
o rated power S, o 5 2,5+90 VA

o accuracy class 5P; 10P

° ALF'
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- Combmed mstlument ttanstImer P\/A 123

Installation and operation manual

Your safety firstl . .

This Is the reason why our instruction begins with the following

guidelinas:

- Use the ransformer for its intended purpose.

- Observe the technical data given in the rating plate and in the
specification,

- To facllitate and ensure high quality standards, the Installation
should be carried ot by speclally trained personnel or super-
vised by the service depariment of ABB,

— Operations have fo ba carried out by specially trained elsctri-
clans who are famfliar with the following instructions.

- ItIs recommended to observe the standards (DIN VDEAEC) and
locat H&S regulations, as well as the fequirenients of the local
electric authority.

- Trénsforrner work should ba changed over In accordance with

the instructions in the manual,

- All documentation should be available to all persons Invelved In
installation, maintenance and operation.

~ Operating personne! shall bear all responsibility for all aspects
related to the operational safely as stated in EN 50110 (VDE
0105) and national regulations

— Cbserve the safety rules, jwhich are compllant with EN 50110 'I
(VDE 0105). This standarg HoSEHBEE drl-site o oltbhbrehdid

tlons while maintaining thetransformer._..

e

Ifyou have any questions regarding the infermation contained In (
thls manual, cur organization Wl|| prowde the necassary informa-

Power and productivity 5
for a better world™ ﬁ




Important information — Make sure that during &l the phases {installation, service, up-
This manual Is Intended to explain the mode of operation and keeping} all applicable regulations will be preserved.
installation of the product. — Ensurs that the guidelines contained In this manual are followed.
NOTE: Basic guidelines for this manual.
Al descriptions contained in this document are for general  Read the relevant chapters of this manual to provide adequate
~ Information only and do not Include specific design re- operation.
quirements. Pleass refer to the exact design documenta- k
tion while connecting the devica. Chapters In this manual are marked according to their meaning.
Operating the deyice without reading the manual may entfail prop- A For the purp (this manual faillure to follow
. erty'damagle » Serious inju.ry or death. The person rc-';sponsmie f‘or Z ! ! the instnictions concerning the dangers could
the installation of the device should read the folloxlwng Instructions result in death or serious injury.
and follow the recommendations contalned therein.

For your own safety:
— Make sure that ail Instaltation, service and malntenance works
are performed by professicnals,

e - L -y --m.,.-h.eE

BAPHO ¢ OPUERHANAL
ond
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éombined instrument transformer PVA 123 \

1. Introduction

The overhead comblned instrument transformer type PVA 123 s the
subject of the manwal, Those instrument transformers are used for
feeding measurement and protection systems In power networks of
123 kV highest system voltage or lower (the greatest effective value
of line-to-line voltage) and 50 Hz frequency. They are designed either
to operate in grids with effectively earthed or insulated neutral points
or In compensated networks.

2, Dellvery of transformer

combined Instrument

4. Storage

Transformers should be stored in the vertical position on a levelled
and hardened surface, preferably in the original packaging. In the
case of long-term storage, it s recommended to protect contact
surfaces against corrosion,

Under unfavourable weather conditions, during storage In a horizontal
posftion, water can condenss Inside the terminal box, causing corro-
slon. In such case take the appropriate action. ’

5. Installation
The support structure should be flat and horizontal, Levelling cor-

transformer has not been damagad dunng transportation. Check the
transport packaging. Damaged packing may point out to careless
handiing of the transformer. Next check the transformer Itself, Special
attention should be pald to possible darmages of sheds and binder at
insulator flanges, to the tightness of the transformer and the comect
oll level indication in the device.

One should ensure that technical parameters of the transformer given
in the rating plate are in accordance with the parameters given when
submitting the order.

Any found damage or other error should be immediately netified

to the carrier and manuiacturer, Sending photos of damages wil be
helpful In thelr assessment,

3. Transportation, unpacking, shifting

Transformers may be transported in either vertical or horizontal posi-
tion.

In the case of horizontal transportation, transformers should be trans-
ported on a crate bed in accordance with transportation instruction
No 2GKK614135. Befors laying the transformer, restrain its com-
pensation bellows by inserting a flexible disc made of, for example,
polyurethane foam, under the bellows cover. Duwing horizontil
transpertation the compensation bellows cannot have any
of movermnent due to thelr flaxibility and possibility of damags.
manual contains af the information regarding unpacking and shitt
the transiormer after delivery.

In vertical transportation, due to the high position of the centre of
gravity, the transformer should be transported in wooden baoxes.
Those elements shall ba removed before setting the transformer on
the support structure (in the working locatiorvat the installation site).
Transformers should be shifted with & crane of min, 1,000 kg load ca-
pacity using four slings of the same length (min. 3 m) of load capacity
of min. 200 kg each. Hocks should be placed in adapted holders in
the bottom tank cover and slings tied
the transformer hiead height.

T
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.each other additionally at

rection can be performed using distance washers, placing them
between the transformer and the structure, Observa the notes

given In point 3 while shifting the transformer, It should be fastened
to the structure with screw elements of adequate size, The support
structure and fastening elements are not Included In the delivery. The
transformer should be placed in the vertical position at least 24 h
before energizing.

5.1, Earthing terminals

Two earthing terminals are diagonally located in the bottom tank. The
contact surface shoukd be thoroughly cleaned from oxide layers, soit
becomes unfform and smoaoth. Additionally, a thin layer of conduct-
ing grease can be applied in order to Improve contact. The earthing
should be connected with stalnfess bolts.

5.2. Primary terminals

Prirmiary terminals of the transformer, marked as P1 and P2/A, are
placed on the opposite sides of the head. In the case of recennect-
able transformey, up to 3 P2/A terminals can be found on the primary
side, marked with respective values of the rated prirnary current.

The P2 terminal of the curent module corresponding to the highest
curment range s cornmon with the A terminal of the valtage module,
Reconnection of the primary winding to the required current range Is
performed by placing a movable terminal (bolt or flat) In the location
marked by the respective current value. Movable terminals should be
fastened to the transformer with four supplied M12 bolts, cleaning
contact surfaces befor

P
Ty v S
T

JJ I
Ali contact surfaces of fhe arj fofinda nels ShisUidite-epyan an
cleaned from the oxide Iayer Before-connecting, In the case of
SRS naphtha Is usually sufficlent. Conat ting




connaction will lead to excessive heating of the transformer, which
can cause fts damaghg. Primary connections should bs mads in
suich a way 0 as to minimize mechanical static loads of the trans-
former terminals. It is recommended 10 use flexible elements, as rigid
connections may cause damaga of ihe transformer, The maximum
allowable static koad of each transformer terminal Is equalto 3,600 N
in any direction, At the same time, only one terminal can be loaded
with such forca. Also, it is recomrmended to maintain the sum of the
loads acting on the primary terminals during nomal epsration of the
transformer below 50% of such a value,

earthing during normal operation (screen (F) and primary winding
terminal (N) of the voltage col) are connected to two-way connec-
tors. These are typically Phoenix ST spring connectors with terminals
adapted to connection of cables of cross-section up to 10 mm?

or up 108 mm? and up to 4 mm? in the case of pressure signaliing
device connectors.

Optionally, the connectors to which metering windings are led may
be adapted for sealing with use of a transparent cover,

The current coll scresn is led out with a pin through the resin bushing
(tgd terminal),

Arating plate-ls-plaeed-on theexternatside of the toor Wihils s

5.3. Secondary terminals

Secondary windings are connected to terminal hiocks placed I the
terrinal box on the bottom tank of the transformer, Each terminal s
described in accordance with winding markings given on the rating
and schematic dlagram plates, Yellow-green teminals {with the earth-
Ing mark} are Intended for earthing secondary windings with the uss
of pushed crosswise bridgas. The crosswise bridge can be removed
with a scrawdriver, by inserting it in the sfit and levering. Secondary
winding terminals of both transfomer modules and terminals for

Gurrent coll screen terminal

Voltaga coll sereen teminal

schematic diagram plate Is placed Inside. In the bottormn wall of the
terminal box there Is a plate with openings for glands for secondary
circuits connection cables, In the typical execution they are: two M40
glands with the choking range of 19 mm — ®28 mm for the curent
medule and two M32 glands with the choking range of 11 mm -
®21 mm for the voltage module.

An example of a terminal box for secondary windings of the trans-
former Is shown in Fig. 1.

Transparent cover for sealing (optional)

/ | ~/ 7
e t_]é B €
¢‘ ': CresdivEgick @ [EB | [ u-‘ Have \J "
( 3 T
Voltage secondary terminals : %:g ' N : N
h T s PN Qed]js
™~ | 25,
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% [tga ] ]
? - © @ El5s
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Place for a padlock ¥y
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Earthing strip or pressure signafling
system terminats {optional)

Current secondary terminals

Fig. 1. Example of a terminal box
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5.3.1. Current module terminals

Connect external circuits to secondary terminals of the current
module of the ransformer pursuant to the wiring shown on the
schematic diagram plate and in accordance with design docu-
meantation,

The current coll sereen terminal (tg8) should be earthed with

a jumper during normal transformer operation,

Connectors inside the terminal box are arranged so that, when
using crosswise bridges, earthing Is possible for any secondary
terminal of a given winding. Transformer with taps on the secend-
ary slde: In the case of a transformer with reconnection on the

In all the windings there are chokes constructed of copper wire
Cu-ETP of the diameter of 1.2 mm and length of 50 mm. The
chokes are installed in the conductors running out of the resin
bushing downstream the terminal block Jocated in the transformer
box.

The chokes protect the transformer against damage In case of
shorting of the transformer secondary terminals. This type of
protection is suffictent to protect the transformer at a short section
to the nearest point in which proper protections are Installed. Ad-
ditional fuses In the transformer terminal box are not necessary.

secondary side, unused taps should remain unearthed, end only
one of the terminals, to which circuits are connected for a given
secondary winding, should be earthed.

Unused windings:

Utmost terminals (with reconnection on the secondary site these
are terminals corresponding to the highest ratio) of the unused
secondary winding of the current module should be shorted with
each other (with a cable of minlmum cross section of 6 mm? and
earthed with a crosswise bridge. Each unused winding should be
earthed in cnly one point.

Note:

Opening of the secondary clrcuit of the current module of
the transformer during norimal operation causes appear-
ance of high voltags on terminals of this clrcuilt, which Is
dangerous for persennel and may cause damage of the
transformer insulation,

5.3.2. Voltage module terminals
Connect external circults to secondary terminals of the voltage
module of the transformer pursuant to the wiring shown on the
schematic diagram plate and in accordance with design docu-
mentation.

The screen terminal (E) and the primary winding (N) terminal of
the voltage coll shall be earthed with crosswise bridges with
tha neighbouring earthing connector during normal transformer
operation. Connectors inside the terminal box are arranged 50
that, when using crosswise bridges, earthing is possible for any
secondary terminal of a given winding. The unused winding of
the voltage part shall remain open and its "end” marked as “.n"
should be earthed with a crosswise bridge,

8 Gumbined lnstrurpent tra ‘sformer PVA 123
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If a short ¢ireuit has occurred and this type of protecticn has been
activated, the choke must be replaced.

Note;

Secondary terminals of the voitage module of the trans-
former shall never be shorted.

Resldual voltage windings marked as “da-dn", used

to connect three transformers in an open delta, should be
grounded in one point only (In one of three transformers).
Earthing of so connected “da-dn" windings in more than
one point will cause shorting and may lead to explosion of
the transformer.

5,3.3. Pressure signallingjdevice-circuit-feptional)
Optionelly, tha transformerimay.bg, equipped with an_oil pressure
signalling device in the fon n}{ft éiﬁen?jgf%@’cémﬂs&g%ﬁ%t%ﬂ\
Each is equipped with two'NOdoritactsrreactng in-twe-steps- .-
to oil pressure increase inside the device. The first, "ALARM", step
Is activated when ofl pressure exceeds the value of 0.6 bar. The
second, *SWITCH OFF", step reacts to pressure increase above
0.8 bar.

Sensor contacts rating:
AC voltage — 15 A 125/250/480 V, reslstive circuit
DC valtage - according to the table below

Voo V] 8 14 30 48 125 220
1A] 8 5 i 0.75 0.03 0.02

Ratings of a contact manometer contacts: max. 0.7 A/60 - 250V
(10W DC, 18 VA AC). L WWS
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Flg. 2, Positlons of the three-way valve
The plate placed on the transformer valve refiscts the position en
the ball inside the three-way valve (Fig. 2.). Setting of the valve le-

ver in the MEASUREMENT position allows control (measurement)
of oll pressure.

Placing the valve lever in the SERVICE position causes cutting

off of the signalling device system from the transformer interior, In

such a position it 1s possible, for example, to replace the metering
element In the case of incorrect oparation or failurs, The factory
setling of the transformer valve Is the MEASUREMENT position.

Note: In a transformer equipped with a contact mancm-
eter, in order to enabls pressure measurement, the
metering structure should be unlocked by turning the
Interlock as shown In Fig. 3.

5.4. Ferroresonance phencmenon

The PVA 123 transformers are resistant to Ferreresonance In

a wide range of capacitanes to earth and of control capacitors
used in circult breakers, However, in the case of networks for
which these phenomena occurred before or network configura-
tlons being particularly sensitive to such phenomena {e.q. with
long cable lines), it Is recommended to uss an additional damp-
ing resistor with a value of 50-60 ohms and power of 200 W,
connected in the open delta clrcuit of three da-dn transformer
windings.

da-dn da-dn da-tn

60 2 200 W
S #
J S |

Relay

Fig. 4. Schematic diagram of a resistor in the apen dela cireult

AN
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6. Bolt tightening torques

60 Nm
280 Nm

Brimary terminal bolls 12
Bolts fastening the transformer to the support structure

7. Operation and maintenance

Note:

Combined transformers are HV equipment, hence ap-
propriate safety precautions shall be abserved during thelr
operation. The metrological range of the transformer is

~ tightness of the transformer,

— lack of mechanicat damage,

— condition of the insulator and binder connecting the Insulator
with flanges. Occaslonally, check the tightening degres of the
primary terminals.

The transformer tightness is a particularty important criterion as
in the case of oil leaks moisture can penetrate the device. Small
insutator damages may be repaired on site.

Oil level indicator:

guaranteed exclusively in the field determined by the ap-
plicable standard on the basis of rated data. The stand-
ard is given on the rating plate of the transformer. The
metrological range of the transformer is also shown in the
record of the test of product, which Is supplied with the
transformer. Metrologleal values of the transformer are not
guaranteed In any way beyond this field.

7.1, Servicing

Transformers do not require special servicing, Visual inspaction
Is usually sufficient. The check-list Is placed at the end of thig
manual.

Visual inspection
Visual ingpection should be based on:
— the position of the oll level indicator,

2

Changas of the position of the oil lsvel indicator depend on oll
temperature in the transformer. The position of the Indicator
should be in the green field range. Shifting of the indicator to the
upper or bottomn red field points out to incormect transformer
operation. In such a case, the transformer should be put out of
service and the manufacturer should be contacted.

On the lid covering the head stainless steel expansion bellows (1)
are placed, used for compensation of oll valume thermal changes
in the transformer. The oil kevel Indicator (2) is placed on the upper
suriacs of the bellows. The bellows are placed in a metal cover (3)
equipped with a view-finder (4). Cover removal dees not result is
unsealing of the transformer. The whole compensation system is
shown in Fig. 5.

BN

Hlads S IO
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N
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e

Fig. 8. Construction of the compen;sation systemn
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Pasition of the oil leve]
Indicator

Interpretation

Indicater on the green field Correct transformer operation
Too high off pressire

Cverheating of the transformer

Ol gasification (damage of insulation)
Eurther inspection necessary

Immediately contact the manufacturer

Indicator on the upper red fleld

Too low oif level

Susplcion of oll leakage (molsture ma
Indicator on the lower red fisld P g { Y

Further Inspection nacessary

Note:
Ol level indfcation for all three transformers nstafled on
adjacent phases should be almost equal.

Measurement of the dielectric loss factor tg6:

Itis recommended to perform sush measurement separately

for each module: valtage and current. in each of these modules
respective terminals are marked with the symbols: 195 and E and
they are used only for connecting the measuring bridge, One

should remember to earth them after performing the measure-
ment, Usually the test voitags should equal 10 kY RMS and it
should be applied across primary terminals and earth,

Oil sampling:

Due to the fact that transformers are alr-tight, they do not require
periodical oll checking. Oil used In the transformer meets tha
requirements of PN-EN 80296 (IEC B0298). it Is recommended
to check the off after 15-20 years of operation or after a non-con-
formity state, if there are a suspiciens as to transformer efficlency.

perstraty instsy——Sontaet the-manufacturer i order torobtal HecESSarRy THStUG-

tions concerning oit sampling. If oil samples are taken during the
warranty period without the manufacturer's permission, the device
loses its guarantes,

7.2, Corrosion protection

External elements of the transformer casing are made in the form
of afuminium alioy casts, rasistant to corrosion, Casts can he
unpainted or painted. Typical coloura in the casa of palnted casts
Include light-grey (RAL 7035) or grey-green (RAL 7033}, while
remalning metal elements, such as bolts, are made of stainless
steel.

FrAPHo O

Vil gy A

-:.-m-_.._,‘--——__,_h
R T i

(] 573

B WAOPIV




8. Transformer construction

Seals in the transformer of the o-ring type are made of NBR oil-

The PVA 123 combined Instrument transformer comprises current  resistant rubber. )
and voltage modules encapsulated in a common ar fight housing If calibration of measuring windings has been performed, respac-

filed with transformer oil,

tive marking {designations) have been placed on the transformer
and the rating plate where required).

12
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b

1. bottom tank
2, hollow fnsulator
== 3. head
4, expansion bellows in casing
§, current module
6, voltage module
m—— 7. terminal box for secondary clrouits
8. primary terminals P2/A
9. primary terminal P1
= 10. holders for fastening the transformer

o
e

“holdars for shifting the transformer {
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9. Disposal 8.1, Recycling and disposal proceedings

During correct operation and when no mecharical damages Recycling and disposal should meet naticnal (or local) regulations,
oceur, the transformer should operate over 30 years. Once this On the territory of the Republic of Poland, the manner by which
period of time has expired or if operation Is no longer required, Itis  the transformer should be recycled and disposed s defined In the
fecommended to dispose of the transformer, Waste Act of 14 December 2012, published In Journal of Laws,

2013, item 21, as amended.
Primary materials used in the transformer:

Item Material Quantity

[kal
1 Copper (Cu - ETP) 30
2 Aluminium alloy AC-Al SHOMg {Cw) 130 ;
3 Steel &5 (
4 Transformer plate 50150 )
5 Permalloy {iron-nickel alloy) 10
6 Mineral transformer ol 170
7 Electrical grade paper 45
8 Solid Insulation materials (epoxy resin, bakelite 10

papsi)

g9 Porcetain 110
10 Composite insulator 40
Item 9 and 10 akernatively.
Above values arg approximata.,

e
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10. Check list

10.1. Before first energizing

What to check: When Check if (there are)
1. External packing appearance A No signs of careless handling
2. Transformer tightness A B, C No visitle oil leaks or greasy stains (even if the packing s inlact}
3. Transformer housing B, C Insulator, terminals and housing of the transformer show no signs of mechanical damage.
4, Ci level B, G Qif fevel indicator is in the proper paosition
5. Quality and correctness of performed connections C Performed connections are reliable and In accordance with the project

10.2, After first enorgizing

What to check: When Check if (there are)
6. Transformer lightness D, E No visible oif [eaks or greasy staing
7. Transformer housing D, E Insulater, terminals and houslng of the transformer show no signs of mechanical damage.
8. Oif level D E Oif tevel indicator is in the proper position
9, Secondary winding insulation test (measurement E Values dependent on age, voltage leve), measurement method and temperature

method depends on local practices)
10, Dielectric loss factor tgd (measurement method E
depends on local practices)

Values dependent cn age, voltage favel, measurement method and temperature. It is
recommended to perform a separate measurament for the current and voltags module.

Respactive terminals are marked as: “igd” and "E”

11. Oll sampling: gas analysls (DGA}, tg6, water E Measuremaents did not indicate exceeding of permissible limits
cenlent '

When
A After arrival of the transformer 1o the final location
B Aftar unpacking
G Directly before applying voltage
D During routing inspection in accordance with the schedule determ{ned for the station
E

After 15-20 years or Inspection of fficlency after the non-conformity state if there ara suspiclons.asjo transformer sfficiency

11. End

For additlonal information concerning the operation and mainte-
nance of PVA 123 transformers, please contact the transformer

rmanufacturer.

I
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I\COMPETENCE OF THE LABORATORY

The High Voltage Laboratory of Institute of Power Engineering (IEn) in Warsaw is in
possession of accreditation issued by the Polish Centre for Accreditation (Accreditation Certificate
of Testing Laboratory No AB 272) concerning following tests:

Insulators and insulator strings — lightning and switching impulse tests
- power-frequency voltage 50 Hz tests
- radio interference measurements

QM}H;:IMQDWQI:IQWSI@&QQSW,ﬁ,ﬁﬁﬁmmwHﬁ,W,ﬁ.,.,.,,HWﬁghtnjngHaﬂdﬁSwifehiﬁgl'mpumtrWHmemmmmmwmwim ..... S|

- power-frequency voltage 50 Hz tests (
- radio interference measurements

Circuit breakers, disconnectors - lightning and switching impulse tests
- power-frequency voltage 50 Hz tests
- radio interference measurements

Insulators -~ lightning and switching impulse tests
' — power-frequency voltage 50 Hz tests
- radio interference measurements

Current and voltage transformers — lightning and switching impulse tests
- - power-frequency voltage 50 Hz tests

Power transformers - lightning and switching impulse tests
= power-frequency voltage 50 Hz tests

Lightning arresters and limiters - lightning and switching impulse tests
- power-frequency voltage 50 Hz tests

Cables and cable fittings -~ lightning and switching impulse tests (

Note! Tests described in sub-clauses 4.6.2, 4.6.3, 4.9, 4.12, hereby Report are not comply the scope
of Laboratory accreditation,
Hereby Report concerning test results obtained in other competent laboratories -
(see Appendixes 2,3,4) : ]
2. Distribution Equipment Laboratory of Institute of Power Engineerifg in Warsaw """
having Accreditation Certificate PCA Nr AB 324 BRPHG C OPUrMHAnRA
3. High Current Laboratory of Institute of Power Engineering in Warshwer—oo o
having Accreditation Certificate PCA Nr AB 323
4. Factory Laboratory of ABB sp. z 0.0. in Przasnysz - Regional Verification Office in Warsaw
- determination of errors and test in range of type tests at supervision of representative of
Iigh Voltage Laboratory of Institute of Power Engineering in Wargaw.
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2., DESCRIPTION OF TEST OBJECT

The tested object was two combined transformers type PVA 123 manufactured by

ABB sp. z 0.0. 04-713 Warszawa, ul. Zegafiska 1, had following parameters:

Combined transformer A
Serial number 2GKP011K 1084500 (84500/11)

o Rated primary voltage 110/-/3 kV

o Rated primary current 50-100-200 A

o Rated frequency 50Hz

u Rated insulation level LI 550kV/ AC 230kV

@ Rated short-time thermal current 10—20—40kA

o Rated dynamic current 25-50- 100 kA

0 Minimum creepage distance 3640 mm (porceline insolator)

Combined transformer B
Serial number 2GKP011K 1084502 (84502/11)

Q

[ m i A W

Rated primary voltage

Rated primary current

Rated frequency

Rated insulation level

Rated short-time thermal current
Rated dynamic current
Minimum creepagg distance

110/-/3kV

3000 A

50Hz

L1550kV/ AC 230kV

63 kA

158 kA

3800 mm (composite insulator)

View of rated nameplates of tested transformers show figure 1.
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Identification of tested object was done at following documents attached to hereby Report

o  Manufacturer Conformity Declaration No. 1/2011 (28.09.2011),
Dimension drawing No. 2GKK610211/ (12.07.2011),
Dimension drawing No. 2GKK610212/ (12.07.201 1),

Q

0

G Assembly drawing No. 2GKK314001M (26.05.2011),
o

a

Electric diagram of combined transformer 3000 A (25.07.201 D).

3. _AGREED SCOPE OF TLSTS

According to ordered tests the type test and selected special test were done comply
following standards:

0 PN-EN 60044-1:2000 + A1:2003 +A2:2004 »Przektadniki. Czeéé 1: Przekladniki pradowe”
(EN-60044-1:1999 4 A1:2000 + A2:2003 wInstrument transformers, Part 1: Current
transformers®),

G PN-EN 60044-2:2001 + A1:2003 +A2:2004 »Przektadniki. Cze$é 2: Przekladniki napieciowe
indukeyjne” (EN-60044-2:1999 + A1:2000 + A2:2003 | Instrument transformers. Part 2:
Inductiv voltage transformers™),

G  PN-EN 60044-3:2006 ,,Przektadniki. Czgs¢ 3: Przektadniki kombinowane”
(EN-60044-3:2003 ,,Instrument transformers. Part 1: Combined transformers™).

On request of brden‘ng party the additional special test were performed. The performed test results

are contained in Table 1.
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le 1. List of performed tests
Item Performed tests Requirement
TYPE TESTS
1| Short-time current test PN EN 60044-1, p.7.1
PN EN 60044-1, p.7.2
2 | Temperature-rise test PN EN 60044-2, p.8.1, 13.6.1
PN EN 60044-3, p.7.2
e PN EN 60044-1, p.7.3
3 |Lighting impulse test PN EN 60044-2, p.8.3
PN EN 60044-3, p.7.3
4 | Wet test for outdoor transformers PNEN60044-1,p. 74
PN EN 60044-2, p.8.4
5 | Short-circuit withstand capability test of secondary PN EN 60044-2. p.8.2
windings P05
PN EN 60044-1, p. 114, 11.6,
¢ |Determination of errors and mutual influence test Il’il%lil%% 044-2, p. 12.3, 13.6.2,
PN EN 60044-3,p. 11
. PN EN 60044-1/A1, p. 7.5
7 Measur.ement of the radio interference voltage (RIV) PN EN 60044-2/A1, p. 8.5
SPECIAL TESTS
PN EN 60044-1, p. 9.1
8 |Chopped impulse test on the primary winding PN EN 60044-2, p. 10.1
PN EN 60044-3,p. 7.3
9 |Measurement of capacitance and dielectric dissipation gﬁ }E3§ 28822:5’ B %22
factor PN EN 60044-3, p. 9.2
. PN EN 60044-1, p. 9.3
10 {Mechanical test PN EN 60044-2, p. 103
. PN EN 60044-1/A2, p. 9.
11 [Transmitted overvoltage measurement PN EN 60044-2/A2, p. 10.3
PN EN 60044-3, p. 9.3
ADDITIONAL TESTS
_ _ C=6pF, U=1,1-42:110//3kV
12 | Discharge capacitor test =eed NO breakdown and temperature.
over 65 XK. -

: \I\Q . 1‘.")P‘.fi?‘Vii-{fJ\ﬂ/~'\j
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ring mentioned above tests at Factory Laboratory of ABB sp. z 0.0. in Przasnysz Leszno 59
Street, were performed determination of errors of transformer to prove positive results of
consecutive tests. The complete tests were performed according to mentioned above standards, The
tests were supervised by representatives of High Voltage Laboratory of Institute of Power
Engineering in Warsaw in purpose to prove results of tests. The tests stands are under authority of
Regional Verification Office in Warsaw (No. stand S08/0UM1-5/01 XVI ] S08/0UM1-5/01
XVID).

4. PERFORMED TESTS

4.0 Routine test and determination of erroxrs in current and voltage parts before tests in IEn

and after tests finishing,

Before delivery the transformer to IEn Laboratory and after type test and special test
completed in ABB Factory Laboratory in Przasnysz were performed determination of errors
measurement under supervision of representative of IEn. During test were checked:
Q verification of terminals marking,
0 power-frequency withstand test on the primary winding 50 Hz, Utest = 230 kV,t=60s,
0 partial discharge measurement for voltage transformers q<10pC (Uy) q<5pC (1,2- Uy, /-3 ),
Q power-frequency withstand test on secondary windings 50 Hz, ﬁtest =3kV,t=60s, ( A
0 power-frequency withstand test between sections 50 Hz, Utest=4,5kV,t=60s,
O determination of errors.
The test resuits are presented in reports attached to hereby Report (Appendix 2):

0 Tests before type test and special test (Measurements before type test and special tests) -

Report No. 2GKP011K 1084500 — 27.07.2011, W I 1
O Tests after type test and special tests completed (Measu emgil Jiflet “type temagd;ggg{:;ai test
completed) - Report No. 2GKPO11K1084500 — 11.08.2011, ™ ~remo .

0 Tests before type test and special test (Measurements before type test and special tests) -
Report No. 2GKP011K 1084502 — 20.06.2011,




HIGH VOLTAGE LABORATORY EWN/70/8/11-1
INSTYTUT ENERGETYKI

POLAND 01-330 WARSZAWA, ul, Mory 8, tel. (+48 22) 836-80-48,
fax (+48 22) 836-80-48 e-mail: ewn@ien.com.pl Page 9/39

t were proved that all tests required in routine test gave positive results, It were proved
that all metrological properties of transformer are comply accurate classes for all winding.
These tests results are base for later determination of errors for purpose of vesification result

of tests described below,
4.1 Short-time current test

Short-time current test was performed in Distribution Equipment Laboratory of Institute of

Power Engineering in Warsaw, To the current path of transformer was applied short-circuit current
— thermal and dynamic (two tests).
Test results:
Combined transformer A
Tested current range S0 A, I =10kA, Ign = 25kA, t=15
Tested current range 100 A, Ip=20kA, Ism= 50KA, t= 1s
Tested current range 200 A, I =40kA, Joyo=100KkA, t= 1s
Combined transformer b
Tested current range 3000 A, Iy =63 kA, liya = 158KA, t= ls
During test the transformers was behaved properly. There were stated any fault or ol
Ieakage.
The test result - positive.
( Detailed information about test arrangement and performed tests, tests results and recorded:
oscillograms diagrams are present in Reports No. EUR/33/E/11-1E of 25.07.2011
and No. EUR/33/E/1 1-2E of 10.08.2011- (Appendix 3)

After short-time current test were done determination of error meagurgment. This
measurements were performed Factory Laboratory of ABB sp. z 0.0. én Przasn?‘z—é%beszno 59
Street under supervision of representative of IEn. Test result of these measuremeﬁt are, }p’fe tin
Reports No: 2GKP011K 1084500 — 11.08.2011 and No: 2GKP011K 1084502 —~ 1 208, 201117’;‘,' ey
(Appendix No. 2 of hereby Report). e,

It was found that metrologlcal properties of transformers are comply to assigned

re u\lt of shoxt-time test.
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4.2 Temperature-rise test

This test was performed in High Current Laboratory of Institute of Power Engineering
in Warsaw. The test was performed by simultaneously heating current part of transformer and
voltage part of transformer,

Combined transformer A

This test was performed on the identical transformer No 2GKP011K 1084501 in threc stages:

~~~~~~~~~~~~ Stage-t~Heating current 400 A (200°ext. 200%) at voltage 1,2 - 11073 KV, and rated burden of C
voltage part. Time of test up to stabilizing of temperature, )
- Stage 2 — Heating current 400 A (200 ext. 200%) at voltage 1,9 - 110/+/3 kV, and rated burden of

winding for measurement and residual voltage winding of voltage part,
Time of test — 8 hour.

Stage 3 — Heating current 400 A (200 ext. 200%) at voltagé 110/+/3 kV, and burdened winding for

measurement by rated thermal limiting output. Time of test up to stabilizing of Itemperature.

Combined transformer B

This test was performed in three stages:

Stage 1 - Heating current 3000 A at voltage 1,2 - 110/+/3 kV, and rated burden of voltage part.
Time of test up to stabilizing of temperature. |

Stage 2 — Heating current 3000 A at voltage 1,9 -110/+/3 kV, and rated burden of winding for (
measurement and residual voltage winding of voltage part.
Time of test — 8 hour.

Stage 3 ~ Heating current 3000 A at voltage 110/ V3 3 kV, and burdened winding for measurement
by rated thermal limiting output, Time of test up to stabilizing of te:/x/pc;ature .

'rL{(;"_ .

.,

Rise of temperature in steady state not exceeding permissible value of 65 Ry IILK
(according to 5.4 of PN-EN 60044-2 and 4.2 of PN-EN 60044- 3).

Test result - positive,

75 Kt

Detailed information about test arrangement and performed tests, tests 1esu1ts =B
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4.3 Lightning impulse test

Test was done in test arrangement of surge generator type Haefely 5 MV, 375 kJ. Equivalent
circuitdiagram is shows on Figure 2. The test was performed on standardized lightning impuise
1,2/50ps. The purpose of test was checking internal insulation of transformer. The influence of
atmospheric condition on test voltage value was not taken into consideration.

The Lightning impulse test was performed jointly with chopped impulse test on the primary

winding (clause 3.8 of hereby Report),

Combined transformer A and combined transformer B
Test condition:
o Full impulse test voltage U = 550 kV,
a Chocked impulse test voltage 1,15 - 550 kV =632,5kV,
0 Sequence of impulses:‘
positive polarity — 15 full impulses,

negative polarity — 1 full impulse, 2 chocked impulses, 14 full impulses,

m]

During test was recorded test voltage, current flowed through along HV winding of voltage 7

part of the transformer and voltage on the LV winding la-In of voltage part of transformer.

Is c l
JUK
123b
= [
P—— r '
C.° 1 L
= Ry
| a|
L R
S VAN
Voltmeter ':;‘ - T

HAEFELY Py . ™
Type 64 El lsal e Ty,
el U Op
: i ~ Ly
Recorder
)
- Fig. 2 Equivalent circuit diagram of test arrangement for lightning impulses:

Cg=0,125 yF, Cy = 1,2 nF, Ry = 175 Q, R, = 600 2, Ry =805 Q.

Measurement uncertainty - 1,5 %
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For combined transformers A and B recorded oscillograms not shows failures of

transformer insulation.

Result of test - positive.

Recorded oscillograms of all applied impulses are shown in Appendix No. 5 of hereby
Report.

4.4 Wet test for outdoor transformers

The test was performed in arrangement of test transformer type TuR 700kV, 0,5A.

Equivalent circuit diagram is presented on Figure 3.

Transformer |l L
TP- 700 kV ¢
PVA
Regulator 123 -
¢ |HAEFELY
Typ 51
2@/ | T
L 1 1
Fig. 3 Equivalent circuit diagram for power frequency voltage 50 Hz: ( '

C=200pF (C’ in series with C*)

Measurement uncertainty - 1,5 %

Combined transformer A and combined transformer Iy’\é."r’*?,:l s
.

’“’Q
a.,_\‘\ ()'b!

The test was performed on transformers model with disassembled wmdmg»(Flguxe‘;B) n ?
external elements of transformers, \z,hlch can influenced on test results were identical to& thQ‘\,

complete transformer. The purpose of test was to check withstanding of porceline housing

(ansformer A) and composite housing (transformer B), which are hazard on weather condj

N
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Fig. 4 Wet test of combined transformers type PVA 123 at power frequency voltage 50 Hz

Because electric strength of inner insulation is not depend from atmospheric conditions and
this property was tested during routine test at ABB’s Factory Laboratory (Raports
No. 2GKP011K 1084500 — 27.07.2011 and No. 2GKP011K1084502 —20.06.2011 of Factory
Laboratory ABB sp. z 0.0. Przasnysz Division).
In each cases the test voltage was U=230 KV was applied during 1 minute.
During wet test for outdoor transformers the transformer was wetting by artificial rain at
parameters: | / ’_"‘*‘H,h%{

- vertical component of precipitation Hy = 1,4 mm/min i’ '“f'.'ff,-_l.h e

- horizontal component of precipitation Hy = 1,5 mm/min o -,
- water electrical resistivity p=103 Qm

The test voltage was corrected according to density of air.

During test were not observed any flashover or failure of insujation.

Test result - positive.




HIGH VOLTAGE LABORATORY EWN/70/E/11-1
INSTYTUT ENERGETYKI

POLAND 01-330 WARSZAWA, ul, Mory 8, tel. (+48 22) 836-80-48,
fax (+48 22) 836-80-48 e-mail: ewn @ien.com.pl Page 15/39

.\ @ Tests before type test and special test (Measurements before type test and spec1al tests) -

\ Report No. 2GKP011K 1084500 — 27.07.2011,

0 Tests after type test and special tests completed (Measurements after type test and special test
completed) - Report No. 2GKP011K 1084500 — 11.08.2011,

0 Tests before type test and special test (Measurements before type test and special tests) -
Report No. 2GKP011K 1084502 — 20.06.2011,

Q  Tests after type test and special tests completed (Measurements after type test and special tést
completed) - Report No, 2GKP01 1K1084502 — 1.08.2011

Detailed information about tests results consists Appendix No. 2 of hereby Report, _ (
Combined transformer A
Analyzing test results for voltage part of combined transformer was found that:

0t For measurement windings 1a-1n and 2a-2n class 0,1:
- for voltages 0,8U,, 1U, i 1,2U, voltage error AU(%) < 0,1%
and phase displacement §,(min) < § min,
@ Ior winding for protection 3a-3n class 0,2% and 3P:
- for voltages 0,8U,, 1U, i 1,2U, voltage error AU(%)< 0,2%
and phase displacement §,(min) < 10 min.
- for voltages 0,02U,, 0,05U, i 1,9U, voltage error AU(%)< 3%
and phase displacement §,(min) < 120 min.
0  For winding for protection 4a-4n class 0,5% and 3P:
- for voltages 0,8U,, 1U, i 1,2U, voltage error AU(%)< 0,5%
and phase displacement 8, (min) < 20 min.
- for voltages 0,02, 0,05U, i 1,90, voltage error AU(%)< 3% .
and phase displacement §,(min) < 120 min, ' (
0 For residual voltage winding da-dn class 3P:
- for voltages 0,02U,, 0,05U,, 1,0U,; 1,9U, voltage error AU(%)< 3%
and phase displacement §,(min) < 120 min.

For each of voltage windings values of error are contain in range /gompatlble to appropriate
class of accuracy.

g‘ ST
‘\\ ey R (\
Analyzing test results for current part of combined transformer was\fbu,n\dmth)at; ”

0 For measurement windings 1S1- -152(5A) class 0,5SFS5 and 281- ZSZ(IA) class l[f’%ESIO /
- for currents 0,05 I,, current error Al(%)<1,5% 5,
and phase displacement §,(min) < 90 min,
- for currents 0,20 I, current error AI(%) < 0,75%
and phase displacement §,(min) < 45 min.
- for currents 1,0 I, i 1,2 I, current error Al(%) < 0,5
and phase displacement §,(min) < 30 min,

(2]
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0 For protective windings 351-352(5A) class 5P30 and 481-252(2A) class 5P20:
- for currents 1,0 I, current error AI(%) <1%
and phase displacement 8,(min) < 60 min.

For each of current windings values of error are contain in range compatible to appropriate
class of accuracy.

Combined transformer B
Analyzing test results for voltage part of combined transformer was found that:

o For measarement windings 1a-1n and 2a-2n class 0,2:
~~~~ — forvoltages 0,80 101 12U veltage error AU(%) < 0,2 %

( and phase displacement 8,(min} < 10 min.
o For winding for protection 3a-3n class 0,2% and 3P:
- for voltages 0,8U,, 1U, i 1,2U,, voltage error AU(%)< 0,2%
and phase displacement 8,(min) < 10 min.
- for voltages 0,02U,, 0,050, i 1,90, voltage error AU(%)< 3%
and phase displacement 3,(min) < 120 min,
o For winding for protection 4a-4n class 0,5% and 3F:
- for voltages 0,8U,, 1U, i 1,2U, voltage exrvor AU(%)< 0,5%
and phase displacement 3,(min) < 20 min.
- for voltages 0,020, 0,05U, i 1,9U, voltage error AU(%)< 3% and phase displacement
8, (min) < 120 min,
o For residual voltage winding da-dn class 3P:
- for voltages 0,02U,, 0,05U, 1,0U,; 1,90, voltage error AU(%)< 3%
and phase displacement 3,(inin) < 120 min.
For each of voltage windings values of error are contain in range compatible to appropriate
class of accuracy.

Analyzing test results for current part of combined transformer was found that:

o For measurement winding 1S1-1S2(5A) class 0,25FS5;
- for currents 0,01 I, current error AI(%) < 0,75%
and phase displacement 3,(min) < 30 min.
- for currents 0,05 I, current error AI{(%) < 0,35%
and phase displacement §,(inin) < 15 min.
- for cuxrents 0,2 I, 1,0 I, 11,2 I,current error Al(%) < 0,2%
and phase displacement 3,(min) < 10 min.
o For measurement winding 251-282(1A) class 0,55FS5:
- for currents 0,01 I, current error AI(%) < 1,5%
and phase displacement §,{min) < 90 min.
- for currents 0,05 I, current error Al(%) < 0,75%
and phase displacement 8,(min) < 45 min.
- for currents 0,2 I, , 1,0 I, 11,2 I, current error AI{%) < 0,

5%
and phase displacement 8,(min) <30 min. %r/ (/7 S .? /? i
3

T,
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a

For protective windings 351-3S2(5A) class SP30 and 451-282(5A) class 5P20:
- for currents 1,0 I, current error AI(%) < 1%
and phase displacement §,(min) < 60 min.
For protective windings 351-582(1A) class 10P30 and 651-682(1A) class 10P10:
- for currents 1,0 I, current error AI(%) < 3%

For each of current windings values of error are contain in range compatible to appropriate
class of accuracy.

4.6.2 Yerification of instrument security factor FS o [ current part measurement windings of (

instrument transformer

Combined transformer A
The tested combined transformer has two measurement windings:
181-182 — I,=5 A, S,=10VA, class 0,5 FS5;
251-282 = T,=1 A, 8:=2,5VA, class 0,5 FS10.
The results of determination of core magnetization characteristics and veryfication of limiting
e.m.f (check of instrument security factor (FS)) are present in Report No. 2GKP011K 1084500
—27.07.2011- (Appendix No. 2 of hereby Report).
Combined transformer B
The tested combined transformer has two measurement windings:
1S1-182 — I;=5 A, Sy=90VA, class 0,2S FS5: (
281-282 - T,=1 A, §,=45VA, class 0,58 FS10.
The results of determination of core magnetization characteristics and veryfication of limiting
e.m.f (check of instrument security factor (FS)) are present in Report No. 2GKP011K 1084502
—20.06.2011- (Appendix No. 2 of hereby Report),

It was found that instrument security factor FS is equal to 5 and 10 for measurement

windings of combined transformers i ‘dg{irmined properly.

Test result - positive. /i,

)
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4.6.3 Verification of Limits of error ALF for protective winding of current part of instrument

transformer

Combined transformer A

381-382 — Li=5 A, Sy=15VA, class 5P30;

451-482 — I;=1 A, §5,=15VA, class 5P20.

The results of determination of core magnetization characteristics and veryfication of limiting

e.m.f (check of accuracy limit factor (ALF)) are present in Report No. 2GKP011K1084500 —

—27.07.2011- (Appendix No. 2 of hereby Report).

Combined transformer B

The tested combined transformer has for windings for protection purposes:

351-382 — ;=5 A, S=30VA, class 5P30;

451-452 — I;=5 A, 5,=90VA, class 5P20;

581-582 — L= 1 A, §,=45VA, class 10P30;

681-6582 — Iy=1 A, S,=60VA, class 10P10.

The results of determination of core magnetization characteristics and veryfication of limiting
e.mn.f (check of accuracy limit factor (ALF)) are present in Report No. 2GKP011K1084502 —
20.06.2011- (Appendix No. 2 of hereby Report). |

It was found that limit of exror ALF equal 30, 20, 30 and 10 for windings for
protection of combined transformers is determined properly.

Test result - positive.

4.6.4 Checking influence of the current transformer on the voltage transformer

Combined transformer A

The measurements was performed by exrc'?mm@ary winding current with range
6 quu\rf‘ t at value:

I, = 200 A of current part of combined transfo
2L, =400 A i*m\& " Cn,

“
Current path of supply line in shape of horizontal rectangular loop W'Lth;
1100 mm. Secondary windings of current part of transformer and p;ﬁ‘n

of transformer was short-circuited. On all windings of voltage part of combined transformer which

| C%f?_ i
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pe 2001,

e burdened by 15 VA were measured in turn interference voltage nsing instrument KEITHLEY

Reasults;
Winding la-1n 2a-2n - 3a-3n 4a-4n da-dn
Burden [VA] 15 15 15 15
UimV] 0,07 0,07 0,07 0,08 0,08

The foliowing parameters were calculated: ‘

Q change of voltage error (at 80% voltage of secondary winding for measurement la-1n)

Agy < (Uy- 100)/(0,8 Up) = (70 1V - 100)/(0,8 - 100V/+/3) =0,00015%

Q  change of phase displacement (in min.) for measurement winding: 1a-1n
Ady = Aey - 34,4 =0,0052 min.
@ change of voltage error (at 2% voltage of secondary winding for protection 4a-4n)

Agy < (Uy - 100)/(0,02 U,) = (80 pV - 100)/(0,02 - 100V/+/3) =0,007%

O change of phase displacement (in min.) for winding for protection 4a-4n
A8y = Aey - 34,4 = 0,238 min.

0 change of voltage error (at 2% voltage of residual voltage winding da-dn)
Aey < (Uy- 100)/(0,02 U,) = (80 1V - 100)/(0,02 - 100V/3) =0,012%

0 change of phase displacement (in min.) for windings for protection
Ady = Aey - 34,4 = 0,413 min.

0 factor of proportionality between induced voltage (interfere) and current flow in current

transformer (in mV/kA)
P <Uv/(2 - Iy) = 0,080 mV / 0,400 kA = 0,2 mV/kA

The maximal error of voltage transformer was valuated by summarize mentloned above

errors originated from influence of current path on voltage path together with extreme values of

errors measured during routine test tU 0,8-U, +1,2:U, (Report No. 2GKPQ KIQMSQOH
27.07.2011, Appendix No. 2 of hpreby ﬁepo)‘t ;

\M,\ . ;\
S
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xhpal possibly voltage error of measurement winding
la-1n"XU = 0,8-Uy+1,2-Uy)

de,f = g |+ Asl = 0,036% + 0,00015% = 0,0362 %
tef =g, | +1Ag, =~0,073% — 0,00015% =-0,0732 %

Maximal possibly phase displacement of measurement
winding la-1n (U =10,8:Up+1,2-Uy)

16, =1 8, | + | ABJ = 1,8 min + 0,005 min = 1,805 min
+8,¢ =18 | +1A8,! = 0,1 min + 6,005 min = 0,105 min

Maximal possibly voltage error of winding for protection

4a-4n (U=0,02:U,)

e S =1 g1+ | A = 0,064% + 0,007% = 0,071 %
te, = | g1 + | Agyd = =0,057% — 0,007% = ~0,064 %

-
|
|
1 "
: ~
~120mp]  {=200min f{”“ +20min
|
|
|
i
|
|
L

Maximal possibly phase displacement of winding for J— it 1
protection 4a-4n (U=0,02-U, )

@1—
- i - n 6,25 ¥A P n
+3,¢ = 18,1 +1A8,} =-11,3 min - 0,238 min = -11,54 min 120y | 20m 144\ +20m J: 1300
15¥AF35 VA g’} %5 ) |
+8, =18, +1A8,] = -11,6 min - 0,238min = -11,84 min i P |
ﬁ/\\%"\t}}% [ T B ]
5 Jffﬁr-fﬁ; ‘\ L ars N
e '}\f\(ﬁ o ", . :
T Ty e T,
pRLt ﬁi_’fr"
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Combined transformer B
The measurements was performed by excited in primary winding current with range
0 A of current part of combined transformer 50 Hz current at value:
1,2 I, = 3600 A ‘
Current path of supply line in shape of horizontal rectangular loop with dimensions circa 3500 x
1100 mm. Secondary windings of current part of transforme_r and primary winding of voltage part
of transformer was short-circuited, On all windings of voltage part of combined transformer which
... arcburdened by 15 VA were measured in turn interference voltage using instrument KEFFELEY

type 2001, , (
Reasults:
Winding la-1n 2a-2n 3a-3n da-4n da-dn
Burden [VA] 15 15 15 15 15
UmV]" 0,072 0,0216 0,018 0,018 0,9

The following parameters were calculated:

0 change of voltage error (at 80% voltage of secondary winding for measurement la-In)
Agy < (Uy- 100)/(0,8 U,) = (72 uV - 100)/0,8 - 100V/+/3 ) =0,00016%
0 change of phase displacement (in min.) for measurement winding: la-1n
Ady = Agy - 34,4 =0,0055 min
o change of voltage error (at 2% voltage of secondary winding for protection 4a-4n) (
Agy < (Uy - 100)/(0,02 Uy) = (18 pV - 100)/(0,02 - 100V/+/3 ) =0,0016% \
o change of phase displacement (in min.) for winding for protection 4a-4n
Ady=Agy + 34,4 =0,054 min.
0 change of voltage error (at 2% voltage of residnal voltage winding da-dn)
Aey < (Uy - 100)/(0,02 U,) = (900 wV - 100)/(0,02 - 100V/3) =0,135%
a change of phase displacement (in min.) for windings for protection
ABy= Aey - 34,4 = 4,644 min. |

0 factor of proportionality between induced voltage (interfere) and current flow in current

transformer (in mV/kA) ,
p<Uv/(1,2 - I) = 0,072mV / 3,6 kKA = 0.02 mV/kA
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The maxifnal error of voltage transformer was valuated by snmmarize mentioned above

rrors originated from influence of current path on voltage path together with extreme values of
ertors measured during routine test at U =0,8- Uy +1,2:U, (Report No. 2GKP011K 1084502 —
20.06.2011, Appendix No. 2 of hereby Report)

Below are presented chosen results of calculation in analytic and graphic form

(for maximal errors).

+0.2% i

o 000\ 670

Maximal possibly voltage error of measurement r———

winding I

la-ln (U =0,8Up+1,2Up) ~10min| ’

be Szl e, |41 Asd = 0,120% + 0,00016% = 0,120 % } 4

o= | gy |+ Agyl = ~0,094% — 0,00016% = 0,094 % L
~0.3%

| __om

Maximal possibly phase displacement of {-

measurement winding la-1n (U=0,8Us+1,2-Un) | _iomin]

+8,¢ =1 8, | + | A8, = 2,6 min + 0,0055 min = 2,606 min I {

48,6218, 1 +1 A8,| = 1,0 min — 0,0055 min = 1,006 min |

Maximal possibly voltage error of winding for
protection 4a-4n (U=0,02-Uy )

tef=1g, 1+ Agl=0,120% + 0,0016% = 6,122 %
+e,f =18, 1 +1Ag) = —0,114% — 0,0016% =-0,116 %

===

7.5 VA ]
I+191"in

JOVA+120 VA ‘

S,

; ‘Q’oao
75 e
3

A
oo %
— —— _.155:...4.
7.5 VA |
|+19_r:nin

/ [

JOVA+120 VA I

~120min,

+120min
-

-
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4 I a
Maximal possibly phase displacement of winding for Fo———— B L 9
rotection 4a-4n (U=0,02.U, ) ! 2 S }
| bﬁ‘o !
y ) |
) ) i 15 VA | A -
38,4 =18, | + 1 A8 =-11,3 min-0,055 min =-11,36 min | ~'%my L2 - *”’LWI ey
|
8,4 =18, 1 +1A8,) = 12,1 min -0,055min =-12,16 min ! ”% !
i ™~ |
Lo o) |
— :-:',g — -

. It was found that errors origin from influence of current path on voltage path of combined
transformers PVA 123 not cause loss of metrological properties (loss of class) for all
secondary voltage windings .

Test result - positive.

4.6.5 Checking influence of the voltage transformer on the current transformer

The test was performed by applying two value of voltage of power frequency 50 Hz to the
voltage transformer primary winding of combined transformer:
U=19-110/+/3 kV=121kV and U= 1,2+ 110/+/3 kV =76 kv
On all secondary windings of current transformer were measured interfere voltages Ui,
Winding with rated current In = 5 A were burdened by resistor R =4 Q. and winding with rated
current In =1 A were burdened by resistor R = 100 .. The sensitiveness qf instrument (
KEITHLEY type 2001 was 1 uV.
For each of windings were done two measurements of interfere voltage Uj, with earthed
input terminal or input terminal. The calculation were performed:
@ value of interfere current I=U/R
0 change of measured current error (at 5% of rated current) Ae=(U;- 100)/(R - 0,05 I,)

0 change of phase displacement (in minutes) A8=Ag; - 34,4
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\'&(n_bined transformer A

Test results and calculated values are present in tables below.

Tested winding 1s1-1s2 earthed 1s1
x Uy U; (R=4 Q) =U/R Ag; Ad;
i1 V3 tmAd (%1 fmin]
1,9 1,83 0,458 0,183 6,30
1,2 1,17 0,293 0,117 4,02
Tested winding 1s1-1s2 earthed 1s2
x Un U R=40) | I=U/R At AS;
[-] [mV] [mA] [%] [min]
1,9 1,77 0,443 0,177 6,09
1,2 1,13 0,283 0,113 3,80
Tested winding 2s1-2s2 earthed 2s1
x Uy U; =100 &) =EU/R Ag; Ab;
[-] [mV] [mA] [P} [min]
1,9 8,30 0,083 0,166 5,71
1,2 527 0,053 0,105 3,63
Tested winding 2s1-2s2 earthed 2s2
x Uy U; R=100 Q) I=UyR Agy A3 ’
[-1 [mV] [mA] [%] [min]
1,9 8,25 0,083 0,165 5,68
1,2 4,8 0,048 0,096 3,30
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Tested winding 3s1-3s2 earthed 3s1
\x Uy U; (R=4 Q) I=U/R Agy AS;
N [mV] [mA] [%] [min]
LY 0,56 0,140 0,056 1,93
1,2 0,32 0,080 0,032 1,10
Tested winding 3s1-3s2 earthed 3s2
x Uy Ui R=4 Q) I=U/R Ag; AS; (
I-] [mV] - [mA] [%] [min]
1,9 0,62 0,155 0,062 2,13
1,2 0,38 0,095 0,038 1,31
Tested winding 4s1-4s2 earthed 4s1
x Uy Ui R=100 ) I=U/R Ag AG;
[-] [mV] [mA] [%] [min]
1,9 2,14 0,021 0,043 1,47
1,2 1.3 0,013 0,026 0,89
Tested winding 4s1-4s2 earthed 4s2
x Uy U; (R=100 Q) =UR Ag A§;
B mv] [mA] [%] [min] (
1,9 1,89 0,019 0,038 1,30
1,2 1,00 0,010 0,020 0,69

Current transformer maximal etror of combined transformer was valuated by summarize

mentioned above errors originated from influence voltage path on current path together with

cxtreme values of errors measured during routine test at I = 0 05-I+2- 1,
(Report No. 2GKP011K 1084500 — 27.07.2011, Appendlx No. 2 of hereby -__, "N
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A %
i ibl indi [ e e e e e e s s s e -1
xilgal possibly current error of winding for I 5% } |
sent (1= 0,05-1,+2-1,) ! ) 5woy/ {
N, ' .1 0:min
dof=lg |+ Ayl = 0,419% +0,183% = 0,602 % f —90min +90mn'1n [ o
ek
tef =g |+ | Agl = -1,291% — 0,183% = ~1,474 E é\&q\?’ !
| B I
% | —1,5%| 10VA |
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Maximal possibly phase displacement of for
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measurement (I = 0,051,321, +1.5% e !
2.5be/ I
+855=190: o= i in= i
5 =1 5; 1 + 1 A§l = 27,7 min+7,08 min = 34,78 - 80min +90min | O m‘!_rl
I B L] Ll
min o3 &S E
+8¢ =18, | +1 A8 = 34,0 min+7,08min = 41,08 W 1
. -1,5%] 10VA |
min ) b et e e et i s e ey e o TR, - P -
|
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Maximal possibly current error of winding for I
_ !
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‘0
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.. it I i
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Maximal possibly phase displacement of FomTTTTTTTTT el T i
]
winding for protection (I=0,05-I+2:Ty) ! g
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Combined transformer B

Tebtresults and calculated values are present in tables below.

. Tested winding 1s1-1s2 earthed 1s1
x Uy C UiR=4Q) I=U/R Ag; A
[-] [mV] [mA] [%] [min]
1,9 0,88 0,2200 0,088 3,03
1,2 0,55 0,1370 0,055 1,89
Tested winding 1s1-1s2 earthed 1s2
x Uy T, (R=4 Q) I=Uy/R Ag ASL
[-i [mV] [mA] [%] [min]
1,9 0,16 0,0400 0,016 0,55
1,2 0,1 0,0250 0,010 0,34
Tested winding 2s1-2s2 earthed 2s1
x Un U; R=100 Q) I=UYR Ag; A
[-] - [mV) [mA] [%] [min]
1,9 0,89 0,0089 0,018 0,61
1,2 0,56 0,0056 0,011 0,39
Tested winding 2s1-2s2 ' earthed 2s2
x Uy U; (R=100 Q) I=U/R Ag; Ad;
[-] [mV] [mA] [%] [min]
1,9 0,22 0,0022 0,004 0,15
1,2 0,14 0,0014 0,003 0,10
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Tested winding 3s1-352 earthed 3s1
X UN Ui (R=4 ,Q) IEUi/R Ag; ASI
-] - [mV] [mA] [%] [min]
- . i9 0,19 0,0475 0,019 0,65
( | 1,2 0,12 0,0300 0012 | 04l
Tested winding 3s1-3s2 earthed 3s2
x Uy U; (R=4 Q) I=U0/R Ag; A
[-i [mV] [mA] [%] [min]
1,9 0,05 0,0125 0,005 0,17
1,2 0,03 0,0075 0,003 0,10
Tested winding 4s1-4s2 earthed 4s1
x Uy U; (R=100 Q) I=UdR Ag; A§;
i-1 [mV] [mA] [%] [min}
1,9 0,18 0,0450 0,018 0,62
( 1,2 0,11 0,0275 0,011 0,38
Tested winding 4s1-4s2 earthed 452
x Un U; (R=100 ) T=U/R Ag; A3
(-] [mV] [mA] [%] [min]
1,9 0,14 0,0350 0,014 0,48
1,2 0,05 0,0225 0,009
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ested winding 5s1-5s2- earthed 5s1
% Uy Ui (R=4 Q) I=UyR Ag AS;
[-] [mV] [mA] (%) [min]
1.9 0,17 0,0017 0,003 0,12
1,2 0,11 0,0011 0,002 0,08
Tested winding 5s1-5s2 earthed 552
X Un Ui (R=4 Q) I=UyR Ag; Ag;
[-] [mV] [mA] [%] [min]
1,9 0,25 0,0025 0,005 0,17
1,2 0,16 0,0016 0,003 0,11
Tested winding 6s1-6s2 earthed 6s1
x Uy U; (R=100 Q) I=UyR Ag A;
(-] [mV] [mA] (%] [min]
1,9 0,06 0,0006 0,001 0,04
1,2 0,04 0,0004 0,001 0,03
Tested winding 6s1-6s2 earthed 652
x Uy U; (R=100 Q) =Uy/R Ag AG;
[-] [mV] [mA] [%] fmin]
1,9 0,24 0,0024 0,005 0,17
1,2 0,15 0,0015 0,003 0,10

Current transformer maximal etror of combined transformer was valuated by summarize

mentioned above errors originated from influence voltage path on current path together with

extreme values of errors measured during routine test at ] = 0,051,421,

(Report No. 2GKP011K 1084502 — 20.06.2011, Append1x No. 2 of hereby Report) '
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Raximal possibly current error of winding for
measurement (I =0,05-1,+2-In)

4 = g | + | Agl = —0,018% + 0,088% = 0,07 %
tef =l gl + | Agl = —0,059% — 0,088% = -0,147 %

& min

Maximal possibly phase displacement of for
measurement (I = 0,05-1,+2-1y)

+8¢ =1 &1 + | A§;l = 0,3 min ~ 3,03 min = -2,73 min
+8¢ =1 8; 1 + | A8 = 1,0 min + 3,03 min = 4,03 min

8imin

heth

=1

Maximal possibly current error of winding for
protection (I = 0,05-In+2:1r) o aoua T
tet = | g+ | Agil = —0,085% — 0,018% =~0,103 % @, '
, Y.
O 1 % F
: Ae%
Maximal possibly phase displacementf)ﬁ.mi_&ding for F"""""“"‘:T,{LE‘ """""""" 1
protection (I =0,05-132-T,) / .E:-';-;_,‘;ﬁf(i“‘“\\ -
T T iy o | =B0mIn e, S0VA +60min Ehmf“
""-‘-»4,_‘\‘,“.‘ & f"fﬁf{if’ 40}“0
+8¢ =1 & | + | A& = 1,0 min + 0,62 min = 1,62 min "~} _ A '6‘9%
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It was found that errors origin from influence of voltage path on current path of
combined transformers PVA 123 not cause loss of metrological properties (loss of

class) for all secondary voltage windings .

Test result - positive.

4.7 Radio interference voltage measurement

Following to requirement of IEC/CISPR 18-2 the measurements was performed in testing
arrangement as is show on Figure 5. The interference voltage was measured on resistance 300
at frequency 0,5 MHz. To determinate coefficient of correction +23 dB before measurement the
instrument was calibrated by stabile signal generator . To measurement of interference voltage the
instrument LMZ-5 was used. The level of background was checked for range of test voltages
0 - 150 kV. Interference voltages originated form testing arrangement, radio broadcasts etc.,
were below 50V (14 dB).

According to PN EN 60044-1/A1 and PN EN 60044-2/A [ interference voltage at voltage
Up=1.1-Un/~/3 =78 kV has not to cxceed the value RIV 40p = 2500LV.

“The instrument had logarithmic scale: RIVop = 25000V — 68 dB (0 dB = 1 LLV).

The measurements were done at test voltages in range 0,3+1,1- Uy /+/3.

Test voltage was decreased step by step with value 0,1xUp since Up=1,1. U, /+/3 up to value

Up=0,3- U,/ V3. Next, voltage was increased by this same values and finally deceased again..
For each of test voltage the measurement of radio interference voltage were performed and

registered level in last series of decreasing voltage w?skg_r\'awn in function of test voltage Utest.
s,

Combined transformer B

(Combined transformer A was identical construction.)
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TP-700 100 uH X
l:? | Kondensator
| 5001500 pF SprRcRAY
— Filtr 1000pF
N PVA
bp
27542 123
Loy oawd o
500 Mernik
LMZ-5
. T 5
Fig. 5 Test arrangement for Radio interference voltage measurement
The results of measurements are present in Table and diagram below.
U, [kV] 92 84 75 67 59 50 42 33 25
¥ Un/y3 1.1 1.0 0.9 0.8 0.7 0.8 0.5 0.4 0.3
= 12 11 6 1 -1 -3 -5
[dB] <] 12 11 6 2 -1 -4 -5
= 12 10 5 2 -1 -3 -5
Wynik: [dB]|__35 33 28 25 22 20 18 - -
V] 56 45 25 18 13 10 8 - -
80
- 70
BO
50
w
E 40 E
—— - Wﬂj-soé /\\
a}" ‘;,’
s B == il 20 ( .Q- _‘J;‘n . :
'm,,\ £ )'( j \\
10 ~ oo .,
/ b, (),;}’
: 0 N \\
25 3 42 50 59 67 75

'\ed Radio Interference Voltage RIV = 56,uV (35dB)

erm = 2500 pV (68dB), -"

[
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4.8 Chopped impulse test on the primary winding

Chopped Impulse Test was supplemented to Lightning Impulse test 1,2/50us and was
described in clause 3.3 of hereby Report,

Recorded osciliograms not show of failure of insulation of combined transformers.

Test result - positive.

Oscillograms of all applied impulses are present in Appendix No. 4 of hereby Report. (

4.9 Measurement of capacitance and dielectric dissipation factor

The measurement was performed by Schering bridge of TETTEX Type 2801 with standard
capacitor TETTEX type 3370/100/330kV.

Condition of measurements:
Up=10kV; 110/43 kV=63,5kV; 123/43 kV = 71 kV

Ambient temperature during measurement was 18°C.

Combined transformer A

Test results are present in table below:

Up [kV] Cy [pF] tgd [%]
10 1183 0.23
63,5 1183 0,24
71 1183 024/ m%“m

The standard specifications for capacitance and dissipation factor for fﬁtr-uméﬁf Sy /-

transformers not provide eriterion for these parameters The S ."“ 3 RS 2

isdipation factor ™/
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4.10 Mechanical tests
Combined transformer A and combined transformer B
The mechanical tests were performed in Distribution Equipment Laboratory of Institute of Power
Engineering in Warsaw. The test consist in applying to the current path of transformers Aand B
mechanical load — static and dynamic, in three direction- in turn, Static load was 20% higher than
standard requirement for II class of load. The test conditions were as follow:

Fr=3600N, t=60s

It was assumed that dynamic load is 1,4 times higher than static load.

During the tests behaving of combined transformer was corr.ect. After test not stated any
damages or oil leakage.
Test result - positive.
Detailed information about test arrangement, performed tests and tests results are present in
Reports No. EUR/33/E/11-1E of 25.07.2011 and No. EUR/3/[E/11-2E of 10.08.2011
— (Appendix 3}

4.11 Transmitted overvoltage measurement
Combined transformer B
During the test to the HV terminal of transformer were applied impulse voltage.
Tt were recorded maximal value of overvoltages which came in each secondary windings - both

current and voltage. According to requirement of Standard for impulse 0,5/50 us and value

Ueg=1,6 - V3 x U/ J3 = 160 kV the values of transmitted overvd’ltages -can not exceed 1,0 kV.
During all measurements to the transformer were applied 11ghtn1ng Impulsas at val‘tre en times less,
that is U= 16 kV. Concerning linear of phenomenon, registered overvoitageg shodlddk:;}ve\mlu
less than 160 V (peak-to- peak value). e
Registration was don by digital oscilloscope of KIKUSUT COR 5502U w1h,' wutimpedance 50 £
and transmission band 100 MHz.- / ‘
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Results of test are present in table below.

Winding Overvoltage value | Percent of permissible
Upe/2 [V] overvoltage [%]
la-in 72,5 90.6
2a-2n 69,5 86,0
3a-3n 54,5 68.1
4a-4n 51,0 63,8
da-dn 62,5 81,3
1S1-182 70 87.5
251-252 52,5 38.5
351-352 75,5 04.4 (
581-5582 64,5 _ 80,6
651-652 64,0 80,0

1t was foufid that for each of secondary winéling of transformer transmitted overvoltages
not exceed value of 800 V that is maximum 91,3 % permissible value.
Test result - positive.

The oscillograms of all applied and registered impulses are present in Appendix No. 6

of hereby Report,

4.12 Discharge capacitor test (
Combined transformer B '

(Yoltage part of combined transformer A was identical construction.)

Discharge capacitor test consists of ten time discharged capacitor with capacitance C =6 uVv
charged through combined transformer to voltage of value U=1,1-+/2-110/~+/3kV = 100 kV, Before
tests and before each discharge the resistance of winding was measured,and temperature rise were
calculated.. The discharges was performed after 3 minutes, that is sho t@l}cfﬁibl time because
charging capacitor and performing measurements. Additionally in pur} @s\z@f{ Eh;cl.g’.n“g‘“trqsfirmer

LA
Ty

T
cooling the measurements of resistance of winding were performed and measﬁ‘remen :

S
.

used to calculation decrease of temperature during 15 minutes. Ambient tempet

temperature of transformer) was T = 23°C.

Rise of temperature was calchlated according to formula;

ad
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AR
Ro-ox

where: AR — increase of resistance of winding,

R — resistance of winding before test;

Results of performed test are presented in table and on diagram, below.

t[min] | R[Q] | AR[Q]| ATI[K]

o — temperature coefficient of resistance for copper (assumed o = 0,004)

AT [K]

0 20420 0 0.00
3 20610 190 2.33
6 | 20830 410 5.02
9 20990 570 6.98
12 21230 810 5.92
15 21420 1000 12.24
18 21650 1230 15.06
21 21850 1430 17.51
24 22030 1610 19.71
27 22270 1850 22.65
30 22480 2060 25,22
33 22230 1810 22.16
36 21990 1570 19.22
39 21730 1360 16.63

Rise of temperaturs of transformer FVA 123
during discharging capacitor test G=6uF




HIGH VOLTAGE LABORATORY EWN/70/E/11-1
INSTYTUT ENERGETYKI

POLAND 01-330 WARSZAWA, ul. Mory 8, tel. (+48 22) 836-80-48, |
fax (+48 22) 836-80-48 e-mail: ewn@fen.com.pl Page 37/39

The measured rise of temperature cirea 25 K is not danger for insulation of combined
transformer. Maximal, permissible rise of temperature in temperature-rise test is 65 K.

His criterion cab be use to capacitor discharge test too. The behave of combined

trangformer during test was proper. After test there not found any damages or oil leakage.
Test result « positive,

After discharge capacitor test in Factory Laboratory of ABB sp. z 0.0. in Przasnysz, under
supervision of representative of IEn, was ggriqrmed»muﬁn&testétogatherwwithﬂpastialdisehaf~ge«~-ﬂm~~~~~-~wﬂ"mf WWWWW I
measurement) and determination of error. He test results are presented Report (
No. 2GKPO11K 1084502 — 1.08.2011 — {Appendix No. 2),

It was found that metrological properties of combined transformer are comply assigned
accuracy classes for separate windings and measured values after tests are practically
identically to values measured before tests (clause 3.0 of hereby Report). This prove positive

result of Discharge Capacitor Test.

5. SUMMARY

Q The tests of combined transformers type PVA 123 manufactured by ABB sp: Z 0.0,
04-713 Warszawa, ul, Zeganska 1, with parameters described in clause 2 of hefeby Report
and identified on base provided documents (as presented in Appendix No. 1) was performed.
0 The combined transformers type PVA 123 passed positively type test according to requirement

of standard:

= PN-EN 60044-1:2000 + A1:2003 +A2:2004 , Przekiadniki. Cze é‘T:“ Frzekladniki pradowe”
(EN-60044-1:1999 + A1:2000 + A2:2003 , Instrument transfor e‘r’ﬁ‘P-;g{t. 1: Cumeg‘t
LA -

transformers™), e

e T
» PN-EN 60044-2:2001 + A1:2003 +A2:2004 , Przckladniki. Czgs¢ 3: Przekladnid sz, ‘7
napigciowe indukcyjne” \""'“*-uk_y Mg
(EN-60044-2:1999 + A1:2000 + A2:2003 »Instrument transformers. Part 2: Inductiv vBItage./
transformers”), '
- PN-EN 60044-3:2006 , Przekladniki. Czeéé 3: Przekiadniki kombinowane”

(EN-60044-3:2003 ,,Instrument transformers. Part I Combined trangformers™),

and program described in Table 1, clause 3 of hereby Report.
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/

A The combined transformers type PVA 123 passed positively special tests according
requirement mentioned above standards and program described in Table 1, clause 3 of hereby -
Report.

a*Jhe combined transformers type PVA 123 passed positively additional test according
to program described in Table 1, clause 3 of hereby Report what prove operation property

of connection to long overhead lines or long cable lines.

6. LIST OF APPENDIXES

Appendix No. 1
Documents provided by ABB Sp. z 0.0, used as base of identification of test object:
a Manufacturer Conformity Declaration No. 1/2011 (28.09.2011),
o Dimension drawing No. 2GKK610211/ (12.07.2011),
o Dimension drawing No. 2GKK 610212/ (1'2.07.201 1),
o Assembly drawing No. 2GKK314001M (26.05.2011),
o Electric diagram of combined transformer 50-100-200 A (25.07.2011),
a Electric diagram of combined transformer 3000 A (25.07.201 1).
Appendix No. 2

Reports of routine test and determination of errors of combined transformer type PVA 123
performed in Factory Laboratory of ABB sp. z 0.0.

o Tests before type test and special test (Measurements before type test and special tests)
- Report No. 2GKP011K 1084500 — 27.07.2011,

0 Tests after type test and special tests completed (Measurements after type test and special test
completed) - Report No, 2GKP011K 1084500 — 11.08.2011.

o Tests before type test and special test (Measurements before type test and special tests)
- Report No. 2GKP011K 1084502 — 20.06.2011,

o Tests after type test and special tests completed (Measmemenf?fteﬁype test and special test

completed) - Report No. 2GKP011K 1084502 —1.08 201L. &g, e
. R
Appendix No. 3 '=~».¥_,m_‘m bty P
Report of performed tests in Distribution Equipment Laboratory H‘”‘» s 4 Fig /
of Institute of Power Engineering in Warsaw. Bt 4\/

a Test Report No. EUR/33/E/11-1E of 25.07.2011
a Test Report No. EUR/33/E/11-2E of 10.08.2011
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ppendix No.- 4

Regort of performed tests in High Current Laboratory
of Institute of Power Engineering in Warsaw.

Q Test Report No. EWP/38/E/2011-2¢ of 9.09.2011

O Test Report No. EWP/69/E/2011e of 28.12.2011
(Temperature-rise tests)

Appendix No. 5

Lightning impulse test. Impulse 1,2/50 pis, full and chopped:
,‘,.ﬁ,.w_wwamﬁsgﬂlgg;m@ﬂewag&sﬁﬂd.detecﬁonmmts.:ﬁﬁmeﬁwm.,.,.,._ﬁ,.,_ﬁ,....w..,_ﬂ,.ﬁwﬁ.w.WwwwwwWWW,.,ﬁ.,.,?vwww

Appendix No. 6 (

Transmitted overvoltage measurement;

0 Oscillograms of measured transmitted to secondary windings overvoltages.
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General information
N,

The PVA 123 combined instrument transformers are used
for feeding measurement and protection systems in electric
power grids with highest system valtage of up to 123 kV and
frequency of 50 Hz.

They are designed to operate In grids with effectively earthed
or insulated neutral points as well as In resonant (compen-
sated) earthed systems. The PVA123 combined Instrument
transformers are suftable to operate in outdoor conditians
with ambient temperature from 233 K (~ 40°Cy to 313 K
(40°C) and at relative humidity of up to 100% at 303 K (30°C)
and at the altitude not exceeding 1000 m above sea level,

Main insulation

The main insulation is made of insulation paper impregnated with
transfarmer oll, We utilise a high quality oil conforming to IEC
60296 Standard requiremants. This oif doss not contain PCB's or
any other toxic substances and has low environmental impact.

Hollow insulator

Tha standard insulator is mada of brown porcelain with creepage
distance of 25 mmvkV. A grey composits Insulator with creepage
distance of 31 mm/kV is availabls upon request, All materials

used In the production of our Insulators conform o folovantJEG————

The PVA 123 combined Instrument transformer is top core
construction; it comprises current and voltags modules encap-
sulated in common hermetically sealed housing filled with PCB
fres transformar oil. The current module is located In transformer’s
head and voltage moduls is In 1he bottorn tank,
The transformer’s stainless steal expansion bellows is fixed to the
head and shislded with an alurninium cover. The expansion bel-
lows compansates for thermal changes in cil volume.
The location of both CT and VT modules in he hausing benefits
the environment and offers reductions in the total cost of owner-
ship of a substation due to;
~ Reduced Station footprint;

~ lower number of transformers in a bay,

= lower number of supporting structures,

- lower number of connections.

— lowar cost of civil works,

— lower transportation costs,

— lower installation costs,

Top core construction

Top core construction makes it possible to achleve high values of
thermal and dynamic short-clreuit currents as well as a broad range
of rated primary cuments and outputs of secondary windings.

Primary and secondary windings and accuracy classes

The primary and secondary windings are made of highest quality
electrical copper, enabling us to deliver to customers requiring
high accuracy (classes 0.25 and 0.58) with low values of rated
primary current, We guarantes very high transformation aceu-
racy in special classas ["S7, from 1% to 120%, 150% and aven
to 200% of the value of selected rated primary currents for both
secondary currents of 1A and 5 A,

The voltage module of PVA 123 has accuracy from 0.1 for
measuring windings. High transformation accuracy for protection
windings is guaranteed from 2% to 120% typically and aven up to
190% of rated primary valtage.

2 PVA 123

Standards,

Housing

All external parts are robust and made from corrosion resistant
materials,

The PVA 123 combined instrument transformer is leak proof dus
to o-ring sealing system in the housing that is made of high quality
aluminium alioy, The expansion bellows is equipped with larga off
level indicator that enables observations of thermal changes in oil
velume even from a distance, Each complately assembled unit Is
subject to stringent leakage chacks during routine testing.

Primary terminals

The standard primary terminals are flat, made of atuminium,

100 mm or 200 mm width. Upon request we can offer pin type
primary terminals, mads of copper or aluminiurn, with a diamater
of 30 mm or 40 mm.

Secondary terminal box

The secondary terminal box is IP55, constructed of aluminium.
The terminal box is fixed to the transformers bottom tank,
Secondary terminals are available for connection of up to

10 mm? conductors. Sealing of current and voltags measurement
secondary terminals is also possible upon request, The second-
ary terminal box has two M32 cable glands (for cables from

@17 mm to & 21 mm) and two M40 cable glands {for cables
from @ 19 mm to @ 28 mm). We offer secondary terminal boxes
with higher number ‘6§§‘gfands-upgn.xequs_s‘.‘t,,_h‘

On all secondary windings;of yoltage part of the iransformar the
breaking points ma ch%gc‘ofp;gg étﬁg’&‘]‘lg’q}'ﬁ Hﬁ’éﬁm,ﬁg were
applied, Breaking points” pro e‘ct‘the‘veItag&parhoLtbgi@fxsfor-
mer from damage in case of secondary terminal short cireuit, This




Schnical data

General information

Dimensiona! drawing

Paramater Value
: 718 49;?;'5
Type PVA 125 ol lgwed ndicator
Compliance with the standards IEC 80044-3; PN-EN 60044-3 N
Rated primary vollage 110: J3 kY
Highest system voltage 123 kV r
Rated power — frequency withstand voltage 230 kY i
at 50 Hz
Rated fighting ~ Impulse withstand voltage 550 KV
1.2/50 pis b
| i
Minlmum creepags distence 16; 20; 25, 31 mm/xV -
Rated frequency 50 Hz
Total welght 650; 580" kg 5
*composite Insulator ] a
8 1 8
Current module & o
Rated current Rated 1s thermal current  Rated dynamic current %
[A] [kA) [KA] l -
50-3000 10-63 25167 ALLER  riing eyes ALT N
reconnectable 1:2 or 1:2:4 MR M
E? L2,
[Fl B ~ . :l' f&fﬂg p{afa v-r Lan g ] ¥
Parameter Value ‘-’-’I | TEH % |
Rated secondary current 1ABA i 95?5—?;‘ = P,
Rated continuom thermal current 120%; 150%; 200% X =
Number of cores: 1-6 Eﬂﬂ
Measuring cores parameders: == ':W-ﬂ":ng:lo'v%
x
~total rated output 2.6-90 VA
I o1 sampling vahe
- aceuracy clases from 0.28 AT b
Protection cores parameters
-~ total rated output 2.5-00 VA

—accuracy classes

58, 10F, 5PR, 10PR, TPX, TPY, TPZ,

PX, PXR

Voltage module

Voltage factor and time
Number of windings:
Measuring/protaction windings:
- rated secondary voltage

— total rated output

- accuracy clases

Residual winding:

- rated secondary voltage

- rated ouiput

- accuracy classes

1.2 continuous and 1.5/30 5; 1.9/305; 1.9/8h

1-6

160 J3V; 110: 3V

up to 758 VA upto 150 VA up o 400 VA
0.1;0.1/3P

0.2, 0.2/3F  0.5; 0.5/3P
100V 190V 100:3 V, 110:3V
up to 400 VA
1;3; 3P; 6P

[+ +
- -

e e T
e
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‘Contact us

ABB Contact Center

Phone: +48 22 22 37 777

e-mall; kontakt@pl.abh.com

ABB Sp. z 0.0.

Branch in Przasnysz

59 Leszno Strest

06-300 Przasnysz, Poland '

Phone: +48 22 22 38 931, +48 22 22 39 255
Fax: +48 22 22 38 958

We resarva the right to make technical changes or
medify the contents of this document without prios
naolica. With regard to purchase orders, the agreed
particulars shall prevall, ABB does not accept any
rasponsibllity whatscever for potential errers or
possibla lack of Information in this document,

We reserve all rights in this document and in the
subject matter and flustrations conlained therein,
Any reproduction, disclosure o third partles or
utiiization of its contents — in whole or in parts —is
forbidden without prior written consent of ABB,

2127PLE20-W4-en. Edition 1.2014

VAW ABE.pl

O CapyRght 2074 ARl
Al ights reserved

Po&ver and productivity ﬂh E E
for a better world™ @% D
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ABB

Data schedule: SFg Circuit Breaker

Tender: 16Q2863109 , ltem: 10

General data

Type LTB 123D1/8
Type of operation . 3 Pole Operation
Number of poles 3

Min temperature °C ~-35

Max temperature °C 40

Max altitude m 1000

Ratings and guaranteed performance in accordance with |EC 62271-100
Rated voltage kv 123

Rated insulation levels
Rated lightning impulse withstand voltage
h

SR { =112 ). kKVeask 550
across the open circuit breaker KVpeak 650 (
Rated switching impulse withstand voltage
to earth KVpeak -
across the open circuit breaker KVpeak =
Rated power frequency withstand voltage
to earth kv 230
across the open circuit breaker kv 275
Rated frequency Hz 50
Rated normal current A 2500
Rated short—circuit breaking current kA 31.5
DC component % 41
First pole~to—clear factor 1.5
Rated translent recovery voltage for terminal faults KVpesk 21
Rated characteristics for short line fault
Peak factor 1.6
RRRV factor kKVipsikA 0.2
Surge impedance Ohm 450
Rated peak making current kAgeax 78.8
Rated duration of short-circuit current s 3
Rated out of phase characteristics
Out of phase making and breaking current kA 7.9 (
Voltage factor 25
Rated line charging breaking current A 31.5 s,
Rated cable charging breaking current A 140 e e
a0y o .
Rated operating sequence 0-0.3s CO-3£ni?nf-{(f\Oﬁ LB WHAJ}A]
Mechanical endurance class M2 “"‘*‘“‘-Mw—_M_HH&__% i
Operating times
Opening time ms 30-36
Break time ms 50
Closing time . ms <58
Constructional features
Number of breaks per pole 1 i
Gas mixture 0.7 MPa SFé
Total mass of gas kg 7
Volume of gas liter 3x50 —
Max. working pressure MPa {gauge) 0.80 _
Filling pressure at +20°C MPa (abs) 0.70 %\ -
Alarm pressure MPa (abs) 0.62
Blocking pressure MPa (abs) 0.60
Bursting disc No

: IEC(40) 9-hole +
\ &HV terminal - NEMA(44.5) 4-hol
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Heater In packing boxes
Dimension print

Rating plate
Selsmic/Reinforced

lasulators
Type of insulators and colour

212

Yes

1HSBDGO0003-710
{HSBRGO0003~519
0.5g IEC 62271-300

Brown porcelain

Min nominal creepage distance phase—to—earth mm 4015

Min nominal creepage distance across open breaker mm 3800
Operating mechanism

Number of drives 1

Motor charged spring operating mechanism MSD1

Whether fixed trip or trip-free (IEC Publ.80050{441}) Trip-free

Operating voltage vDC 220

Heater voltage VAC 230

Motor voltage VDC 220

Power required at rated supply voltage by

Closing coil w 230

Opening coll w 230

Motor kW 0.6

Healing element, continuously W 75

Heating etements, connected by thermostat W 1585

Number of available auxiliary contacts making and breaking 15NO+15NC

Manual trip Yes, internal

Type of terminals supply Entrelec M6/8

Type of terminals signals Entrelec M4/6

TCS resistor drive
Circuit diagram drive

YES without resistor
1HSB543260-AAM

© ABB AB 2015, All rights o this document and its information are reserved. Any form of reproduction,
use, or disclosure to third parties or unauthorised persons without oyr prior written consent is strictly forbidden.
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Routine test description

DESCRIPTION

OUTINE TESTS ON CIRCUIT-BREAKERS TYPE HPL, ED and LTB

The routine tests are performed for the purpose of revealing faults in material or
construction and are made on each apparatus manufactured. In general, these tests
-~ are performed according to IEC 62271-100 or ANSVIEEE 37.09,

The routine tests are part of the production flow and are always performed using the
st procedures outlined below, irrespective whether the tests are witnessed by the
client's representative or not.

If, during testing, questions will arise from the client's representative with respectto
test procedures, test data or documentation, please contact the ABB order
representative. The routine test is a critical part of the production flow and must not be
interrupted in the middle of the process.

After each routine test, a test review meeting is held together with the inspector in
order to summarize the tests, documentation and for solving any questions which may.

have arisen durifig tests;

Routine tests on circuit-breakers consisting of one single interrupter per phase are
performed on completely assembled poles.

When the circuit-breaker consists of more than one interrupter per phase, i.e. V-, or T-
shaped breaking units, the routine tests are performed on the circuit-breaker
assembled as transport units. The transport units (post insulators and breaking units)
are In this case mounted on special frames to enable connection to the operating
mechanism. '

The tests on transport units have been verified with respect to operating values and
contact travel measurement and compared with full scale testing. Hence, the technical
provisions include operating values on both full scale testing and the corresponding
tests on transport units.
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7 ROUTINE TEST SEQUENCE

The complete routine test has been described below, in order of appearance and with
reference to the sub-clause of the relevant international standard.

Tests 1-4 in fhe table below are, if otherwise not agreed, performed prior to the client's
arrival. The routine test witnessed by the client starts with test 5.

Tests Reference {IEC) Reference (ANSI/IEEE)
1. [EC 62271-100, Cl. 7.5 ANSI/IEEE €37.09, CI. 5.6
- Design check.

L Visual check.

- Nameplate check.

2. [EC 62271-100, CI. 7.101 ANSI/IEEE €37.09, Cl. 5.9

Resistance measurement of
components included in auxiliary
and control circuits.

FOperating coits 1}
- Relays1)

. Contactorsl)

- Heaters.

Measurements are made before
the test object is installed into the
test bay.

Test values are stored in the
computer.

1) Not applicable for Motor-Drive

3. - -
The test object is assembled in the
test bay and adjusted to correct
test position.

The gas hose is cogneeted'fﬁ’{ﬁder Ll \-1\,;“;-,‘-.1._':‘»%

zas valve(s) on the me %b?m;;,ﬁ; BAdh

housing. Control G'earthingwmm»'
T L e

ables are connected'ifithe test

equipment.

4, Not specified ANSI/IEEE €37.09, Cl. 5.4.4,
Overpressure test at 1.15 MPa (abs)
for 5 minutes.,

IAfter the test, the pressure i3
reduced to rated filling pressure.

5.
L Circuits of test equipment are
checked.

- Funciton check of the limit switch
during first motor charging
operation.

L83
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6. ) .
The circuit-breaker is operated and
adjusted acc. to relevant technical
provision.

ANSI/IEEE C37.09, Cl. 5.11

X}_

7. .
Function check of relays and
auxiliary equipment (if applicable).

- Wiring (in accordance with circuit-
diagram)

- interlocking relays

- Undervoltage relays

- Current relays

+ Signalling devices

- Time relays

- Anti-pumping device (relay)

- Contactorsi)

- Heaters

IEC 62271-100, Cl. 7.101

ANSI/IEEE C37.09, Cl, 5.10
and Cl. 5.14.2

- Counter

- Auxiliary contacts

- Thermostat settings

- Local/Remote operation

- Check of min. operating voltage
for the release of [atches

- Logical functions (only applicable
for Motor-Drive)

-Check of discharge function {only
applicable for Motor-Drive).

1) Not applicable for Motor-Drive

1HSB415409-646
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A
8. IEC 62271-100, Cl. 7.101 ANSI/IEEE €37.09, CL. 5.12
Mechanical operating test _ and Cl. 5.13 \
(timing test run by semi-automatic
test program). , -

At minimum supply voltage:
- Five closing operations
- Five opening operations

At maximum supply voltage:
- Five closing operations

- Five opening operations
At rated supply voltage:

- Five closing operations

- Five opening operations
- Five close-open operations
- Four open-300ms-close

operations
= One open-300ms-close-open

operation

Measurement of pre-insertion
resistance and timing test on pre-
insertion resistors (if applicable).

9.
- Check of damping device

- Measurement of time and
current for spring charging

10. IEC 62271-100, Cl. 7.3 ANSI/IEEE €37.09, CI. 5,15
Resistance measurement of the ="+
main circuit.

- Check of quality control marks
{paint- marking, etc.}

11, IEC 62271-100, Cl. 7.2 ANSI/IEEE C37.09, Cl. 5,17
Dielectric test on auxiliary and
control circuits. 1)

Test voltage 2 kV for 1s, 2) :

Motors are tested at 900 Voford™" | . cyidd

min (only ANSI/IEEE). | oo § P07 e

LAY -

1) Motors are disconnec ed"dtf‘rﬁ

dielectric tests, as they already

have been tested by the sub-

supplier,

2) Test requirement acc. to JECis 1

kV for 1 s and acc. to ANSI/IEEE 1.8
kV for1s.

Doo. ne, Lang. Rev. ind, |Page
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~{12.

he test object are transferred to
the high voltage test bay

{only for circuit-breakers of type
HPL and LTB-E).

O

13.

Dielectric tests on the main circuit
at minimum functional pressure.
Please refer to section for dielectric
esis below, for detailed
}Formation

- Overpressure test at 1.15 MPa
(abs) for 10 minutes,

AN

IEC 62271-100, CI. 7.1

ANSI/IEEE €37.09, CI. 5.16

14.
Tightness test (ieakage test).

1EC 62271-100, Cl, 7.4

ANSI|/IEEE C37.09, CL. 5.7

A “'""‘*":CSS test-is pret IUI IIICU at

transport pressure, by sniffing
sealed joints on insulators and
housings.

15.
Identification of material and
articles.

Not spe

-Serial numbers of insulators are
registered

- Charge numbers of pressurized
metal parts are registered.

cified Not specified

After completion of the routine tests, the test Obj
bay and prepared for packing.

Ja T

ect is removed from the high voltage test

:"Mﬁ*:} st b e
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Dielectric tests

The power frequency voltage tests on the main circuit are performed on complete

poles (in case of single-unit circuit-breakers) or transport units (in case of multi-unit -
circuit-breakers). The power frequency voltage tests are performed with the circuit-

breaker in open position only. This is valid for both single- and muiti-unit circuit-

breakers. For application of the voltage, please refer to Fig. 1 for single-unit circuit-

breakers and Fig. 2 for multi-unit circuit-breakers.

When the circuit-breaker is in open position, the internal flash-over distance phase-to-

‘darth is at its minimum. Hence, the test phase-to-earth with the circuit-breaker in

closed position is deemed to be covered.

At routine tests of support insulators, when the voltage requirement is higher than the
maximum available test voltage, the test voltage is split in two parts, see Fig. 3.

=

Figure 1: Diefectric tests on single-unit circuit-breaker
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REVISION

Rev, ind, |Page (P) |Description Date
Chapt. (C) Dept./Init.
A P7,C.3.1 |Standard reference IEC 60694 is replaced by |IEC 62271-1. 2009-04-28
B |P1-10 Editorial changes. 2015-01-08
&\ | |P2 45 |Editorial changes. 2015-03-24
D\\'\ )&/ P4 Number of mechanical operations corrected 2015-04-17
N
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ABB is the supplier of cutting edge :

technology

Our task is to help our customers to a more reliable
power grid and sustainable society at large. This s why
we always strive for the leading position in research
and development. ABB has all the experlence necessary
for successful development of power transmission
technology.

This Buyer's Guide concerns one of our true speclalty areas
- high voltage circult breakers — an area in which we are con-
stantly striving to improve product performance that delivers

. real customer valus, What has pushed development forward

An important aspect of development work Is our close dialog
with customers, which enables us to find out about their ex-
periences. Customers who demand more of our products give
us the best platforms to realize new innovations.

Thought leadership

Our design work with constant improvements and simplifica-
tion of our products have resulted In; 550 kV circuit breakers
without grading capacitors; the Motor Drive with a servo mo-
tor system that accurately controls and monltors the contact
operation and the LTB D1 and E1 circuilt breakers with MSD

has baen the capabllity to Increase availability at our custom-

ers' installations by supplying rellable high voltage equipment.

Development is a team effort

Our development team conslsts of highly qualified and expe-
rienced techniclans with expert knowledge In, for example,
plasma physlcs, materials physics, gas dynamics, mechanics
and high voltage technology. We also collaborate with others
with expert knowledge and skills, both at ABB and externally.

operating mechantsm that provide fast and simple Installation
at slte.
Other mile stones:

—~ 80 kA with only two breaking chambers psr pole

— The DCB concept that enables smarter, safer and greener
substations

~ Excellent earthguake performance suitable for seismic
regions

— The ecc-efficlent CO, circult breaker LTA

5 . \ i -
New technology requires careful testing. o / m;( 9,-% il
ABB'’s high power laboratory Is among the-#/¢ i most modern and best equipped labs for switchgear technolagy, with facilities for testing cireuit

breakers with rated voltages of up to 1200 k

afd breaking currents of up to 80 kA, .

Live Tank Circuit Breakers — Buyer's Guide | Product information 3



Product portfolio
Live Tank Circuit Breakers

ABB has a complete porifolio and well proven technology for high voltage circuit breakers used in a number of
applications.

LTE D1 72,5 -170 LTB E1 72,5 - 245 LTB E2 362 - 550 LTE E4 800
Standards IEC, IEEE IEC, IEEE IEC, IEEE IEC, IEEE
Rated voltage 725 -170 kv 72.5 - 245 kV 352 - 550 kV 800 kV
Rated current up to 3160 A up to 4000 A up to 4000 A up to 4000 A
Circuit-breaking capacity up to 40 kA up to 50 kA - up to BO KA up to 50 kA
Ambient temperature -30 ~ +40°C -30 - +40°C -30 - +40°C =30 - +40°C

Tha cireult breakers can also ba suppfed for amblent temperatures down 1o -60 or up ta +70°C,

“"HPL 72.5 - 300 HPL 800
Standards IEC, |IEEE IEC, |EEE
Rated voltage 800 kv
Rated current up to 4000 A
Circuit-breaking capacity up to 80 kA
Ambfent temperature -30 - +40°C
1Up 1o 1200 kv on request ]
Tha clrcuit breakers can also ba suppted for amblent temperatures down to -60 or up to +70°C. /\

3




Product portfolio
Disconnecting Circuit Breakers

As a complement to the basic versions of our circult breakers, which are primarily designed for conventional

substation solutions, there is a disconnecting circuit breaker configuration with the disconnecting function integrated

into the breaking chamber. A safe interlocking system, composite insulators and a motor-driven grounding switch

provide personal safety.

DCE LTB 72.5 DCB LTB 145 DCB HPL 170-300
Standards IEC IEC IEC
Rated voltage 72.5 kv 145 kv 170 - 300 kV
Rated currant up to 3150 A . M,,.»s-up”fo 31 up to 4000 A
Circuit-breaking capacity UEJQ,AO‘-M""PM . m,‘_td;?)f?‘ﬁ up to 50 kA
Amblent temperature -30-+409G ¢ P ap -30 - +40°C

The disconnecting circuit breakess can al b&‘;b‘ﬂﬁlfemdr’other data o equests™
For morg information about DCBs, please spe Application Guide-1#5R 9543 23-03en
! P

DCB 362-550
IEG
362 - 560kV
up to 4000 A
up ta B3 kA
-30-+40°C

3
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lnstallations With
ABB Live Tank Circuit Breakers |

Disconnecting circult broaker LTB DCB for 72.5 kV Installed at a windfarm Disconnecting circuit breaker HPL DCB for 420 kV installed in a switching
in Sweden. station in Swadan.

Disconnecting circuit breaker LTB DCB for\{45 k¥ with the operating
mechanism Motor Drive installed at refurblshfnent in Norway.




