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Transformer bushings, type GSA-OA
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Original instruction

The infarmation provided in ihis document is Intended to be general and does not
cover all possible applications. Any specific application not covered should be
referred directly to ABB, or its authorized representative.

ABB makes no warranty or representation and assumes no liability for the
accuracy of the information In this documeant or for the use of such information. All
Information In this document is subject to change without notice.

This document must not be copled without our written permission, and the contents
thersof must not be imparted to a third party nor be used for any unauthorized
purpose. Contravention will be prosecuted.
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Design

GSA-OA is a Resin Impregnated Paper (RIP) bushing with
Slllcons Rubher (SiR) insulator. The condenser core is
bonded directly to the silicone rubber to give a compact and
fightwelght bushing, containing no gas, oll or other liquids.

The GSA bushings are produced by winding a créped paper
web onto a mandrel, with aluminfum foll inserts for electrical
stress control, The core is impregnated and cured under
vacuum, giving a partial discharge free bushing with low tan
d (dlssipation facter). After curing, the core is machined and
the flange is fitted.

The inner terminal is fixed to the top piece with a divided ring
(patented by ABB} and can be connected to leads by brazing,
For maximum current rating, a solid copper rod is usad.

Outer terminals are available in a number of standard
configurations In aluminium and coppet, but can also be
medified to suit any connection need.

The standard colour of the mounting flange and of the
insulator 18 ANSI 70, light grey.

Standards
The GSA bushing Is designed and tested according to
IEC 80137 and IEEE C57.19.00/01 in applicable parts.

Features and benefits

Solid

Reduced risk fer fire, any mounting angte possible, cil leakage
from the bushing eliminated, ne monitoring of pressure and ol
level,

Seals the transformer
Reduced risk for fire, risk for oil leakage from the transformer
reduced.

Mon-shattering materials

Protection of personnell and equipment, easy handling, safe
transport - also when mounted on the transformer, high
selsmic withstand

Light welght, compact
Easy handiing, small requirements on space inslde
transformer, low life cycls environmental impact.

Silicone rubber insulator

Superior electrical performance, cleaning normally not
needad.
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Cuter terminal

Soons rubber Insulator

Solid conductor

Flg. 1. Transformer bushing type GSA-OA.
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Transportation and long term storage

The bushing is surrounded by a sealed moisturs-proof

wrapping material together with a drying agent upon delivery.

The supplied protective wrapping shall not be opened if
the bushings are Intended to ba stored. After transformer
test, it I also important to reseal the bushing with the
supplled protective wrapping or a slimilar moisture-proof

wrapping, together with & drying agent. The wrapping works

as protection for transportation and storage (< 6 months).
Note that bushings with standard wrapping shall be stored

protected from precipltation.

For longer storage times {>6 months) a container have fo be

ordared separately.

General specifications

or conditions exceeding the standard specification, please

consult the supplier.

Application:

Transformers

ClassHication:

Resln Impregnated paper, capacitance graded,
outdoor Immersed bushing )

Amblent lemperature:

140 °C to -40 °C, minimum value ace. to
tempsraiure class 3 of {EG 60137

Altitude of site:

<1000 m

Level of raln and
humidity:

1-2 mm raln/min, honzontally and vertically, as
per IEG 60080-1, 2nd 5 mm/min, as per IEEE

Poliution level:

IEC 80816

According to specific crespage distance and

Immersion mediurn;

terperature +115 °C,

Transformer oil, Maximum daily mean cil
tamperature +80 °C, Maximum ternporary oil

Oll leve! in transformer:

Not lowar than 25 mm from the bushing fiang

e

Max pressure of

100 kPa (over pressure)

medlum:

_Angle of mounting: Honzental to vertical

Test tap: Test tap with 4 mm male contact pin .
Capacitance G, of test  {< 5000 pF

tap:

Arclng horns: Optional

Conductor; Solid or flexible draw lead conductor

Markings: Conforming to IEC/IEEE,

§Z8E 2750-111 8n, Rev. 9 | Technlcal gulde GSA-G
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Testing

Routine testing

The bushing Is routine tested accordlng to applicable
standards. The tests include measuremeant of partial
discharge quantity, tan §, capacitance, dry power frequency
voltage withstand test. The flange Is separately tightnass
tested with hellum. A visual inspection Is performed,

An Individual routine test protocol Is delivered with each
bushing from ABB.

Type tests
Complete typs tests have been parformed and reports are
available on request. i

Special tests

A number of tests not specified by international standards
have also been performed and reports are avallable on
request,

Test tap

The cuter conducting layer of the condenser cors is
connected to an insulated test tap on the flange. During
operation the protective cap must be fitted to earth the outer
layer to the flange. The maximum test voltage Is 2 kV, 50 Hz
for 1 minute. The maximum service voltage 1s 600 V,

Test tap adapter

For testing, a speclal test adapter is required for permanent
connection of the test tap to the measuring circuits.

6 Technical guide GSA-OA [ 12SE 2750-111 en, Rev. 9

Flg. 2, Test tap.

Fig. 3. Test tap adapter, 128C003881-AAC.
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Electrical data

Ratings GSA-OA 52 73 123 145 170
Rated voliage IEC (kW) 52 728 123-170 145-170 170
Rated phase-to-ground voltage IEC {kV) 30 42 98 o8 g8
Insulaticn class IEEE (kV) 46 69 118 138 161
Rated Vne-to-ground voltags IEEE (kW) 29 44 83 a8 2
Basle Insulation Levei (kv) 250 350 580 650 750
[Equal to dry lightning Impulse withstand voltage.}

Rated current (A) 2000 2000 1600 1600 1600
Draw load surrent (A) 1260 1260 1250 1260 1250
Rated frequency [Hz} 50/60 50/60 50/60 60/60 50/60
Temporary over voltage (kV) 52 73 170 170 170
Wat powsr frequency AG (kv) a5 140 230 . 275 325
Dry power frequency. Routing test 1 minuta (V) 20 160 260 310 365
Nominal capacitance bstween conductor and tost 1ap C1 10 % (pF) : 215/417/543 | 325/512/836 | 216/319/369 | 233/326/386 { 311/404/467
Space for current transformer {mm) 0/300/500

1Z8E 2750-111 en, Rev. 9 | Technioal guide GSA-OA




Dimensions

Dimenslons are subject to modification without notice.

Dimenslons In mm

TotalL ;OH ;A iDraw iTop !Arcing [Flangse iCondenser ;CentreiMin. Hele iFlange!lnsulator|Top
side iside ilead ipart {distance lhelght icore outer ihole igasket icircle {D7 sheds ipiece
11 1.2 L4 LS L7 L8 D1t D2 surface ;D6 D8 diameter
iner Dg
Type diameter
GSA  |Cat. No. D5
52 LF 130 052-BAi734 145 1589 {683 158 467 101 28 51 110 185 1225 1230 120
-BBii034 1445
-BCi1234 545
73 LF 130 073-BAii028 {260 1769 i¥63 66  iB47 101 28 51 110 185 225 1230 120
-BBi1329 {560
-BCi1528 {760
123 LF 130 123-BAit444 1255 1118931183 56 11087 il 36 51 150 250 200 1270 160
-BBi1744 1555
-BCi1p44  i755
145 LF 130 145-BAi 1731 362 1369:i1363 i56 11247 it 136 51 150 250 1280 1270 160
-BB:2031 B62
-BCi2231 862
170 LF 130 170-BA{2019 430 1160911603 (66 1487 101 136 51 160 260 1280 270 160
-BBi2319 1740
-BCi2519 910
Cantilever loac
Max. permitted loading
Space for perpendicular to the
current et Number | Flange Creepage distance terminal
Typo Rated transformer i mass {ofholes thickness | total protected
GSA current {A)  Cat. No. {mm) {kg) ni T {mm}) {mm) {N) Test (N}
52 2000 LF 130052-BAi 0 13 5] 15 1642 700 2000 ¢ 4000
-BB ! 300 16
-BC | 800 17
73 2000 LF130073-BAi O 18 6 15 2323 1000 20009 4000
-BB{ 300 20
-BGCi 600 21
123 1600 LF 130 123-BA1 O 45 8 15 3913 1700 20002 4000
-BBi 300 50
-BC1 500 53
145 1600 LF 130 145-BA: O 52 8 15 4595 2000 20009 4000
-BBi 300 57
-BCi 600 60
170 1600 LF13C 170-BA{ 0 61 8 15 5504 2400 20002 4000
-BBi 300 66 .
-BC i 500 69

1} Exceading 1EC 60137 Gantlever load Level II.

2) Conforming to 1EC 60137 Cantiaver load Level Il

8 Tachnical guide GSA-OA | 1ZSE 2750-111 en, Rev. &

e

((




(.

g~ D3
D

Ll

a15xnt

Hela desiga for
GEA 123-170

Hela deslon for
GSAB2-T2

L7

L4

D1

D2

Fig. 6. Dimenslons.
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Connection details

Outer terminal
The outer terminal needs to be specified in each case. The
outer terminal Is then used together with either a solid rod, for
maximum current capacity, or a flexible lead for greater ease
of assembly, when the required current capacity is lower.

The outer terminal Is available In a number of standard
configurations. Other configurations can be supplied on

request.

Material Plating : Stud dlameter | Cat. No. Mass

{mm) LF 170 079 {kq)

Aluminium - B0 -A (standard) 2.3

- 30 -B (standard) 11.6

Copper - B0 -C [standard) 6.2

- 30 -D (standarg) 3.8

Tin 60 -E 8.2

Tn 30 -F a.6

Sitvar 60 -G 6.2

Sitver 30 -H 3.6

inner terminal
The Inner terminal is made of copper for connacticn of a draw

lead.
Material and design | Conductor Cat. No. Mass
diameter {mm} LF 170 080 {kg)
Copper for brazing 5 (pilot holg) -A 1
il -B 1
i3 -G 1 .
15 -D 1
18 -E i
30 -F i
42 -G 1
45 -H 1

10/‘Tﬁ nical guide GSA-OA | 1ZSE 2750-111 en, Rev, 9
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Termnal stud
126 -
O Y
PO +- - Diided ring
Tighten'ng ring f
Fig. 8. Outer terminal,
M3
w !
v T
a5
0 D_cable
849

Fig. 9. Inner terminal,
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Sofid rod conductor

The rod Is produced from electrolytical copper and divided

into two parts for eage of assembly. The parts are joined with

a screw Joint with undroppable screws. The lower part of the
solid rod Is designed to enable cannection by brazing. The
solid rod s avallable with two alternative dividing polnts, 20
mm below the bushing flange or 20 mm below the space for
current transformer. The solid rod is delivered without paper

insulatlon,

Conductor insulation

Draw leads and sclid rods must be insulated with vacuum oll-

impregnated insulating paper or equivalent, to give sufficlent

insutation Integrity. The paper insulation must be min. 2 mm

Draw lead: The paper insulation must be brought min. 50 mm
inside the bushing centre hole.

Solid rod: The paper must fill the recess and cover the whole
solld rod end downwards.

D1
D2
] 1
] i1
97/
H
47 a5 i Insufate up 0| nsviate
to here up 1o hero
; 35
043 258
849 062
1600 A 2000 A
Flg. 10. Solld rod conductor.
Ordering particulars for solid rod conductor
Divislon at flange Dlvislon at current fransformer Mass (kq)
1600 A 2000 A 1600 A 2000 A
Bushing Upper part Lower part Lower part Upper part Lower part Lower part
Cat. No. LF 170081 LF 170 082 LF 170 082 LF 170081 LF 170 082 LF 170 082 1600 A 2000 A
LF 130052 { -BA -ABA -DABA -ABA - - - 13 13.56
-B3 -BABA -DABB -ABB -ABS -DBABA -BABA 18 18.6
-BC -CABA -DABC -ABC -ABC -DCABA -CABA 21.5 22
L¥ 130073 | -BA -BBA -DBBA -BBA - - - 18 18,5
-BB -BBBA -DBBB -8BB -8BB -DBBBA -BBBA 23 23.56
-BC -CBBA -DBRC -BBC -BBC -DCBBA -CBBA 20 26.8
LF 130 123 | -BA -DBA -DADBA - - - - 25 -
-8B -BDBA -DDBB - -DBB -DBDBA ‘ 30 -
-BC -COBA -DDBG - -DBC -DDBA - 33 -
LF 130 145 | -BA -EBA -DEBA - - - - 29.5 -
-88 -BEBA -DEBB - -£BB -DBEBA - 337 -
-BC -CEBA -DEBC - -EBC ~DCEBA - 3r.1 -
LF 130 170 i -BA -FBA -DAFBA - - - - 34.5 -
-BB -BFBA -DFBB - -FBB -DBFBA ~ 39.5 -
-BC ~-CFBA -DFBC - -FBC -DFBA - 42.5 -

1Z3E 27560-111 en, Rev. 9 | Technlcal gulde GEA-O.
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Separate terminal plate with bolts
The separate terminal plate is avallable for stud with @ 30 mm, 15
and used for connacting the bushing to the line conductor.

175

Material Cal. No.
Alusminium LF 170 014-A
Nicke! plated copper LF 170 021-A

o
L3

=)
&=

Flg. 11. Separate terminal plate with holts,

Arcing horns

Arcing horns made of galvanised steel can be mounted on
the bushing. The arcing horns are avallable for stud with

@ 30 mm.

The lower rod Is fastened onto the flange with one of the
fixing screws and the upper rod by means of a bracket on ths
auter terminal. '

The gap distances for standard arcing horns are shown in the
table. Other gap distances on request.

Bushing type K (mm}) 1 C (mm) H {mm)

GSA B2 230-440 315 i12

GSA 73 400-620 315 112

GSA 123 620-860 315 114

GSA 145 700-1080 380 224 Fig. 12. Arcing horns,
GSA 170 8201280 380 224

12 Technlcal gulde GSA-OA | 1ZSE 2750-111 en, Rev, @
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Conductor loading

The GSA bushings fulfil the temparature rise test requirements
according to JEC and IEEE for the cutrents below:

Bushing type Conductor Parmissible currant
GSA-OCA 1EC {(A) IEEE (A}
52-73 kY Solid rod 2000 2000
123-170kV Solid rod $600 1600
All types Stranded cable
185 mm? 400 400
740 mm? 1280 1260

Overtoading of bushings

If the conductor for the bushing Is selected with 120 % of the
rated current of the transformer, the bushing is considered

to be able to withstand the overload conditlons stated in

IEC 60354 without further clarifications or tests, according to

IEC 60137.

Short-time current
The rated thermal short-time current {I,) is calculated
according to IEC 80137,

Conductor Rated Area Short-tima Dynamic
current A mme? current (1) current {1}

kA, rms k4, peak
1s 2s

Solid rod 2000.. 1600 | 1888 100 9B 240

@ 49 mm Cu

Stranded 1260 740 B1 43 107

draw-lead

1ZSE 2750-111 en, Rev. 9 | Technlcal gulde GSA-OA 13




Ordering particulars

When ordering, pleass state:

~ Type and catalogue number for bushing. (BB Ludsia, Speden
' GEAS2-0A20000.3 LF130052-60
- Catalogus number for inner terminal cr conducter, lower Mo,
Urdy 6248 KV Ir 000 A B0O/E0 Hz
and upper part, ‘ Ou7aThe warsin w O
-~ Catalogus number for cuter terminal. Mo kg L o#5mm o b oogor
ar g Gl pF  Tand A
~ Additional accessorles or modifications, Gz oF Tend %
~ Test required, In additicn to tha normal routine tests.

Fig. 13. Nameplate with marking example.

t4 Technlcal gulde GSA-OA | 1ZSE 2750-111 en, Rev. ©




Recommendations for positioning

The maximum stresses In the oil at the surface of the
conductor insutation must be imited to those values normal
for insulated conductors and simllar components In the same
transformer.

The adjacent recommeandatlons are intended as guide lines
whan complete calculations are not carrled out.

Type GSA {internal Insufatlon level of :Distance to earthed parts
transformer (kKV) R (mm)

52 250-95 75

73 350-140 90

123 550-230 145

145 850-275 165

170 750-325 180

A ;
\ /
ARV

Distancae to fiat surface
e.g. tank or core
clamp

l

Space for current
transformers
Y
L\\H in2 S 7l
o\ N L /
\' 7

!

Earthed tayer

Flg. 14. Recommendations for posltloning.

1ZS8E 2750-111 en, Rev. 9 | Technical gulde GSA-CA 15
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1. General

Type CM2 Vacuum Cn-Load Tap Changer (herefnafter referred as CM2 or CM2 OLTC) is a typical combined-structure
tap changer applicable n oit-immersed transformer, comprising of two major parts: diverler switch and tap salector,
The CM2 OLTC is put in transformer oil tank and its diverter switch has a separate ofl compartment from transformer
tank, while tap selector, togsther with transformer windings, is completely laid inside the tank. OLTC's installation is
divided Inte two types - standard tank flange and bell-type flange.

Three-phase CM2 OLTC could be used at neutral point of stai-connection, and a combination of inree units of single-
phase CM2 OLTC is designed for any selectable winding connection.

Baslc connactions of tap winding as In fig.1

—0
o
o

~l
) o
+
—0 10 (L K ATTK])
0 Qg —Q ¢
—C —Q —C
—0 —O —0
—O —O —O
—0 « l/* —O —oO
—0 v O —Q
o
—0 —O 0O
—0 4 O 4 —0 1
a) Without change-over selector b) With reversing switch ¢) With coarse tap selector

Fig.1 Basic Connections of Tap Winding

&) without change-over selactor
This linear regulation can be designed by a maximum of 9, 11,13,15 or 17 steps, namely 10, 12,14,16 or 18 operafing
positions at maximum,

b) with change-over selector

With reversing switch or coarse tap selector, the regulating range will be doubled to maximum 19, +11, £13, +15 or
+17 steps, namely 19,23,27,31 or 35 operaiing positions at maximum, when actual positions are less than above
mentioned ones, it can be easily realized by passing over continuous operation of motor drive unit or equal potential
connection of multiple operating positions.
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2. Technical specification
Type CM2 OLTC complies wiih [EC60214-1: 2003 standard, please refer to below table 1.

Tabei CM2 Series OLTC Main Technical Specifications

ltem Specification O B Ol S9% | cw21 800 | czi 1200 | vz 1500
1 Max. rated through-current (A) 500 600 800 1200 1500
2 Rated frequency 50 or 60
3 Connection Three-phases for neutral point of. stzlzr connectio.n

_ Single-phase for any selectable winding connection
4 Max, rated step voltage (V) 3300
Rated step capacity (kVA) 1400 1500 2000 3100 3500
6 Short-clreuit Thermal (33} 8 8 16 24 24
current test (kA) Dynamic (Peak) 20 20 40 60 60
; Max. Operating Without change-over selector 18
Positions With change-over selector 35
H‘ggﬁfgﬂ‘i‘;ﬁ‘%ﬁ:"r 72.5 126 170 252
| by | ] o m w
pignngmmee w0 w0 wo o
9 Tap selector 4 grades of B, C, D and DE according to insulation fevel
10 Mechanical life Not lass than 1,500,000 operations
1 Contact life Not less than 600,000 operations
' Servica pressure 0.03MPa
12 compg:itment Leakage test No leakage under 0.08MPa for 24 hours
Of:vlz\iﬁ:rf:er Over pressure protection Bursting cap busts at 300 £ 20%kPa
Protection relay Qil fiow speed set at 1.0m/s £10%
13 Motor drive unit SHM-IIl or CMAT
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3. Model designation

3.1 Model designation

Type CM2 OLTC models varies with number of phase, maximum.rated through current, the highest voltage for
equipmant, insulation grade of tap selector and connection mode, etc.The parameters are represented as in Fig.2
below.

CM2 HI-600 Y / 126 D-10193W
T —Il Basic connection dlagram of tap selector

Tap selector insulation grade
Highest voltage for equipment

Connection mode: Y for regulation at neutral point

Max .rated through current

Number of phase

Type

Fig.2 Designation of CM2 OLTC

3.2 Designation of hasic connection of tap selector

The tap selector may have different spec with respect to the number of the steps required and connection of the
tap winding. The basic connection mode! reflects the relevant pitch of the conlact circuit, the number of operating
positions, the number of pitches of tap selector, the number of operaling positions, the number of mid-positions and
change-over selector type. See below Fig.3 for the indications of tap selector model.

10 19 3 W

Change-over selector (W: with reversing switch; G: with coarse
tap selector)
Number of Mid-position (divided into 0, 1, 3)

Max.operating positiens (depends on with or without change-over
selector, max.up to 107)
Tap selector pitch (divided into 10, 12, 14, 16, and 18)

Fig.3 Designation of Basic Connection Diagram of Tap Selector

3.3 Survey of basic connection diagram of tap selector

Ditferent numbers of taps correspond to different connection diagram. Fig.4 shows regular basic cennection diagrams
of the tap selector, and special design depands on the from customers.
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4. Terms and definitions

4.1 Through current

Rated through current ( 1) : The current flowing through an on-load tap-changer towards the external circuit, which
is capable of transferring from one tap to the other at the relsvant rated step voltage and which can be carried
continuously while meeting the requirements of the standard.

Max. rated though-current (J,.): The highest rated through-current for which the tap-changer is designed for and which
is the current reference for all related test.

4,2 Step voltage

Rated slep voltage (U): For each rated through-current, the max. permitted voltage between two terminals which
connect to two adjacent taps of the transformer.

Maximum rated step voltage (U.): The highest value of the rated step voltage for which the tap-changer is designed.
The maximum rated step voltage of type CM2 is 3300 volt.

4.3 Rated step capacity P,

The step capacity equals to the product of step voltage multiplied by current. While the rated step capacity of OLTC s
a permissible maximum step capacity during continuous operation. That is Py,=U;X|,, The rated step capacily refers
to Fig.5.

Usi(v)

1600 |-—+ SN Lewratgnn caz o0 Caszitsoo

e
1200 o218

_ U—— Rated step voltage
0 200 400 600 800 1080 1200 1400 1600 1800 2000 lu{A} I, —— Rated through current

Fig. 5 Curve of The Rated Step Capacity of CM2 OLTC

4.4 Breaking capacity

The breaking capacity refers to the maximum switching capacity under the safe changeover load, according to
IEC60214-1(2003) stipulation, 40-time breaking switches shall ba performed at a current corresponding fo twice the
maximum rated through-current (lum) and at its relevant rated step voltage{U).

The breaking capacily of CM2 OLTC: P,y = 2P = 21y X Uy,

P...: Rated step capacity

|y Max. rated through current

U,,: relevant step voltage
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4.5 Electrical life of vacuum interrupter
The electrical life of vacuum interrupter is 600,000 operations.

4.6 Short-circuit current test

According to IEC 60214-1: 2003, all contacts continuously carrying the current shall be able to withstand 2s (£10%)
short circuit test current without melting, deformation or mechanical damage. Meanwhile the starting peak current
value shall be 2.5 (£5%) times of the root means square value of rated short circuit test current. Refer the short circuit
test current values to Table 1. CM2 Series of OLTC Main Technical Specifications.

4.7 Conditions for OLTC's operations

4.7.1 Oil temperature for OLTC's operation ranges from -25°C to 105°C |

4.7.2 Ambisnt air temperature for OLTC's operation ranges from -25°C to 40°C ,

4.7.3 The vertical inclination level of OLTC belng installed into transformer towards ground should be less than 29%.
4.7 4 The installation site should be free of heavy dust, explosive or corrosive gas,

Note: Please contact us if special application required. '

4.8 Internal insulation level

Tha internal insulation of CM2 OLTC is divided into four levels from low to high: B, C, D and DE.The withstand
voltage is different between adjacent taps, max. and min. taps and betwaen phases for tap changers with different
insulation grade, Fig.6 shows the potential distribution of various parts after tap changer has bean connected to
voltage regulation winding. Table 2 shows CM2 OLTC power frequency withstand voltages and BIL values according
to different insulation distance.

4.9 Insulation level to ground

The insulation levei to ground refers to Insulation of OLTC live parts against grounding parts, the rated value of which
depends an dielectric tests according to IEC-60214-1(2003), please refer to Table 3.

The requirement of insulation to earth for OLTC is relevant to OLTC connection location at transformer tap winding,
regulation range and mode, tap winding connection model and structure, as well as the rated voltage of transformer
tap winding, anyhow. It Is determirned by insulation to ground of transformer voitage regulating winding.
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10100..18180 1009 1W ... 1817 1W 10191G ... 18 361G
10181W ... 1835 W 10193G ... 183536
10 193W ... 1835 3W

10400... 18180 1009 W ... 18 17 1W 10191G ... 18 351G
’ 1019 1W ... 18 35 1W 10193G ... i8353G
1019 3W ... 1835 3W

1. Linear regulation 2. With reversing switch 3. With coarse change-over selector

4, Diverter switch

Explanation of designation code:

a: acress regulation winding for the same phase

atl: between any selected and preselected taps of the tap selzctor

b: between any two taps of different phases

a0; between any adjacent taps of diverter switch

¢1; between the beginning of coarse tap winding and neutral of fing tap winding of the same phase
¢2; between beginnings of coarse tap winding of different phases

d: between begining and end of coarse tap winding of tha same phase
SF: spark gap

F%g. 6 The Rated Voltage Stress on Tap Winding

3
m
O
=
X
=
5
=
=
=
o
z
)
p =]
(=]
ry
2
[x)
=
2
4
[1]
]
E-.
-4
3
X
=
o
»
-
o
5
=

((

((




-}
m
2
o
=
8
[ =
(=]
=
[=]
F
g
o
=3
%
[x]
£
[5]
m
A
m
©
X
=
(%3
b
-
2
5
»

| G HM | [Hmo.1 sas701

Table 2 CM2 OLTC internal Insulation

{unit: kv}
Designation| Tap selector size B Tap selector size C Tap selector size D Tap selector size DE
code 1.2/50ps | 50Hz 1min | 1.2/50us | 50Hz 1min 1.2/50ps | 50Hz 1min | 1.2/50us | 50Mz 1min
a 265 50 350 82 460 105 550 120
b 265 50 350 82 460 146 550 160
a, 90 20 g0 20 0 20 90 20
ay 150 30 150 30 150 30 150 30
c 485 143 545 - 178 590 208 660 230
C; 495 150 650 182 500 225 660 250
o 265 50 350 82 460 105 550 120

a,: The inherent insulation level refers to Insulation level with spark gap protection when full wave
voltage impulse is 130kV, the spark gap will response 100%

Table 3 Insulation Level to Ground of OLTC (unit: k)
The highest voltage for equipment Rated separate source AC Rated lightning impulse withstand
Um withstand voltage(k\V/50Hz, 1min) voltage (1.2/50ps)
72.5 140 350
126 230 550
170 325 750
252 460 ) 1050

4.10 Installation models

Type CM2 OLTC is mounted onto the transformer cover by tap changer head, a mounting flange (see appendix)
must be provided by transformer producer for connection. CM2 OLTC s suitable for either standard tank or bell-type
mounting. For bell-lype {ank transformer, the OLTC support flange is supplied as a temporary support, OLTC will be
secured onto transformer mounting flange afler complete instaliation of transformer bell-tank.

5 Special designs

5.1 Potential connection of the tap winding

For high voltage or wide regulation range on-load regulating transformer, during the operation of the change-over
selector the tap winding Is disconnected momentarily from the main winding, the regulating section will ba broken
away from the main coil and at status of "suspand®, thus voltage regulating winding will gain the new potential that
depends upan coupling capacities Ce (te ground} and Cw (between adjacent tap winding), refer to Fig.8. Generally
this potential is different from the one of voltage regulating winding before change-over selector acting, the difference
of them Is designated as recovery voltage, This recovery voltage Is produced at the breaking point of the saparated
contacts during the operation of change-over seleclor. If these differential voltages exceed a certain limit value, it may
cause flashover on change-over selector and bring gas, it will be the serfous problem. Therefore measures regarding
potential connection of the winding must be taken,

CM2 CLTC could withstand a limit value of recovery voltage of 35 kV, when the potential is expected to overrun the
timit valuse, tap winding should be permanently connscted to a fixed potential resistance via a tie-In resistor, see Fig.7.
For mounting location and dimensions of CM2 OLTC tie-in resistors, please refer fo appendix 9.16 '
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For calculating the change-over selector stress and dimensioning the tie-in resistors, the following details of the
transformer spacifications required when ordering:

a) Complete transformer parameter: raled capacity, rated voltags, voltage regulating range, winding connection mode,
insulation leve! and so on.

b) Arrangement of the windings, i.e. the relative position of the tap winding to the adjacent coil or winding parts

¢) Operating A.C.vollage across windings or layers of windings adjacent to the tap windings

d) Capacitance of the tap winding to adjacent windings(Cw)

e) Capacitance of the tap winding to ground or grounded adjacent windings (if exist) (Ce)

f) Voltage stress across half the tap winding at lightning Impulse voltage test

g) A.C.voltage across half the tap winding under operation and test conditions.( Normally derived from order
specification sheet for tap changer)

HHAHH?

Rp

o

Fig.7 Potential Connection by Tie-In Resistor Rp
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/ —0
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Fig.8 Arrangement of Winding and Coupling Capacltance

5.2 Special CM2 OLTC combinations (3 X CM2l or CM2I+CM2l), driven
by one or separated motor drive units and used for delta connection of
windings or others except neutral point. '
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Regulating at Coil End of 3-Phase
Dslta Connection ’

TTTTTTT] STTTTTITL]

OLTC Combination

{CMI+CMIl} for the Specific
Pelta Connection

——

LELTLELE

Regulating at Middle of 3-Phase

Delta Connactlon

Fig.9 Connection Diagram for Muitiple CM OLTC Applications

6. Motor drive unit

CM2 OLTC may operated by SHM-IIl or CMA7 motor drive unit according to the requirement, please refer to Table 4

for technical data.

Table 4 Technical Data of Motor Drive Unit

Motor drive unit SHM-I CMA7
Rated power (W) 70 | oo 750 | 1100
Rated voltage (V) 380,3AC/N 380/3AC
Motor Rated current (A) 21 | 28 20 | 28
Rate frequency({Hz) 50 or 80 50 0r 60
Rotate speed {r.p.m.) 1400 1400
Rated torque on drive shaft (Nm) 45 | 66 18 | 26
Revolution of the drive shaft per switching operation 33 33
Revolution of the hand crank per switching opsration 33 33
Running time per switching operation (S) 5.6 About 5
Max. operation positions 35 107
Voltage for control circuit and heater circuit {V) 220/AC 220/AC
Heater power (W) 50 50
A.C. voltage test to ground (K\V/50Hz, 1min) 2 2
Approx. welght (kg} 73 90
Protective degree IP6G P56

Mechanical endurance (operations)

Not less than 2,000,000

Not less than 800,000

Note: Please specify if spacial voltage required for motor, and control & heater circuit,
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7. Controllers for On-Load tap changer

7.1 HMKS controller

HMKS controller is the device for remote control of SHM-IIl motor drive unit; it realizes OLTC switching operation
through SHM-1Il. HMKS can display the OLTC switching operation status and tap positions,

HMKS has BCD code position signal output (contact capacity: AC250V/5A or DC30V/5A) and remote control signal
input (non potential contact), it can also communicate with host computer via RS485 interface to realize remole
supervising of OLTC position.

HMK8 main technical data is-as below, refer to HMK8 manual for more details.
Working voltage: 380V, 3AC/N

Power frequency: 50Hz/60Hz

Maximum operation positions: 35

Environment temperature: -10°C fo 40°C Indoor

7.2 HMC-3C position indicator

HMC-3C OLTC position indicator Is a support fitting for CMA7 and CMAS motor drive unit, it can be used to indicate
the OLTC step, and has the function of "1-N", "STOP", "N-1" contro! as well as remote contiol indicator lamp, its input
is decimal code and output is BCD code. Please refer to HMC-3C manual for details.

HMC-3C technical data is as below, refer to manual for more details.
Working voltage: 220V AC

Power frequency: 50/60Hz

Maximum operation positions; 107

Environment temperature: -10°C to 40°C Indoor

7.3 Automatic voltage regulator ET-SZ6 and HMK-2A

Automatic voltage regulator ET-526 and HMK-2A is adopted for OLTC automatic voltage regulation, ET-SZ6 can be
used for parallel operation in model of master and stave, please refer to relevant manual for details.

If you have any special technical requirements of above controller, please specify when ordering.

8. OLTC accessories

8.1 Bevel gear unit
Bevel gear unit is used for connection horlzontal shaft and vertical shait between OLTC body and motor drive unit,
thus driving torque of motor drive unit can be transmitted to on-load tap changer, the overall dimeansions of bevel gear
unit is shown on appendix 9.25

8.2 Protective relay

Protective relay is the one of protective devices for cil-immersed on-load tap changer, when OLTC interior failure
produces gas and oil surge, the protective relay contact acts, and switches on to the tripping circuit of the transformer
circuit breaker, the transformer will be cut off at once.

Protective relay is mounted onto the connaction pipe between OLTC head and conservator; make sure that protective
relay marked with arrowhead side shall be connected to conservator. Huaming provides two types of profective relay
which are QJ4-25 and QJ4-25 A, both of them have gas signal contact and trip contact, especially QJ4-25A can ba
equipped gas release device to man position. Please refer to Appendix.
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8.3 Pressure relief devices

Pressure relief valve and pressure release cover is the security protective device for oil-immersed OLTC, when any
failure happens inside the CLTC, oil in oil chamber is gasified to produce plenty of gas, thus oil pressure of oil chamber
is increased rapidly, OLTC oif compartment will be deform or even explode if the pressure inside 1s not released in
time, therefore, pressure refief device is necessary be installed to avoid failures extending.

Pressure relief valve is an auto-sealed valve, when over pressure, the cover is open and pressure will be released,
and then it will close again. It can he used repeatediy, and the liquid loss could be controlled to be minimum volume
when it is acting.

Pressure release cover is the weak portion on the OLTC head cover, once oil chamber pressure exceeds adjusted
value, the pressure release cover will be broken, thus over-pressure is released, and OLTG oil compartment is
protected.

Pressure relief valve is a device for low energy failure, and pressure release cover is the device for high energy failure,

whereas most of fallure of OLTC body is of high energy failure, so our standard offer is OLTC equipped with pressure
release cover, and pressure relief vaive s only provided when customer specifies.

9. Appendixes
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9.1. CM2 [11 500Y/600Y without change-over selector, overall dimensions

Protectiva relay

QLTG head
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=
w3
- uy
of : g
S .
2 [ ? N ]
g @620 \ Grading rings
478 / only eguipped for 170kV,252kY
[
i O <]
RS
) S Diverter switch
5 -
e -~ Tap selector
o 7 =1
e} At
5 The
< i T _I -
g U= 1.7 :'51
o ‘ 4 {iF (2)...(18)
14 L1, 1
IRRE et i
o g dd 1l —}
uLr RV
L b4 A ||
g (E_ﬁ [ 12
B y U
il e — .1
& 16.5
Bottom of tap selector has I~
0] the same potential as (&)
= .
{® Currant lake-off terminal ~1 g
211
Modst CM2H1500Y/800Y-72,5-252/BICM 21 1500 Y/600Y-72 5-262(CCHR B0 YIRG0Y-72.5-252/D{DE}
Unin kY 725 | 126 | 170 [ 252 [ 725 [ 126 | 170 | 252 7251 126 | 170 | 252
h 897 | 2027 | 2157 | 2257 | 2072 [ 2202 | 2332 | 2432 | 2527 | 2657 | 2787 [ 2867
000 | 1130 [ 1260 | 1360 | 1000 | 1130 | 1260 11350 | 10001 1130 | 1280 [ 1360
Dimenslons X 807 1072 1527
{enim) n 233 258 323
0 180 240 370
t 85 120 i85
m 197 247 377
Ol filllng {dm) 130 ] 150 ] 170 [ 190 | 430 ] 150 | 170 [ 190 | 130 [ 450 [ 170 | 180
Dlsplacernent {6m?) 194 [ 299 | 239 | 259 | 195 1220 | 240 | 260 | 198 | 293 | 243 | 263
Walght (kg) 260 265 276

Unit: mm
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9.2. CM2 Il 500Y / 80DY with reversing switch, overall dimensions

1585
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811/

Shmys

Model CH2IIE00Y/600Y-72.5-2528 | CM2(L500Y/600Y-72.5-262/C [CM2ES00V/B00Y-72.5-252/0{DF
Unin kv 7258 [ 126 | 170 | 252 | 725 [ 126 | 170 | 252 | 725 | 126 | 170 | 252
h 1897 | 2027 | 2157 | 2257 | 2072 | 2202 | 2332 | 2432 | 2507 | 2657 | 2707 | 2887
| 1000 | 1130 [ 1260 [ 1360 | 1600 | 1130 | 1260 | 1380_| 1000 § 1130 | 1260 | 1360
K 897 1072 1527
n 233 258 323
Dimsnslons ) 180 240 370
(mm) t 95 120 185
m 197 247 377
r 180 240 370
q 255 305 435
p 783 g 1413
Ol fiing {dm?) 130 | 150 | 170 | 150 | 130 ] 150 | 170 [ 190 | 130 [ 150 | 170 [ 180
Displacament (g 190 | 224 | 244 | 264 | 200 | 295 | 245 | 285 | 207 | 232 | 252 | 272
Welght (kg} 215 285 : 310

Unit: mm




| @.Hm I HMO.154.5701

9.3. CM2 i1 500Y / 600Y with coarse change-over selector, overall dimensions

Protective relay OLTC head © AA
28 e R113
gl - Ve R
04— Iy
. 182 Y7 @
g f § i
5 |- | s W F)
| IR / &
N
38 2620 Gradlng rings L =T \/
® @478 / only equipped for 170kV,252kV
C )
- ol _
Ry A{_ - _{A BB R479
s B S ® Diverter switch
o
[
r= ¥ Tap selector
©
‘f‘_')_ -
RE =
m I
1.17 e
TSP |
of {8 i i - 3
- TR a2 B A e Nl 35
of "l gl |l -] |
W{%E i} — M
| o ¥
B @
UL _.. P
Ry = ] 2l
Bottom of tap selector has 16.5

the same potential as (&)

@ Cuirent takg-off terminal

3
m
[x]
=
353
=
8
&
=
=2
o)
z
o
x
L=
=
o
)
&
k=]
=
&
m
=
]
3
xX
=
o
X
L
=
5
=

Model CM2NI500Y/B00Y-72.5-252/8 | CM2 [11500Y/600Y-7 2.5-252/C [CM2IH500Y600Y-12,6-26/0DE
UpD kY 725 | 126 | 176 [252 | 726 | 126 | 170 | 262 | 725 | 126 | 170 | 2%2
h 1897 | 2027 | 2157 | 2357 { 2072 | 2202 | 2332 | 2432 | 2527 | 2657 | 2787 | 2887
I 1000 | 1130 | 1260 | 1360 | 1000 | 1130 | 1260 | 1360 [ 1000 | 1130 | 1260 | 1360
K 897 1072 1527
n 233 258 23
Dimenslons o 180 240 70
(mm) t 85 120 85
m 197 247 ar
‘ 190 240 a70
q 2765 301.5 366.5
_ p 892 1087 1522
Ol filling (gnw) 130 T 150 | 170 [ 160 | 130 [ 150 | 170 | 180 | %30 | 150 | 170 | 190
Displacement (dm') 199 {224 | 244 | 264 | 199 | 224 | 244 | 264 | 207 | 232 | 252 | 272
Weight{ka) 275 280 305

Unit: mm
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9.4. CM2 Il 500 / 600 without change-over selector, overall dimensions

Proiective relay

1225

OLTC head

2 8
‘,O_. -
| g
= 5]
5 1§ N
§ 2620 Grading rings ’
G478 / only equipped for 170kV,252kV
(u
B
1 g tf'«r ° —‘A
@ {0 @ Diverigr swilch
g
! Tap seleclor
8
o
o TV
} { o 1.17
x| ° %{ i 4 @)K
A== 5
e Sus o
K | — L
5 ==y
Bottorn of tap selector has
(OF, the same poltentlal as &

SR

@ Current take-off torminal g1/
Model CHZI500/600-72.5-252/8 | CR2H G00/G00-72.5-250/C oM2iIg00/600-72.5-252/D(DE
Unln KV 7251126 | 170 | 262 | 7256 126 | 170 ] 252 | 72.6 | 126 | 170 | 252
b 1707 | 1837 | 1967 | 2067 | 1832 | 1962 | 2002 | 2192 | 2167 | 2287 | 2417 | 2547
i 1000 [ 1120 | 1260 | 1360 | 1000 | 1139 | 1260 | 1360 | 1000 [ 1130 [ 1260 | 1360
K 707 a2 1157
Dimensions Py 233 753 323
(mm} o 190 240 370
1 a8 i20 185
m 197 247 3r7
Ol filling {gm?) 130 | 150 | 170 | 190 ] 130 | 150 | 170 | 160 | 430 [ 50 ] 170 | 180
Displacement (dnv) 194 | 219 1 230 | 269 195 | 220 | 240 | 260 | 98 | 223 | 2431 263
Walght {kg) 260 265 375

Unit: mm
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9.5. CM2 I 500 / 600 with reversing switch,overall dimensions

Protectiva refay OLTC head o
w2
\ L .
~ Ly
ot } o
o
N
Lt
! —)
§ 2620 —.\ Grading rlngs
@48 only equipped for 170kV,262kV
4
—— o TE LT
5 ola
NLINY T
8 O—F Diverter switch
@ o
o —
= ; -
] - L Tap selector
8
o :
R e ==
= 1...17l T I
'E“ = { v B
+~1{2)..{K
«f o 12T g1 |
r 8- Gh=r -
£ G 1=
B L
- ;‘1 Pl A
Bottom of tap selactor has

e

@ Current take-off terminal

the same potential as @&

(D Potential connection (only for OLTG with revarsing switch

and 3 middle posltions such as 10193W...18353wW) g41
Model CM2 11 500/800-725-252/8 | CM2 11 500/500-72 5-052/C  ICHGIIGL 72.5-252/0{DE
Umin kV 725 | 126 | 170 [ 252 | 725 [ 126 [ 170 [ 262 | 725 | 126 | 170 | 252
h 1707 | 1837 | 1887 | 2067 | 1832 [ 1952 | 2092 | 2192 | 2167 | 2287 | 2417 | 2517
i 1060 { 1130 [ 1260 [ 1380 { 1000 | 1130 | 1260 [ 1280 | 1000 [ 1130 | 1260 | 1360
k 707 832 1167
n .‘1233 258 323
" o ) 240 370
Dimenslons i a5 120 185
{mm) m 197 247 377
r 180 240 370
q 255 305 435
p 783 954 1413
Ol filling {dfn} 130 | 160 | 170 | 1907 139 | 160 | 170 | 190 | 130 | 150 [ 170 [ 120
Displacement [dm? 198 [ 224 | 244 | 264 | 200 | 295 | 245 | 265 | 207 | 232 | 252 | 212
Waight (kg 275 285 310

Unit: mm
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9.6. CM2 Il 500 / 600 with coarse change-over selector, overall dimensions

Bottom of tap selector has
the same potential as (&)

AA
Protective relay OLTC head .
ol g R113
f=] -
iy
]
8
§ \ Grading rings
2478 /only equipped for 170kV,252kV
- . R
fd
e L A
) b P s Diverter switch
@A —
[=a]
= $
Tap selactor
2 .
: D/r
5 |
= ‘—1 1 [] — | 4
AT 1
o (R :
o o TN ap|l || <|=| 1
Q- eEl)-—
e - /:r: :h Walal
B — MY kid
1 U i =)
5 —’j = —t

(® Current take-off terminal

Model CM211500/600-72.5-252/B | CM2 H500/600-72.5-250/C |CM2[1500/600-72.5-262/D(DE)
Ui kY 726 [ 126 | 170 | 252 | 726 [ 126 | 170 | 252 | 725 | 126 | 170 | 253
h 1707 | 1837 | 1067 | 2067 | 1832 | 1862 | 2092 | 2102 | 2167 | 2287 | 2417 | 2517
I 1866 | 1130 | 1260 [ 1360 | 1000_| 1130 | 1260 | 1360 | 1000 | 1130 | 1260 [ 1360
K 107 832 1157
n 233 258 323
Dimensions 0 190 240 370
{rm) t 95 120 165
m 197 247 377
r 190 240 370
q 276.5 301.5 366.5
p 892 1067 1622
OB filfing {dm*) 130 | 80 | 476 ] 150 | 130 [ 150 | 170 | 190 | 130 | 160 [ 170 | 1en
Displacemant {drmv) 100 [ 224 | 244 | 264 | 160 | 294 [ 244 | 284 | 207 [ 232 | 252 | 272
lWexlgﬁt(kg) 275 260 305

Unit: mm
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9.7. CM2 | 500/ 600 without change-over selector, overall dimensions

Protective relay OLTC head
0 o
| n
8 ~
© B-B
8 Grading rings
478 / only equipped for 170KV, 252K
T o
<y
o™
Divertar switch
=
o
%
Tap selsctor
&
2
= B q
7 3
<| .. o
=
E p
B
B 2
=
10 Bottom of tap sele¢tor has Q
the same polentlal as (B) £
e
[~
=
=
(2]
e
=
=
a
@ Current take-off tazminal A
8
- L
Modsl CM2 1500/600-72.6-262/8 CM2 1 500/800-72 5-252/C  ICM2 1 500/600-72 5-252/D(DE) =
Upyin kV 725 | 126 | 170 1 252 | 7265 | 126 | 170 | 252 | 725 [ 126 | 170 | 252 (4
h 1617 | 1847 | 1777 ) 1877 | 1592 | 1722 | 1852 | 1852 | 1787 | 1917 | 2047 | 2147 g
I 1000 | 1130 | 1260 } 1360 | 10600 | 1130 | 1260 | 1360 | 1000 | 1130 | 1250 { 1380 ]
Dimanslons k 517 592 787 =
{mm) n 233 258 323
t 95 120 185
m 102 127 192
Ol flling {don} 180 | 180 1 170 T 190 [ 430 | 150 | 470 | 490 | 430 | 150 | {70 [ 180
Displacement {dm) 189 | 214 | 234 [ 254 | 189 | 214 | 234 [ 254 | 180 [ 215 | 235 | 286
Welght (kg) 240 240 245

Unit: mm
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9.8. CM2 I 500 / 600 with reversing switch, overall dimensions

Protective relay OLTC head

101.5
156.5
23585

( B ge20 Grading rings
© o478 / only equipped for 170KV, 252kV
i [
— E a1 L1
L IEAN N
) 190 _ﬁgz Diverter switch
= &
[1e]
S
Tap selector

Q 7

~— Ny

f .~
= A (Lél | o B

2.k
1 gL g1 |
{1 (17)/% % =
U
E B.Il—»r T 1 \-
B [ o
Bottom of tap selector has
0] the sama potential as &)

20

@& Curent take-off terminal

(L) Potential connectlon {only for OLTC with reversing switch @11
and 3 middle positions such as 10193W... {8353W)

3
m
o
=
5]
=
8
=
=
=
o
z
=
o
=1
(=]
B
a
o
=
=
ol
m
=
=
m
[3)
=
=
o
=
[
o
5
x>

Wodal CIA2 | 500/600-72.52508 | CM21500/600-72.5-252C_ [CM2 | 500/00-72.8-262/0{DE)
Unin kV 795 | 126 | 170 [ 262 | 725 | 126 | 170 [ 262 ] 725 | 126 | 170 [ 252
h 517 | 1647 | 1777 | 1677 | 1592 | 1722 | 1652 | 1852 | 1787 | 1917 | 2047 [ 2147
i 000 | 1930 | 1260 [ 3360 | 1000 | 1120 | 1260 | 1360 | 1000 [ 1130 | 260 | 1360
k 517 892 787
Dimansions n 233 258 323
(mm) m 102 127 192
1 85 12 185
q 160 B3 250
P 403 478 873
Of filing {dm?) 130 [ 150 | 470 | 190 | 130 | 150 | 170 | 190 | 130 § 150 | 170 [ 190
Displacemant [dm?] 191 1 215 | 244 | 264 | 162 | 217 | 247 | 257 | 193 | 218 [ 238 | 258
Walght (ka) 250 255 260

Unit: mm
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9.9. CM2 | 500 / 600 with coarse change-over selector, overall dimensions

/./‘ Ry R113
182 B
| -1

Protective relay QLTC head

1015
156.5
2885
(7]
)
‘\\ . -t
a

g___ -
- Nl
e @620 Grading rings ( (
G] H478 only equipped for 170KV, 252kV
- (_“
2l o
NP3 A-i o —A
N hng
B- 3| - { Diverter switch
= | @
~
<
-~ Tap selector
oy
i)
=
[~ 1 .. ;
1.7
« S A -
[ 2)..(K) {& s fif o]
el By g
B Y=~ =
k3
Bottom of tap selector has 2
0] the same potentia! as (& =
(=]
=
o
>
[ =]
=
b )
Q
= =4
=
=
@ Curment take-off terminal a
-
-
Model CM21600/600-72.5-252/8 | CM2 1 500/600-72.52521C [CM21 500/500-72.5-262/D{DE) 7]
Unin KV 725 | 126 [ 170 ] 2562 | 7256 | 126 | 170 | 2562 | 7256 | 426 | 170 | 250 =
h 1617 | 1647 | 1777 [ 1877 | 1502 | 1722 | 1852 | 1952 | 1787 | 1047 | 2047 | 2147 ]
i 1000 | 1136 | 1260 | 1360 | 1000 | 1130 | 1260 | 1360 J 1000 [ 1430 | 1260 | 1360 =
] . K 517 592 787 e
Dimensions n 233 2568 323 #
(mmy) m 102 127 192
t 95 120 i85
q 276.5 3015 9685
. p 512 587 782
Gil filing {d) 120 1 160 | 170 T 490 | 130 | 450 [ 470 | 180 | 130 I 150.] 170 | 180
Displacement (dn) 193 1218 | 239 | 258 [ 193 | 218 | 238 | 258 | 195 | 290 | 240 | 260
Welght (kg} 260 280 265

Unit: mm
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9.10. CM2 1 800 without change-over selector, overall dimensions

Protective relay OLTC head
@
2 wy
- &
3' [ 8
& [ 1 Y
N
% 2620 \ Grading rings
@478 only equipped for 170KV,252kV
@538 BB
. ¢ !o
) A A
N8 ]
= M- ) 63— Diverter switch
® &
= 2
el
1 1| - Tap selector
s| @D
c E A _t—: % |
LTI —_1 _
3
b=l 1..17 15
~ = i Kital
o y | upr B
1 1 A T 1o
) —; aw ~
B \]LLW ik (2)..(8)
£ i all U o d
b [ TR
Bottom of tap seleclor has 12
o the same potential as &
16.5
R
(® Cuerent take-off terminal i1
Model CM21800-72.5-262/8 CM2 1 800-72.5-262/C CK21800-72,5-252D{DE}
U n kY 725 | 498 | 170 | 262 | 725 | 126 | 170 | 252 |v25 [ 126 | 170 | 262
h 1702 [ 1832 [ 1962 | 2082 | 1777 | 1007 | 2037 12437 {1972 | 2102 | 2232 | 2332
| 1000 | 1130 [ 1260 | 1360 | 1009 | 1130 ! 1260 {1360 {1000 [ 1130 j 1280 | 1360
k 702 Fidi 972
Dimenslons " 233 753 723
{mm) a g5 120 185
m 102 127 92
u 1056 105 105
2 80 80 B0
O filling (dmy) 730 [ 450 | 170 | 190 | 30 [ 150 | 170 | 190 | 130 [ 150 | 170 | 190
Displacement (0] 191 {7218 | 238 | 266 | 191 | 216 | 236 | 256 | 193 [ 218 | 238 | 258
Welght (ko) 250 250 260

Unlt: mm
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9.11. CM2 1 800 with reversing switch, overall dimensions

Protectiva relay OLTC head
uwy
wl w
g * 8
& &
§ 2620 Grading rings
2478 only equipped for 170KV, 252kV
@538
- [¢
'S @ A= A
= S r -] Diverter switch
f ® _—
“ §
-~ Tap salector
8
o
= - fl —in Fr o
2.k
="
= 4 L g =
= o \ a
o Ahdl 18
o RIS, Y
g Br hl ’J_g[
5] ] o |
Boltorn of tap selactor has
o the same potential as (8 6.5

2T T
® Current take-off terminal =
(O Potentlal sonnection {onfy for OLTC with reversing switch &11

and 3 middte positions such as 10193W...183563W)

3
m
o
=
]
=
8
<
1=
=
(=]
=
E
8
=
2
o
o
X
F
=
=
-
o
o
x
=
£
-
=]
]
x

Modsl CN21800-72.5-252, CMZ1800-72.5-252IC CM21800-72 5-252D{DE)
Unin KV 726 [ 126 | 170 | 252 | 725 | 126 | 170 | 262 | 725 | 26 | i70 | 252
h 1702 | 1832 | 1962 [ 2062 | 1777 | 1907 | 2037 | 2137 | 1972 | 2102 | 2237 | 2333
i 1000 | 1130 1 1260 [ 1360 | 1000 | 1130 | 1260 | 1360 | 1000 | 1130 | 1260 | 1360
K 702 Fizi 972
n 233 258 323
) 0 95 120 185
Oimenslons m 102 157 9
(mm} i 105 105 105
12 80 80 80
r 105 05 108
q 160 85 250
D 588 663 858
Ol filling {dm?) 130 | 160 | 170 [ 190 | 136 | 150 | 170 | 190 | 130 ] 150 | 470 | 180
Displacement ([dm?) 195 | 220 | 240 [ 260 | 196 | 221 | 241 | 261 | 99 | 224 [ 244 | 284
Welght kg) 255 270 275

Unit: mm
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9.12. CM2 1 800 with coarse change-over selector, overall dimensions

Protactive relay OLTC head

101.5
156.5
2585

122.5

2620 Grading rings

(( @478 / only equipped for 170kV,252kV BB

2156

@538

- [ [}
ﬁ A S { A
(']
el 11Tl 1 .
- O Diverer switch
= .
® ®
¥ -~ ‘Fap selector
T = =
8 Al ]
- |
m >
c T (F3 i 1 31
1..174 1Y | 35
- K’ U
2| x| ] 4 === }LHEL
o .l dh LN
€ B A4 | ®
N 4_/ I —]] o ] 12
2s]

Botlom of tap selector has 165
o the same potenttal as @ Tﬁ
7

YLYQ TYOINHIAL YAONYHD d¥L AV0T-NO WNNDVA 2D 3dAL

[
[y
(A Current take-off terminal
a11
Model CM21800-72.5-252/8 CM21800-72.5-252/C CM2 1800-72.5-252/D{DE)
U In kY 725 | 196 | 170 | 962 | 725 | 126 | 170 | 252 | 72.5 | 128 | 170 | 252
h 1702 | 1832 | 1962 | 2062 | 1747 | 1907 | 2037 | 2137 | 1072 | 2102 | 2237 | 2332
i 1000 | 1130 | 1260 | 1360 | 1000 | 1130 | 1260 | 1350 | 1000 | 1130 | 1280 | 1360
K 702 717 972
n 733 258 323
Dimensicns 0 95 120 185
{mm) m 102 127 192
i1 105 108 105
2 20 a0 30
1 105 105 105
q 2765 3015 366.5
Y 697 772 067
Oil filling (G} 130 [ 150 | 170 [ 180 | 130 | 150 | 470 | 180 | 130 | 50 | 170 | 80
Displacemant {dnv} 196 | 221 | 241 [ 261 | 196 [ 221 [ 241 [ 261 | 190 [ 204 | 244 | 264
Weight(kg) ] 270 270 280

Unit: mm
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9.13. CM2 1 1200 / 1500 without change-over selector, overall dimensions

Protective relay OLTEC haad 1
wy
o 2
5 8 g
o
: 1
8
Grading rings
only equipped for 170kV,252kV
B-B
)
— ?E [
o g —}A
wd }f{ - Divertar switch
. \®
= |-
= 1 Tap selector
@ =
‘(‘3 \
5 ‘
e LIt 1
- & 4y 1..17 35
. =4l
«f A
1, 1. "]B 3
bt A L %ﬁr- 2)...{18 P
O g
Uy i 12 2
&l Br \C‘ Ly ' B
& / =y TY =
Bottom of tap selector has v §
10} the same potentlal as & £
o
8 B
=
m/ o
x
@ Current take-off terminal %
3
—
8
Modsl CM21 1200/1500-72.5-252/8 | CM2 112001500-72.5-262/C  [CM211200/1500-72.5-252(D{DE E
UnIn KV 725 [ 126 [ 170 | 252 [ 725 [ 128 | 170 | 252 | 725 | 128 | 170 | 252 o
h 1887 | 2017 | 2147 | 2247 | 1962 | 2092 | 2222 | 2322 | 2457 | 2287 | 2417 | 2517 -
l 1000 | 1930 | 1260 | 1360 | 1000 [ 1130 | 1280 [ 1360 [ 1000 | 1130 | 1260 | 1360 B2
) k 887 962 1157 =
Dimensions n 233 958 323
{mm) ) 95 120 185
4l 105 05 105
12 80 80 80
e m 102 127 192
Oit filling (dinv) 130 | 150 [ t70 [ 190 [ 130 | 150 [ 170 f 480 | 30 [ 150 | 170 { 180
Displacement (dmj 194 1219 [ 230 [ 259 | 194 [ 219 [ 239 | 259 | 195 | 221 | 241 | 264
Welght (kg} 260 260 270

Unit: mm
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9.14. CM2 t 1200 / 1500 with reversing switch, overall dimensions

Protective relay OLTC head

- R113
o 9
g & ®
@ 3 8
§ R TP § 7T
& ][*J_E__&\ AN &
4 . )
% 2620 Grading rings >2
@478 only equipped for 170kV,2528¢ (A W
e 2538
(( C ]
- i 1| [
™| ow A
< A
2 81 AL -~ W@ Diverter switch
2 -
g /
= Tap s¢lector
9 )/
a
= v “:I - T
2.k i
S e — L
o etdE |, "
~ N =o—] g"’ a _‘
ol wwpordlh 11l
o2 Ap-—g==p--dli—=yp
- ] Q! JUL { = )
= o (i § = K3
§ g B :9 o ||\
a & . - 12 R
] A2 .
= Boltom of tap seleclor has
,( 2 O] the same potential as (A
. =
r=
3
B ® Current take-off terminal &
2 (D Potential connection {only for OLTC with reversing swilch 11
% and 3 middle positions such as 10193W...18353W)
m
,=_°| Model CM2 1 1200/1500-72.5-2528 | Chi2 11200i1500-72 5252/C  |Cha211200/1600-72.6-262MD{DE)
m Umln kV 26 [ 126 1170 1252 | 725 [ 126 [ 170 | 252 [ 725 | 126 [ 170 | 252
% h 1887 [ 2047 2147 {2247 | 1862 [ 2002 [ 222 [ 2322 [ 2457 | 2287 | 2417 | 2617
o | 1000 [ 1130 {1260 {1360 | 1000 [ 1130 [ 1260 [ 1360 [ 1000 | 1130 | 260 | 1368
= k 887 962 1157
g n 2 258 3%
o Dimanglons 9 85 120 185
{ren) 1 105 105 105
2 20 a0 [
m 162 127 152
r 105 105 105
q 160 185 25
p m 848 1043
Ot fillng (dm?) %30 | 450 | 170 J 190 | 130 F 160 | 170 ] 190 | 330 | 150 | #70 | 190
Displacerment [dm? 100 | 224 | 244 | 284 | 200 | 225 | 245 | 265 | 267 | 297 | 247 | %7
Weight(ka) 280 %0 200
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9.15. CM2 1 1200 / 1500 with coarse change-over selector, overall dimensions

Protective retay QLTC head
o
R
8
2]
) [ § A
§ 2620 Grading rings
2478 only equipped for 170KV.262kV
@538
‘ E |[ I
- [=e]
I
N o A
| 2t A
hadl ML) rn & 3 —i® Diverter switch
PaLliol Sl
4 —
%
= 1 (] Tap selector
8 7 ]
5 L]
= O _/rl‘ v '
1...47, UL,
<] - — 8
:: 4] =pAfHCEL)— 5 35
“ RGN
o| @i 1T b ”‘gl
oy P Y ;!
o |y 3
1 5 {1} ] A g
E B[—»Lrhl 1 2 ::_.’
s 7 ﬁu—_ 5
Boltom of tap seleclor has 16.5 g
0] the same potential as (&) o
Y =
5
b=
8 =
B
i}
(@ Curment take-off ferminal g1 g
=
o
Maodel CM211200/1500-72.5-252/8 | CM2 14200/1500-72 5-252/C [CM211200/1500-72.5-252/) (DE] 5
U In kY 725 | 126 [ 170 [ 262 | 725 1128 | 170 [ 252 | 725 [ 128 [ 170 | 252 =
h 1887 | 2047 [ 2447 [ 2247 | 1962 | 2092 | 2232 | 2322 | 2157 | 2287 [ 2447 | 2517 8
1 000 | 1430 | 1260 [ 1350 [ 1000 | 1130 [ 1260 | 1360 [ 1000 [ £130 [ 1280 [ 1360 e
k 887 862 1157 g
n 233 358 323 (=
DImenslons o 95 120 185 g
{rim) t 105 . 105 105 =
2 80 B0 BO
m 102 127 192
r 105 105 105
q 278.5 3015 366.5
- p 882 957 1152
Of filling {dm) 130 | {50 [ 170 [ 190 | 130 | 150 | 170 | 180 | 130 | 150 | 170 [ 180
Dlsplacement [da7) 200 | 225 | 245 | 265 | 200 | 225 | 245 | 265 | 204 | 229 | 249 | 289
Welght (ka) 285 285 295

Unit: mm
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9.16. CNi2 OLTC mounted with tie-in resistor, overall dimensions

A-A

NN N ST N N

” ﬁﬁ@ﬂi@ﬁfﬁﬁf

—~
=

3
m
[x3
=
N B
[
.
[~
[—
=
(=]
=
B
-
L~
]
5
[+]
=
r
=
ay
m
A
jr]
m
[x]
X
=
Y
i
| =]
=
>

U < 126RV

Um 2=170kV

h—t_ha OLTC helght excluding tle-in resistor .
Speclal deslgn may depend on the requlrement

Unlt: mm
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9.17. CM2 OLTC General layout Drawing (With insulated bhottom)

Protectiva relay

h+53

A L A A L
——

s (o)

1.The dimension 140 is that with lnsulation botiom, .
2With Insuletion boftom, the total helght of OLTC will increase by 53mm.
$.Models with Insulation bottem only for 0 pitch,

Unit: mm
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9.18. CM2 tap selector contacts arrangement

101936

78) ﬁ'ﬁ. 74
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9.19. CM2 OLTC head flange for standard tank type, overall dimensions

140
o —‘:R._‘, ﬁ= : =%: ‘ I: Magnifiad figure
i) - uy
T gi B ;—-M ﬁ % £28
m; a L B =
{ rad H
& ) i ! !
@110 !
I 3760 | 2axm15
G740

780

R
Connection pipe flange

@85

8§, Q (With groave)
Connection pipe flange

Standard
Arrangement

E1: Bleeding for on-load tap charger

E2: Bleeding for transformer oll tank

R: Cennection flangs for protestive relay
S: Connectlon flange for oit suction plipe
Q: Connectlon flange for oil return plpe

Unlt: mm
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9.20. CM2 OLTC head flange with pressure relief valve, overall dimensions

140

2
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“i‘

E1; Bleeding for ondoad tap changer
£2:! Bleeding for transformer ol tank

R: Connection flange for protective relay
8: Connection flange for oil suction pips
Q: Connection flange for ofl retuin pipa

- 1: Magnified figure
8| — o 9 =
2 7] )
L N i p—— 22
T T : Nk !
NT i 7~ i
N i ’ : %
( o710 % l
1 2760 - 24 x @316
2740
_ 2760
Pressure relief valve
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2155 2 g
[& 75e . R'
R170 & H ‘ Connectlon pipe flange
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o D / .‘,
. = . . o8/
( | g . | o2 % . 8.Q (With graove)
o = @\ ; = Connetlion pips flange
5 ®\-@_ -—‘@_ Standard
= 55
= : Arrangement
o
2 375 | 1685 IHII
=
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-
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P85

Unit: mm




| @Hm ‘ | I Hrﬂ0:154.5701—|

9.21. CM2 OLTC head flange with pressure relief valve,
overall dimensions{with raised seat)

140
0 ﬁﬁ_' « I: Magnifiad figure
(=] * .
) ‘é’ | ] ¢‘ i wl 8 @26
i i e
\._/)' : (_} Ny |
d = : / |
@710 |
B - T
: 2760 - 24 =315
2740
2760
R
Conneclion plpe flange

4x¢i14 @26

§.Q (With groove)
Connection pipe flange

E1: Bleed!Ing for on-load tap changer
E2; Bleeding for transformer oil tank

R: Connection flanga for protaciive relay
§: Connection flangs for oil suction pipe
Q: Connecfion flanga for ofl return pipe

Unit: mm
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9,22, Transformer connection flange for CM2 OLTC, overall dimensions

24 x M2 Transformer connection flange
0 S w9 l /
! y
¥
(’ K . Transformer tank cover
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9.23. CM2 OLTC head flange installation for bell-type, overall dimensions

Litting device
Eﬁgf&ﬂer Oii suction pipe
- sealing gasket
n
o
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2

R

194 : ‘ B
. 2 Lifting plale

@750

12x @18
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9,24, Upper gear unit, arrangement and swiveling range

Left Right
SR
g |
phgd =
lg]
fad J
Sl X
Drive shalt left output, sviveling range
SR
- 145° ¢ ® i
ﬁ ,
5° SL
' ljt . Q
o
i ©
L E SL ";SR
z ~
1652 g
Drive shaft left output, vith pressure rellef valve, Drive shaft right output, with pressurs relief valve,
swiveling range swiveling range
. SR SR
c3 o c4
9 @
@5\ —==1 prassure rellef valve
‘35"_'}@9 N SR )< sL
U

i@ pressure relief VEJve_l

N
{:,}@"m

N
SL
Drive shaft left output, with elevated holder for Drive shaft right cutput, with efevated holder for
pressure rellof valve, swiveling range ' pressure relisf valve, swiveling range

80
& q
1] - 5e ‘I':Lf.
fif i
l‘!—}"f f‘ @ ‘;"'-'!" =Y Ly
é} f% ] B ¥ ¢

5R: Inspection window an the right W
5L: Inspection windows on tha left
(J): Tap selector driving side

SsL

Unit: mm
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9.25-1. CM2 OLTC arrangement drawing-1

Clc

C2b

C2a
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c2f

C2e
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Cif
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Cic

C3b

C3a

Cée
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Ga

C

Céc
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H3>
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H2>
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Dimensiens
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Min. mechanical size

Unit: mm
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9.25-2, CM2 OLTGC arrangement drawing-2
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Giod

C10¢

Cof

C9e
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H3=>

840

H2>

616

Ht>

535

Dimensions

Itern

Min, mechanical size

Unit: mm
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9.26. CM2 OLTC, general layout drawing

Al Tap selegtor

B: Diverter switch oil compartment
C: Pipe connections (R,S,Q,E2)
D: Tap changer head cover

E: Upper gear unit

F: Horizontal drive shakt

"F,——r ==
=

_\lJ 3 T

G: Bevel gear unit

H: Vertical driva shaft .

I Intormediate bearing (applied when shaft >2000mm only)
J: Motor drive unit

V: Driving sida of tap selector

Unit: mm
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9.27. Bevel gear unit, overall & installation dimensions
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9.28. C\i2 1 800/ 1200/ 1500 OLTC,
parallel connection plate of tap selector terminals, overall dimensions

A
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30

i

Cennection plate
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CM21 800 contacts connection drawing

RIS || S o

CM2 1 1200/1500 contacts connaction drawing

unit: mm

3
m
o
(=3
b
=
3
c
=
=
[=]
=
-
2
[~
&
o
[2]
X
=
—
(4]
m
A
—
m
[x]
=X
= -
£
-
[ =
5
»



IHM0.154,5701 |

[@Hm

i g

{eufis dig jo sred | pue [eubis sebjoued | | 00Z|BOZ|€S)L |SL2| ¥ |SLL[ 59| S8 | SE | SE | STHD
tonsod UBLL C) PSISRUUCD SO 9SEadl
se8 eubls ¢ 10 4ed 1. pue [pubis se26 jo ed | 00C| BDZIESL |SLe| ¥i |SHL[ 58| 69 | SE| ST ¢mN\vﬂ0
SION TI|VTieH|tH | p|¥a|ealea|tai a | BPOW
ubig dug T\ ruSigdur ~ TN
rubgdul o . e
eublg s2 | N\ Eubig sEg |\
[uBls w+.L] $sE9 o
11
1
z1
[
t _ [ [
§ 818 ErFTT SEls-
7z {
) —— —U

ZH

IH

Keral aanoayold gz-pro odAL

}H

ZH

Aepal sanoajoad ysz-pro odAL

SUOISUSWIP UOLE[IE)SUI 72 [JELDAC ‘Ae|al DAI3d3)0.d "6Z'6




|G HM

I HI0.154,5701

9.30. CM2{10070) operating position table and connection diagram

Diverter switch

fo KR o~

B2

Operation position number| 7

Different voltage number |7

Sel positions 4

Diverter switch

Tap selector contact position

—

Display position

P

re
2
=
-3

® Drawing 15 shown at the set position
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terminal
——

=1
-
o
m
fx ]
=
]
=
5
=
=
=
(=]
z
)
S
]
o
L2
£
=
[7])
m
A
o
(2]
b
=
(1]
=
—
o
5
F =]




I@,Hm | . IHMD.154.5701

9.31. CM2(10090) operating position table and connection diagram

Divertsr switch
Diverter switch
Current take-off
( terminal
LN
Uz [
g
8
7
(4]
5
4
3
2
1

Operatlon position number| 9
Different voltage number |2
Set position « B

Tap selector contact posttion [ 12| 3|4 16|6|7]8]9
Display position 1]2]3)4|5(6|7|8]0
a

32
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® Drawing {s shown at the set position
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9.32. CM2{10071W) operating position table and connection diagram

Divertar switch
Diverter switch
T Current take-off
terminal
U2 U1

Charge-over
Plaase connect terminal 1and 2, 4 and ™+, salector

2 and 2, 3 and 3 in the same phase.

Qperation position number | 7
Different voltage number |7
Set position » 4

Change-over selectar loéation [ K+« T K]
“Tap changer position 1(2(3|4|6|6|7
Tap selector contactposltion 1|23 |K|2|3]|4
Display posttlon 1/2|3|4[6[6{7

L e ——

& Drawing is shown at the set position
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9.33. CM2(10091W) operating position table and connection diagram

Diverter switch

Divarier switch

Current lake-off
tarminal

Uz Ut

Change-over
selector

Please cannect terminal 1 and *",5 and “+,
2and 2, 3and 3, 4 and 4 In the same phase.
Operation position number| 8
Differant voltage number |8
Set position e 5

Change-over selector location Ke T T
Tap changer posltion
Tap selector contact position
Display position
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& Drawing Is shlown at the set positlon




| @Hm ‘ ' I HM0.154.5704

9.34, CNi2{10191W) operating position table and connection diagram

Diverter switch

Diverter switch
Current take-off
Y terminal
[ (
2| lug '
K
a
8
7
8
&+
K(KO 5
- 4
3
2
1
Change-over
selector

Cperatlon position number |19
Differeni vollage number |19
Set position » 104

Change-aver seleclor location K+ | F K-

67| &8|9{10p11|12{13[14]15]16}17|18/|19
1(2]13)415]6|7|8|8
6| 718|910[11)12{13|14]15]16;17(18[19

-~
N
w
S

Tap changer position
Tap selector contact position
Display position
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® Drawing Is shown at tha set position
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9.35. CM2(10193W) operating position table and connection diagram

Diverler switch

Diverter switch

Current take-off
fermtinal
uz| |u1
K
)
8
— o 7
]
O+
K 5
‘f\j_ )
3
2
1
Change-aver
selector
Operatlon position number {19
Different voltags number {17
Set position » 9b
Change-over selector location K i K-
Tep changer position 112|3{4|5|6:7|8]|0[10[11}i2|13[14|15]t6[17 18]19
Tap selector contact posttion [1]2[3]4[5]6)7[8[0[K[1]2]3]4]5]a[7[8]9
Display posilion 1]2]3[4]5]8]7 |8 [9aj0b|9c[10{11[12|18]14]15[16]17

® Drawing Is shown at the sef position
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9.36. CM2(10191G) operating position table and connection diagram

Diverter switch

L I B N+ B+ B N« - B = )

QOperation position number |19

Different voltage number {9

Set position » 10

Diverter switch

Current lake-off
terminal

/ Ghange-over
/ selector

Change-over selector location

Tap changer position

-
L]

67|80 [10[11}i2|13[14|i5|16]17[18]10

Tap selector contact posHion

-
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«w

o |

1]12|314|s|8|7]|8]®

Display position
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o
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G789 1MO11]i2113|14]18|16117|18]19
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® Drawing Is shown at the set position
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9.37. CM2(10193G) operating position table and connection diagram

Diverter swifch Diverter switch

Current take-off
terminal

," Change-over

/ selector

- W b ;M N @

Qperatlen positlon number [19
Different voltage number |17
Setposidone b

3
m
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£
o
g
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[x]
£
I
=
[7]
m
A
ar;
m
[x]
X
=
g
-
B
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Ghange-over selector kicalion Q+__ g 0-
Tap changer position 1121314|5|6]|718]9|10[11}12{13[14|15]16|17(18]18
Tap selector confact posttion |1|2[3(4]|5|6|7|8|9|K|1]2|3[4|5|6|7|8(9
Display posttion 1|2]3]4]5|6]|7|8{%|%i%c|10|11[12]13]|14|15|16[17

® Drawing Is shown af the set position
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9.38. CM2(12110) operating position table and connection diagram

Diverer switch

Diverter switch

Current take-off
terminal

Operalien posttlon number |11

Different voltage number |11
Set posilion » 6

Tap selector contact position | 1 §|7(8/|9|10]11
Display position 1 &|718]9 1011

@ Drawing is shown at the set position
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9.39. CNi2(12111W) operating position table and connection diagram

Diverter switeh

Diverter switch

Current fake-off
terminal

Uz

Change-over
selector

Pleass connect 1 end 6 and "+°, 2and 2,
3 and 3, 4and 4, 6 and 6 In tha sams phase.
Operatlon positlon number |14
Different voltage number |11
Setpositions . 3]

Change-over selector location K i K-
10|11

-

-k
Lo+
[+-]

S
o

Tap changer posltion
Tap seleclor contact position
Disptay position
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® Drawing is shown at the set position
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9.40. CM2(12233W) operating position table and connection diagram

Diverter switch
Diverter switch
Current take-off
U210 W tarminal
11
Upper contasts of tap selactor
10

I
N

PR Y R L~ T <~ B S - R /= ]

Change-over
selector

Opsration position number| 23
Different voltage number | 21
Sel position s ith

Change-over selector locatlon K+ 1 K.
Tap changer positien 1(2|314|5|6|7|8(|9[10[41 |12 |13 |14|15{16/17|18|19|20|21|22{23
Tap selector contact position {1]|213|4]|8(6|7|8|9110[41|K |1 |2]{3|4({6(8i17[8]|8{10j11
Display position 11213|4|5|6|7|8|9|10[11a[l1b|11c]12][13}14|16]18]17|18|18]20{21
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® Drawing Is shown at the set posltion

3
m
[r]
=
ro
=
8
=
=
=
=]
=
—
8
=)
g
o
[ x4
£
=
=
[7]
m
X
-
5]
x
=
[x]
I=
=
o
5
=

(€




3
m
<
=
[ ]
-
]
<
=
=
o
=
=
‘o
=
a2
=
)
=
=
&
m
A
o |
m
a
=
=
o
=
[
o
5
>

@ HM | bao.as45701

9.41. CM2(122336) operating position table and connection diagram

Divarter switch
Diverter switch

* Current take-off
terminal

Change-over
selector’

- N G b ot T N > O

Operation position number| 23
Different voltage number |21
Set position 11b

Change-over selecior location 0+ ] 0-
Tap changer posltion 12|34 (5]6]7]|8]|9(10{11 |12 |13 |[14;15(16/17{18|19[20)21|22[23
Tap selector contact posttion [1]2[3]4|6la7]|8|o|10{1i|K |1 |2]|3]|4|5]8|7[8]8[10[11
Display position 1|2|3|4(5]|6}7]8]|0|10{11a]lib|11c][12]13[14|15|16[17(18]18[20]|21

® Drawing is shown at the set position
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9.42. CM2(14130) operating position table and connection diagram

Diverler switch Diverter sviich

Current take-off
terminal

R

13
12
11
10
9
8
7
§
5 Lower contacts of tap selector
4 RO
Z ®)
[ (0

! 8)

Ol ey

Operation position number |13
Different voltage number |13
Set position « 7

—
N
&
£
=]
[+>]
-7
o«
o

Tap selector contact poslion
Display position

10]44[12{13
10]11[12{13

sy
»N
L2
£
o
[
-
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€L

® Drawing Is shown at the set position
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9.43. CM2(14131W) operating position table and connection diagram

Diverter swilch
Diverter switch
Current take-off
{esminal
Uty [u2
Upper centacts of tap selactor
K X
@)
@
! 0 (®
— o ° (6)
4]
ot 4 @2
KO\)
- - 3 Lowrer contacts of 1ap selactor
’ 2
.-
1 ©-Q
S Q
B
& I ()
=
o
£ Pleasa connect 1 and ™%, 7 and ™", 2 and 2, 3 and 3, () Change-over
e 4and 4,5and 5,6and & in the same phase. (5) ) selector
[=j
o Operatien position numbar |13
g Different voltage numbar (13
= Set positlon e 7
g
2 Change-over selector location K+ i K-
8 Tap changer posilon | 1]2[3 |4 1516|7818 [Roliiiz[13
= Tap selector contact position |1|2|314 (5|6 K|2|3|4(5(6]7
=3 Display posifon 1|zz]4]s[s[7]8 o Mo11[12[3
g —
=

® Drawing s shown at the set position
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9.44. GM2(14273W) operating position table and connection diagram

T Divertet switch Diverter switch
Current take-off
terminal
vzl [
K
Upper contacts of tap salector
13
12 ORC.
11 (7}
10 (1) &
9 (6)
) e 0
7
Lower contacis of tap seleclor =
8 m
o
5 G2 =
4 O g
3 © % g
i .
2 g
] @ Change-over ‘5
selector b=
o 2
o
o
Operation position number | 27 =
Diffarent voRaga number |25 3
Set position e 13b %
m
1 Q
Change-over selector lacation K+ ' K- E
Tap changer position il2i3l4]|s|a|7|a]olio[11]12113 114 15 |16l17[18 18(20)21|22|23}24|26|26(27 g
Tep selector contact posion [1]2 |34 |6 6] 7[5 |9 (101111213 {K |1 [2]3(4|516 718 |8 |10;11[12]13 g
Display posiion ilzl3 418678 al10[11]12[13a]13b]13c]14]|15(16}17|18|19]|20,21|22]23|24[25 X

® Drawing Is shown at the set position
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9.45. CM2(14273G) operating position table and connection diagram

Diverter switch Diverter switch

Current take-off
terminal

! Change-over

selector
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QOperation position number] 27
Different voltage number |25
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Changa-ovar selector location 0+ ! t 0-
Tap changer position 112]3]4[5]6|7|8]9[10j11]12{13 | 14 |15 {16]17]18]18]20]21]22]23}24]25]25]27
Tap seteclor contact position |1 (2|3 [4[6[6|7|8|9[H0H1[12[13| K[ 1 [2[3[4[6]e[7]|&] o [10[11]12|13
Display position 1]2])3]4[6]|6]|7]8]9[10[11]12[13a]13b[13c]14 15]16]1? 18[19{20]21}22]23}24[25)

® Drawling Is shown at the set position
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9.46. CM2(16150) operating position table and connection diagram

Diverter switch

Divertsr swilch

Current take-off
terminal |

Upper conlacts of tap seleotor

Operaticen position number [16
Different voltage number [15
Sel positione 8
Tap seleclor contact position |1 6[7]8|98]10/11|12)13|14[156
Display position 1 B8)7|8|9|10[11[12|13[14]15

® Drawing is shown at the set position
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9.47. CM2(16151W) operating position table and

Diverter switch

Please connect 1 and"",8and

Operation position number 1

Difforent voltaga number 15
Sat postilon s

BEE

Change-over selector location

Display positon

uys 2and 2,3 and 3,
game phase.

4and4,5and5.6and6,7and7inthe

— o changerpostor __|1[2[31]
op seledor conad posian [ 1121814}
T[z(al4(5]0]

_HMB.1E4.5701

connection diagram

Diverter switch

Current take-off
terminal
-

Lower contacts of tap selector

Change-over
elestor

“r
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® Drawing s shown at the set position
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9.48, CM2(1 6313w) operating position table and connection diagram

Diverter switch

Diverter switch

Current take-off

U1 terminal

Change-over
selector

[1[12[13114]15 fi [77 i io o pr o]
ﬂlmﬂﬂﬂﬂﬂlﬂlﬂlﬂlﬁ
12113[14]1ta teb 1o |15 77 18 o for 23 242526 27 26 75|

m
[z
=
X
5
s
=
o
z
=~
4
(=]
-l
]
(2]
£
a
A
-t
3
=
=
£
-
g
=

* Drawing is shown at the set position
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9.49. CM2(16313G) operating position table and connection diagram

Diverler swilch

A N oW A M @ N B ©

Operation position humber

31

Different vottage number

20

16b

Set position e

Diverter swilch

© Current take-off
terminal

[

Changea-aver
selactor

Changa-over sslector focation

0-

Tap changer position

=
n
oo
E -3
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9 |[10]41{12[13]14]15 {16 |i7 |18}19320
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Tap selactor contact posttion
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@ Drawing Is shown at the set position
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9.50. CM2(18170) operating position table and connection diagram

Diverter switch

- N W A @ N @

QOperation pasition number |17

Different voltage number |17

Sef position « g

Diverter switch

Current take-oif
terminal

Tap selector contact posttion

Py

7|8|91011|12]13

14)16]16[17

Display position
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7|8 |9 10/11}i2]13

14)16]16(17

® Drawing is shown at the set position
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9.51. CM2(18171W) operating position table and connection diagram

Diverter switch

Diverter switch

Uil fuz

=

= N W s~ D O

i

Current take-off
ferminal

Ploase connect 1 and ™8 and "+, 2and 2, 3and 3,

Change-over
selector

4and4,5and5,6end 6,7 and 7, & end B in the same phase.

QOperation position number 17
Different voltage number (17
Setposition s 9
Change-over selector location K+ i K-
Tap changer position 112|3|4]|6|6]7]|8|9110{11|12|13|14]15|16|17
Tap selector contact posiiion [1]|213]4|5[8|7[8|K[2{3]|4|5[6|7|8]9
Display position 1}2]3;4|6|8|7|8}9[10{11]12/13{14}1B6{16[17
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® Drawing fs shown at the set position
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9.52. 0M2(18353W) operating position table and connection diagram

Diverter switch

Diverter switch
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selector =1
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Operation position number | 38 b
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Change-over selector lecation K+ I K- %
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® Drawing Is shown at the set position
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9.53. CM2(18353G) operating position table and connection diagram

Dlverier switch Divarter switch

Current take-off
termInal

| Changs-over
/ selector

Qperation position number {35
Different voltage number (33
Sel position s 17b

Change-over selector focation 0+ T o-
Tap changer position 112|3|4|6]|6|7|8]9]10f11]12]15 1’41516}17 16 | 19 |20121|22|23|24125126(27) 28}28]20{3 1] 32[33]34]35
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® Drawing is shown at the set position




SHANGHAI HUAMING POWER EQUIPMENT CO,, LTD.

Address: 977 Tong Pu Road, Shanghai, BR.China 200333
Tel: +86 21 5270 3965(direct)

+86 21 5270 8966 Ext.

8688/8123/3698/8158/8110/8658

Fax: +86 215270 2715

Web: www.huaming.com

Printrg: FEB2010

E-mail: expori@huaming.com

(¢



—

ETRA 3 OIL TEMPERATURE PNA-6.40.31
m ENERGETSKI ' Revision: 1
‘ TRANSFORMATORJL d.0.0 INDICATOR - AKM Date: 1. 8. 2006
190 58 28 100
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C(' 160 . | 35

CONTACT DIAGRAM:
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214
R1"
L

M PNAB 40 31

CHARACTERISTICS

TYPE: AKM 34 4 01 15 — 6.0

PROTECTION MODE: IP —65

SWITCHING ELEMENT: 4 CHANGE—OVER SWITCHES
BREAKING CAPACITY: 15A, 250V, 40—-60Hz '
INSULATION TEST: AC 2.0kV, imin
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ETRA X
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WINDING TEMPERATURE
INDICATOR - AKM

PNA-6.40.41

Revision: 2
Date: 3. 4. 2006
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CONTACT DIAGRAM:
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5 12 11 14 22 21 24 32 31 34 42 41 44

CHARACTERISTICS:

TYPE: AKM 35 4 01 15 — 6.0
PROTECTION MODE: 1P —65

SWITCHING ELEMENT: 4 CHANGE—OVER SWITCHES
BREAKING CAPACITY: 156 A, 250 V, 40-60 Hz

INSULATION TEST: AC 2.0 KV, T1min
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JTRfY “9-=E88=| OIL LEVEL INDICATORS PNA-6.40.17
I type LA and LB Revision: 3

Date: 20.03.2013

i
I

il

1

=T
L]

«
Oil level indicator type LA Oil level indicator type LB
TEHNICAL SPECIFICATION
Standard specification EN 50216-5
Indicator type Level gauge with magnetic joint
Dial size 2140 mm, @220 mm or @340 mm
‘| Min / Max level Dial shows all red / Dial shows all white
Reference marks -20°C, +20°C, +85°C,
special marks available on requeast
3 A, 125/250 V AC (resistive)
Breaking capacity 0.5 A, 125 V DC {inductive load)
0.25 A, 250 V DC (inductive load)
Cable gland M25x1,5 mm
( Insulation test 2.5 kV AC, 50/80 Hz, 1 min
Q Degree of protection iP 55
Ambient temperature Between -25 °C and +60°C
Manufacturer COMEM, ltaly
~
S | Wiring Diagrams
[{s]
< MIN MAX M MAX HIN MIN
[\l .
o
T
g 1887148 bdfadto
J54 ) tluala n|ao|lu LAy LL L & dd
1201 412N M & ) 12111422 2 12 11 "
1172 /4
- Scheme X Scheme W Scheme Y Scheme K
= 1 contact on min. level 2 contacts on min. level 2 contacts on min. level 1 contact on min. level
) 1 contact on max. level 2 contacts on max. level
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KOLEKTOR FTk dos BREATHERS COMEM Revislon: 3
type: DA, DB and 1MB Date: 11. 03, 2013

Q{T KOLEICFOR DEHYDRATING PNA-6.40.63
11—

DB IMB
s $97

L1
G

AL LR

]

‘ o
: 2
)
w0 :D
Fig. 1: Dehydrating breathers types DA and DB Fig. 2: Dehydrating brealher_ type 1IMB
Max. oil | Silicagel DIimensions {mm) ) Woeight (kg)
Code i
iY@y | | L (L1 |p1|H| @ [ R|F| & | b Tybe | Type
2 2 095|076 | 265 (210 { 30 [ 12 | 100 | 75 12 G1" 140 3 2.7
3 8 275122 | 380 1 310 | 44 | 14 | 130 { 100 | 14 | G1%" | 175 54 4,95
4 15 66 | 52 | 610 [ 560 (44 | 14 [ 130 | 100 | 14 | G1%" | 175 9,35 8,75
5 30 133106 | 675 | 625 1 57 | 16 | 140 | 110 | 14 G2" 220 16,7 16,5
6 40 19 (152 ] 895 | 845 | 57 | 15 | 140 | 110 | 14 G2" 220 22,5 22,2
Table 1: Dehydrating Breathers types DA and DB
Max. oil quantity Silicage! Siillcagel Weight
G
ode (ton) (dm) (ko) (ko)
iMB 1,4 0,47 0,38 1,15
Table 2: Dehydrating breather type 1MB
Description

Dehydrating breathers are used to absorb moisture from the air drawn into transformers dus to thermal
contraction of the oil and prevents its contamination by moisture. The breathers contain silicagel (silicon
dioxide) in granular form, which fs able to absorb about 35-40% of its own welght of water. When the silicagel is
salurated with moisture, its colour changes. As the half of the quantity of the silicagel is saturated, it should be
replaced by dry granules. The colour variations are shown on label on the dehydrator.

The upper and lower parts of the dehydrator consist of compact, corrosion-pracof aluminium castings. The
transparent tube containing silicagel is made of polycarbonate, resistant to oil, UV light and tropical as well as
marine climates. For mechanical protection, the tube is protected by a stainless steei cylinder with openings
allowing visual inspection of the silicagel. The closing system at the boltom prevents constant air contacts with
the silicagel. This closing system can be hydraulic (DA and DB types) or mechanical (1MB type), and it allows
air passage in both directions only when there is a different pressure inside and outside the transformer (300
Pa for inlet air and 500 Pa for outlet air),

««
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- CONTROL VALVES OF THE | CPNA-640.23
m ENERGETSKI INTERNAL PRESURE OF TANKS Revision; 4
TRANSFORMATORJ, 400 COMEM Date: 96. 2. 2009
Ll- B
(T
o & L fc X
D

(.

B PNAB 40 23

Page 11

Wy ///// 0 Tip | 50T | 80T | 125T
e
N\ I I T T
’§%= 8 4 4 5
| i§ — ¢ max| 74 110 120
\;§ — [ | D g49 | #80 | #125
NN w < D1 | 8165 | ¢200 | 9278
= o D2 | ¢125 | #160 | 8210
—— D3 | o106 | #143 | w190
e o p4 | e85 | e117 | o164
] 05 | s99 | #131 | w182
s p6 | 4xe18 | 4xe18 | 8xa18
$120) E 130 | 140 | 210
G F max 18 32 62
D4 ¢ | e62 | #100 | 2155
b5 i ¢175 | 210 | 8288
D1 -—
13| |2
D6 |
> i
<y
141 |22
& 8§ &
oA
I /Q'o o) = P 66
| o Breaking capacity:
< —] voltage 230 V AC
current 2 A
cos¢ > 0,5
voltage 24—220 V DC
current 2 A

breaking capacity:
100 mA L/R< 40 ms

Test voltage: 2 kV AC, 1 min
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ETRA 3 BUCHOLZ RELAYS

ENERGETSKI
TRANSFORMATORJI, d.o.o)

COMEM

PNA-6.40.52

Revision: 1
Date: 1. 8. 2005

B PNAG6 40 52

Page 111
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213
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CONTACT DIAGRAM <" ©
b
g & ©
5 8 @ © o
e;:ﬁ
3412 L
CHARACTERISTICS:
1. PROTECTION MODE: IP—-55
2. Ol VELOCITY: 100 cm/sec (operating of trip contact)
3. SWITCHING ELEMENT: 2 CONTACTS
4. CONTACT TYPE: A (normally open)
5, BREAKING CAPACITY: 2 A, 250 V, AC cos ¢ 0.4%£25%
: 2 A 250V, DC L/R=40 ms +15%
6. INSULATION TEST: AC 2.0 kV, 1 min
TYPE | a b d | @ | d2 | a4 | o]
BR50 | 250 168 50 125 165 102 3.7
BR8O | 303 | 193 80 160 200 138 4.8
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TL.UMASENSE
TECHNOLOGIES

Fluoi’optic-Based Winding Hot Spot Temperature
Sensor for Generation, Transmission and
Distribution Transformers

LumaSMART is the fifth generation Fluoroptic®-based
thermometry system from LumaSense. By providing direct
and real-time winding hotspot measurements, utilities can:

* Implement Dynamic Loading

» Extend the Life of Transformers
¢ Reduce Costly Failures

* Maximize Safe Performance




Exceptional Reliability and Accuracy in Winding Hot Spots

Temperature Monitoring |
LumaSense Technologies’ LumaSMART winding hot spot ence, LumaSense continues to lead the way in innovation
temperature system is the most advanced and reliable of new, robust technology.
real-time monitoring solution available today. tumaSense
is the leader in F’UOroptic@ (FOT) TeChnOlOgy, with Measuring Haot Spot Wi“ding Tenlperature
decades of proven expertise. The LumaSMART FOT hot Transformers often take the brunt of an overload condi-
spot monitoring systems provide accurate, real-time tion. Monitoring the transformer winding hot spot is
temperature readings for protection and control of your critical to safeguard your transformer from damage and
critical power transformer assets. extend Its usage. Transformer life is directly related to
LumaSense's PFA tefion-jacketed Fluoroptic probes are the life of ttje internal paper insu[ation. The insula_ting
considered the standard in the industry. Featuring five- paper’s life is directl_y affected by its exposure to ‘h:g‘h
layer protection in their fiber optic encapsulation for temperature. The highest temperature on the windings
99% installation success, they are specially designed to is the Winding Hot Spot, where the insulating paper will
withstand harsh environments without deteriorating déteriorate first. Conventional methods simulate or calcu-
physically or affecting the accuracy of the temperature late this temperature, but do not accurately measure it.
measurement, The only true way of knowing the actual temperature is
’ through real-time fiber optic measurement, Our reliable,
LumaSense Technologies' LUXTRON brand is the world accurate monitors quickly detect and respond to hot spot N
leader in fiber optic temperature measurement in trans- conditions, triggering alarms and relays to protect your <((
formers. With more than 30 years of fiber optic experi- most valuable assets.

Smart Grid Power Transformer Hot Spots
Temperature Monitoring

, Multl Layer Teflon-Jacketed,
Kevlar-Wrapped Fiber Optic Probes

DlpTFp ; o WEIDMANN-Cemerd
Rugged Probes Quality Probes SmartSpacersTM

9

Tank Wall
Feedthrough
Plate Assembly

The Multh-Channel Controllor Systent Should {icludo:

o LumaSMART  Extension Cables » Optional Accessories

Multl-Channe! Smant o Single Fiber Extension o NEMA 4 Enclosure

Controfler o Four-Fiber Extension o WEIDMANN-Cerlified SmariSacers™
» Fltioroptic Probes o Tank Wall Feedihrough Plats Assembly @ NEMA 12 Tank Wall Cover Box

A Intemal and External Plug Assemblies
o Quality Probes o Stalnless Steel Bolted Plate © :
o DipTip Rugged Probes o Individual Tank Wall Feedthroughs @ LUXTRON 812 Handheld Unit




(-

LumaSense Technologies’ LumaSMART controller is the
newast innovation from the leader in FOT technology.
Building on the proven performance of the ThermAsset2,
this monitor provides all of the capabilities of its prede-
cessor while adding smart grid capabilities, an innovative
touch screen and extended channel and relay capabilities.

+ Easily adaptable to user-specific needs with 4 to 16
channels and 9, 8 or 16 Form-C programmable relays

-

x2°C accuracy over the entire temperature range for
the life of transformer with no calibration

No drift, no calibration required

Analog outputs and Modhus, DNP3, ASCII and [ECG1850
communication capability standard

RS-232C and RS-485, Ethernet and USB serial outputs
Light source lasts the life of the transformer

* Interactive touch screen display for alarms, notifications
and set-up

Equipped with 2GB standard data storage for trans-
former lifetime memory storage

On-board diagnostics troubleshooting guidance

The measurement perfor-
mance of LUXTRON probes
exceeds common tempera-
ture sensors in environments
with high voltage, radio
frequency interference (RFI),
electromagnetic interference
(EMI) or corrosive and above B
boiling peint liguids. Our
robust probes are designed
for ease of instalfation and
have a greater than 99% installation success rate.

* Industry standard LUXTRON Quality Probes™ and
DipTip Rugged Probes™

-

Viton O-ring connector for protection against leaks
PFA Teflon®-jacketed design with Kevlar® construction
Immune to RF and EMI and Electrically Non-Conductive

Most robust, well-built fiber optic probes on the
market

* Insulated with five layers for superior protection

* DipTip Rugged Probes don't require double installa-
tions

« Dielectrically tested to ensure safe, accurage perfor-
mance -

¢ Chemically inert and compatible with many aggressive
chemicals

« Intrinsically safe, stable and drift-free
¢+ Available in various lengths (1m to 16m standard)

WEIDMANN-Certified SmartSpacersi
Our sensor tips can be supplied with WEIDMANN-
certified SmartSpacers, All
WEIDMANN-certified compo-
nents including adhesives and
assemblies meet strict manufac-
turing process controls and are

shipped with a certificate of R
compliance outlining that the ‘ /
component has met the five-part £
WEIDMANN certification process. -

Available with LumaSense DipTip
Rugged Probes™,

LumaSense offers multiple fiber optic extensions options
to connect the probes from the tank wall plate to the
instrument.

Single Fiber Extension
+ Hard Clad Silica fiber jacketed in PVC and Kevlar®

+ Avallable In lengths of 5, 10, 15 or 20 meters or custom
lengths by request up to 50 meters

* SMA connector includes Viton O-ring for protection
against leaks

Four-Fiber Extension
* Four fiber cable subunits and a central Keviar®
strength member in one PVC outer jacket

Each subunit features Hytrel® and Kevlar® over Hard
Clad Silica fiber

Availabla in lengths of
5, 10, 15 or 20 meters
or custom lengths by
request up to 50 meters

-

Viton O-ring connectors
for protection against
leaks

Available in low
temperature
construction also

LumaSense providas welded
tank walt feedthrough plate
assemblies. Each tank wall plate
features our proprietary welded
feedthroughs on a stainless
steel plate, with a carbon

steel backing ring and Viton
0-ring for maximum protection
against leaks.




Pérformance -

Communication- -

Number of Channels

4 to 16 (in increments of 2)

Analog Output

Cholce of 4-20mA or 0-1mA

Temperature Range  -30 to 230°C Serial Output RS-232C and RS-485, Ethernet, USE
Accuracy +2°C over entlre temperature range for Relays - 0, 8 or 16 Form-C programmable refays
life of transformer without calibration : - ) -
System Status Rela 1 Form-Crela
Display Response Time 1 sec y i Y . . y i :
Communications Modbus ASCH, Modbus RTU, DNP3.0,
Measurement ASCIl and IECG1850 Standard
Resolution 0.1°C
. Probes Accepts LUXTRON Rugged and Quality
Precision +0.5°C Probes
Light Source Life Span  Life of the transformer Data Storage 2 GB of data at 1 minute intervals on
all channels, as well as error codes and
EMI/RFI Susceptibility  Complete immunity relay statuses, Retains approximately 40
— - years of data.
Interface . ke L R
Displ B.7-inch Interactive touch screen
itid " : Input Power 90 to 264 VAC of 127 ta 370 VDG, 47 to

Probe Signal Strength
Readout

Accessible for ali channels

63 Hz .

Surge Protection

4000V {IEEE €37.90.1-2002)

Diagnostics On-board self diagnostics and - -
troubleshooting guide Consumption 108 W {maximum)
Environmental Specifications o Physical . .
Operating Temperature -30to 70°C Mounting Rack, panel or wall mount available

Storage Temperature

-35 to 75°C

The LumaSMART's innovative on-board software gives a
color-coded visual display of all connected probes. Using
the touch screen exclusively offered by LumaSense, you
can customize channel labels, configure alarms and relays
and download data logs. In addition, the diagnostic
feature allows you: to easily test your configured relay
settings by simulating alarm conditions. Our software
also allows for trending and data analysis of tempera-

tures measured.

LumaSense Technologies

Amaricas and Austrafia
Sales & Servica

Santa Clara, CA

Ph: +1 800 631 0176
Fax: +1 408 727 1677

Europe, Middle East; Africa
Sales & Service

Frankfurt, Germany

Ph: +49 69973730

Fax: +49 69 97373 167

info@lumasenseinc.com

LumaSense Technologles, [nc., reserves the right to change
the information In this publication at any time.

India
Sales & Support Center
Mumbai, India

Pih: 491 22 67419203
Fax: +91 22 67419201

Temperature and Gas Sensing Solutions

China

Sales & Support Center
Shanghai, China

Ph: +86 133 1182 7766
Fax: +86 21 5877 2383

www.lumasenseinc.com

©2012 Lumasense Technologles. All rights reserved.
LumaSMART Brochure Rev. 01/21/12




L UMASENSE

TECHNOLOGIES

Cost-effective and accurate gas detection solutions based on
Non-Dispersive Infrared (NDIR) sensor technology to measure

fault gases in transformers or load tap changers (LTC’s)

» |dentify potential faults prior to faifures (reducing unplanned outages and
associated costs) '

¢ Reduce the number and frequency of LTC maintenance cycles, thereby
increasing uptime and maximum efficiency of the LTC

* Proactively investigate premature aging or the cause of faults of a transformer




Protect critical assets through comprehensive analysis of
transformer fault conditions with online SmartDGA® monitors

The SmartDGA® family of instruments is
the industry’s most cost effective Dissolved
Gas Analysis (DGA) solution, designed to
be the most flexible and to provide the
best user experience available. Each mode!
has been designed using state-of-the-art
Non-Dispersive Infrared (NDIR) technology.
The continucus online DGA values
reported by the SmartDGA® instrument
quickly identify potential fault conditions through
monitering of key gas levels and ratios.

e SmartDGA Gauge™ is the industry’s first dedicated
online Load Tap Changer {LTC) condition monitor.
The Gauge measures and records Methane,
Acetylene, and Ethylene plus moisture to assess LTC
health,

SmartDGA Guard™ provides a cost effective early
warning monitoring system of potential trans-

- former failures. The Guard measures and records
Hydrogen, Acetylene, Carbon Dioxide, and Carbon
Monoxide plus moisture to provide an early
diagnostics tool.

SmartDGA Guide™ provides comprehensive online
DGA results that enable diagriostic¢ techniqués, The
Guide measures and reports nine (9) DGA gases plus
moisture in an instrument that vastly reduces total -
cost of ownership of an on-line monitoring system.

The SmartDGA EZHub™
unit is the central
intelligence for the
SmantDGA® system. A
fully configured unit

is capable of handling
the power and commu-
nication needs for the
SmartDGA® system. The EZHub
can support a Gauge instrument for the LTC

and a Guard or Guide instrument for the

transformer. Al interface functions and interconnects
are provided in the EZHub device as well as internal
memuory, and four {4) relays with bright LED indicators
to indicate Caution, Warning, and Alarm gas level, rate,
and ratio conditions. The fourth relay provides status
information on the SmartDGA system itself.

Each SmartDGA® package includes the instrument,
mounting hardware, connection cable, the
SmartDGA EZHub™ unit, and SmartDGA Viewer
Software.

Versatile mounting configurations — including single
and dual valve mount. Inline mounting is available
for LTC filter system or non-valve mounting for a
transformer. The SmartDGA® instrument can be
mounted in a vertical or horizontal pesition.

[ ]

Extremely cost effective - total cost of ownershipis a
fraction of the cost of other instruments and instal-
lation can be accomplished in just hours,

* No consumables, carrier gases, or scheduled
calibration required.

Sunlight visible indicators for Caution, Warning,
and Alarm conditions. Has Status Relay notification
and corrective action triggering to ensure optimal
system operations.

Packages available for LTC monitoring with specific
interfaces for common LTC filter models. SmartDGA
Gauge monitors and displays gases for Duval
triangle 2 for LTC.

Communications supported via all major protocols
common in the electric power industry such as
Modbus RTU, DNP 3.0, and IEC 61850 with the
optional /Core,

The LumaSmart iCore™
controller provides a local
interactive touch screen
display of DGA data collected
from the SmartDGA EZHub™
using the DGA Viewer™
software, The DGA Viewer™
software allows for on-site
viewing of DGA data collected from the SmartDGA®
instruments, The software provides a local means to set
and create operational levels for caution, warning and
alarm conditions, Additionally, the LumaSmart iCore™
device provides communications to external systems
using R5485 or Ethernet. Each LumaSmart iCore™
device enables connectivity to multiple EZHUb™ units
{up to a maximum of 4 using either the Ethernet or
RS-485 connection).

€

N
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LumaSense is the industry leader in the use of
Non-Dispersive Infrared (NDIR) technologies and has
deployed thousands of systems in the field. With over
40 years of experience, LumaSense has redefined the
way gases are measured.,

Non-Dispersive Infrared (NDIR) quantifies known
gases. Building upon the fundamental science behind
how molecules interact with light, LumaSense Tech-
nologies’ ANDROS® brand pioneered NDIR gas analysis

rulamlagy
b Tt

Device Configuration
Customized gas detection
levels of Caution, Waming,
and Alarm values. Included
are userconfigurable
settings for each gas Rate
of Change detection levels.
Ratio setpoint activation is
also available,

! DGA Dashboard

The DGA Viewer™
software displays all
connected instruments
with status as well as the
last and next sampling
times.

A Nt L o i 50

Trends

The Trends screen disptays
all detected gases via a
trend graph over a user-
selectable perfod of time.
Each gas can be individizally
displayed or all 9 gases can
be displayed at once.

‘L G bspd Bas bty -f\

for automotive emissions and patient monitoring.
NDIR is the heart of our suite of SmartDGA® products
designed for the Energy industry to perform Dissolved
Gas Analysis (DGA) of transformers and load tap
changers (LTCs). With ANDROS® NDIR modules, the
cost of gas measurement is greatly reduced because
our modules can measure multiple gases and field
calibration s not neaded.

Fachwitlesyhy S wrasgty
ittte i deperdiny i

W is fbwitan seleded by
iy bedzss Rt

Belrared o Bt
Ervetia Eaeal
Detecter ot F‘sr [

Details Screen
Review Gas levels and PP/
day as well as Ratios in a
single screen. The last and
next measurement date and
times are also visible.

Duval Triangle

Visual diagnostic tool
divided into fauit zones
based on the types of
electrical and thermal faults
as defined in Duval triangle
type 1 and 2 for trans-
formers and LTGs respec-
tively,




NPIR Gas Phase Sensor

Accuracy

+ 5% or £ LDL, whichever Is greater

Reporting Rate

Every 24 hours - default, User selectable from
approximately 3 hours to 7 days,

hMeasurement Range

Minimum value is the lowar detectable
limit after settling-in pericd after initial
installation which may take up to 1
week, maximum value is the upper limit
of accurate response

Moisture Accuracy

+ 3 ppmor +2% RS

Oil Pressure

up to 45 psig (3 bar}

Enclosure Rating

IP 55

Sunlight visible Indicators
for condition codes

Note: Indicators normally
flash on for 5 seconds,

off for 15 seconds

s Green - Normal

» Yellow - Caution

» Blue - Warning

+ Red - Alarm

* Red/Blue - System Status Ercor

+ GreensYellow - Loss of Cemmunication

Environmental

Certifications and Standards (inikriment.

Operating . N i . ) N
Temperature® 50 to 55 °C 50 to 55 °C 401076 °C
Storage ) N ) o . o
Temperature 50 to ?0 C 50 to 70 °C 40to75°C
Storage )

Humidity 1-89% RH 1-99% RH 1-93% RH
(nen-condensing)

gmgw 14t 85" | {03vx57"x6* | 877 x7.4° x 6.6
Weight 18.74 1bs 6.61 Ibs 11.02 tbs

Emisslons / Immunity

EN 1000-6-2 (2005} +C1
EN 61000-6-4 (2407} +A1
EN 61000-3-2 (2006} +A1
EN 61000-3-3 (2008)

Environmental / Vibration ETSIEN 300019-2-4

Surge Protecticn

RS

« Mounting Hardware - includes single valve, dual valve

4000V (IEEE €37.90.1-2002)

or off transformer installation kit

« Connection Cable - 10 m standard (additional lenaths
and cold weather options available)

* DGA Viewer™ software

Sales & Service
Santa Clara, CA

Ph: +1 800 631 0176
Fax: +1408 727 1677

Americas and Australia

Europe, Middle East, Africa
Sales & Service

‘Frankfurt, Germany

Ph: +49 69 97373 0

Fax: +49 69 97373 167

info@lumasenseinc.com

LumaSense Technologles, Inc., reserves the right to change
the infermation 1a this publication at any tima.

SmartDGA? Instruiment Gas Measufements (Min-Max) .

’é“:g’e“e 0.5-50,000 pom | 0.5-10.000gpm | 0.5-10,000 ppm
2
Ethylene (CH)) 2-50,000 ppm 2-50,000 ppm
Carbon
Monoxide (CO) 10-10,000 ppm 10-10,000 ppm
Moisture (RS) 1-95% 1-99% 1-89 %
Hydrogen (H,} 5~10,000 ppm 5-10,000 ppmi
Carbon Dioxide 10-20,000 pp 10-20,000 ppm
€Q,)
Methane {CH) | 2-50,000 ppm 2-50,000 ppm
Ethane (CzHE)' 2-20,000 ppm
Oxygen (0,} 500--50,000 ppm
Nitrogen (N} 5,000~
100,000 ppm
SrnrtDGAEZHubTM & LumaSMART iCore™ Specifications

Power Supplied to EZHub 90 ~ 264 VAC, 127 ~ 370 VDC,

& iCore 47 - 63 Hz, 6.5 A max

Power Supplied to 48 VDC ~ 4.16 A max

Instrument

Memory Up to 40+ years worth of data sterage

available with optional iCore

Data Export (Available with
EZHub and iCorel/PQ)

Export of results to date In a single file
onto a USB memary stick. When using
iCarefPC, user can select date range; when
using EZHub port, al| data is exported

Available Proprietary communications via RS485
Communications and Ethernet connections to DGA Viewar
{Available with EZHub) software

Optlonal Communications
(Modbus available vith PC, IfEEGJsfg,BDglﬁégsnd Modbus protacols

others avaifable vith iCore)

Alarm Contacts  EZHub 3 programmable relay outputs {Type C,

NO/MNC) for caution, warning, & alarm

EZHuh & iCore Gne (1) alarm relay outout for system
status (Type C, NO/NC)

Single phase alarm relays (8 A, 250 VAC;
54, 30 VDQ)

Relay Contact Ratings

REfEE

* LumaSMART /Core™

* NEMAJx Enclosure (for the LumaSMART iCore™ controller
andfor SmartDGA EZHub™ unit)

*For operating temperatures fess than -20° G, the cold weather cable s required. For
operating in environments where the temperature routinely exceeds 40° G, the high
temperature accessory Is recommended to prevent premature aging and reduction
of component Efetime, Temperatures are based upon air temperatures for unit instal-
tation in shaded location.

India

Sales & Support Center
Mumbai, India

Ph; 491 22 67419203
Fax: +91 22 67419201

Sales & Support Center
Shanghai, China

Ph: +86 133 1182 7766
Fax: +86 21 5877 2383

www Jumasenseinc.com

®2015 LumaSense Technologles. All rights reserved,
SmastDGA Brochure-EN - Rev. 0120/2015
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KOLEKTOR INHIBITED PNA-3.50.24
RW FaTR SR TRANSFORMER OIL Revision 1
TYPE HYVOLT Il Date: 08. 03, 2012

TECHNICAL PROPERTIES

TEST DESCRIPTION TEST METHOD SPECIFICATIONS MARKETING
MIN MAX VALUES
Functicn
Viscosity, mms at 40°C IS0 3104 12.0 9.2
Viscosity, mm®fs at -30°C ISC 3104 1800 024
Pour Point, °C IS0 3016 -40 -65
Water Content, mg/kg IEC 60814 30 i3
Breakdown Voltage, kV, Before treatment [EC 60158 30 57
Breakdown Voltage, kV, After treatment  IEC 60156 70 73
Density at 20°C, g/ml 1S0O 12185 0.895 0.875
DDF at 90°C IEC 80247 0.005 0.001
Refining/Stability
Appearance ERTM-2 PASS PASS
Acidity, mg KOH/g IEC 82021-1 0.01 <0.01
Interfacial Tension, mN/m ASTM D 971 40 48
Corrosive Sulfur DIN 51383 Noncorrosive Nongorrosive

Corrosive Sulfur ASTM D 1275, B Noncorrosive Noncorrosive
Corrosive Sulfur IEC 62535 Noncorrosive Noncorrosive
DBDS IEC 62697-1 Not detected Not detected
Inhibitors, wit% IEC 60666 0.08 0.40 0.37
Metal Passivator Additives [EC 60866 Not detected Not detected
Sulfur, wi% IEC 14596 0.15 0.008
Furfural Content, mg/kg IEC 61198 0.05 <0.05
Carbon Type Analysis, % IR-Brandes
Ca 9
Cn 44
Cp 47
Performance
Oxidation Stability at 120°C, 500 hours IEC 81125, C
§]I Total Acidity, mg KOH/g 0.30 0.01
2 Sludge, % 0.05 0.02
«'|  DDFatgo°c 0.050 0.013
3
Health, Safety and Environment
Flash Point, PMCC, °C IS0 2719 135 141
PCA Content, % BS 2000 Part 346 3 <3
PCB Content IEC 61619 Not detected Not detected
=| Hyvoltlil is a product of Ergon Refining, inc.
8| This inhibited efectrical insulating off is produced from a severely hydrotreated naphthenic oil to
& | meet the specification requirements defined in IEC 60296:2012, special applications.

As per IEC 60296:2012, this product contains no undeclared additives.




«



L

FLEXTROIN: LA VIDMAR
} Hojdrihowa 2, 1000 Lpsbljana, Slevenifa

ELEKTROINSTITUT MILAN VIDMAR

Our sign: 1626-4/15

To whom it may concern,
Ljubljana, June 18", 2015

Subject: Test supervision declaration

We Milan Vidmar Electric Power Research Institute, accredited in accordance
SIST EN ISO/IEC 17025:2005,
hereby declare,
that we supervised routine, type and special tests performed on the transformers
_ SN 78947,74273
and confirm that tests were performed according to IEC 60076.

Director:

55 y 7 h
is Zitnik, Ph, D. E. E.
/4/<; Boris Zitni E.E

%_ 4
STTTUT A

Enclosures:

Transformer test report - 78947,74273
Lighining impulse test - 78947,74273
Heat run test - 78947,74273

INSTITUT ZA ELEKTROGOSPODARSTVQ IN ELEKTROINﬁUsrRUo /M//

1000 ljubljana, Sloveniju, Hojdethova 2, p.p. 285, lel.: s386 1 474 3601, fux: 2386 1 425 3326
Poslovni redun NLB d.d. Ljubljana 02924-0012833094, Mentifikacijska stevilka S111781939







na 6naHka Ha EWMB EnekrpouHcTUTYT MiaaH Buamap

£10 BCHUKY 3aUHTERPECOBAHU Haw 3Hak: 1626-4/15

Mobnada, 18 1oHK 2015

OTHOCHO: [leK/apaliua 3a cynepBusMpaHe Ha usnuTeaHua/recrose

Hue, M3cneaoBaTencku eNeRTPOUHCTUTYT Minar Buamap, akpeauTHPaHU B ChOTBETCTBHUE C
aKkpesuTauMoneH aokyment CUCT EH MCO/MEL, 17025:2005 (IEC 17025:2005), ¢ HactonwoTo
AeKknapvpame, Ye No4 Hall KOHTPOA €a U3BbPLIBHH DYTUHHHY, THNOBU W CNELMANHM TeCTOBE Ha
TpaHCHOPMATOPH ChC CepiitHi Homepa: 78947 v 74273 1 NoTebKAABAME, YE TE3W TECTOBR K UBNMTAHMA
€a NPOBEAEHM B cboTBETCTEME ChC cTadAapT MEL, 60076 (IEC 60076).

Mevat Ha EneKTPOUHCTUTYT MinaH Buamap Aupextop: /noanuceT He ce yete/
A-p. bopuc HUTHUK

Mpunoxenunn:

WNanutsatenen npotokon Ha TpaHchopmatop - 78947, 74273

ManuteaHe c munHues uMnyne - 78947, 74273

ManuTBaHe Ha nperpasaHe - 78947, 74273

WHCTUTYT 3A ENEKTPOTOCNOIAPTCTBO WH EAEKTPOMHAYCTHIO
1000 Mobnsna, Cnosenus, ya, Xaitapuxosa 2, n.n. 285, Te/. +38614743601, ¢axc: +38614253326

BusHec npedun HAB a.a. MobasHa 02924-0012833094, UaeHTuduKauuoHeH Homep: CM11781939

MNpeBoawbT Ha BbArapcky e3vK e usebpeH ot Credan Musyes
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KOLEKTOR

MERILNI LIST TRANSFORMATORJA

KOLEKTOR ETRA d.0.0,

TRANSFORMER TEST REPORT

Narogénik: Proizvajalec; Preizkugeno po: Leto izdelave:
Pucchaser: Manufaciurer. Tesled In acordance with: | _ Year of manufacture:
(o} S
ﬁfsmm Power Systems | oLEKTOR ETRA IEC 60076 2012
x . ENERGETSKI TRANSFORMATORJ! d.o.0.
TES Slovenija
TEHNICNI PODATKI
TECHNICAL RATING
Transformator: Regulacijsko stikalo: Komandna omarlca reg. st.:
Transformer: Tap-changer. Tap-changer motor driva unit:
| RT 40000-115,5 MR - V Il 300Y MR - ED1008
Tov. 81 78947 133 5902 133 5902
St nadrta:
Diagram No.: 3447
Navitje; winding: VN - v VN - Hvy NN-LV
Stopnfa izolacije: Um (kY] |123 123 12
insulalion levek: LI/AC [KV] [550/230 550/ 230 75/28
Nazivna moé; Reted power: [kVA] {40,000 40.000
+8x1,25% o
Nazivna napetost; Rated voltage: [V | 115.500 11.000
«8x1,26%
Nazival tok; Reted current: [A] | 198,9 2.100 o
Frekvenca: Stevilo faz: Vezna skupina: Sistem hlajenja;
Frequency: No, of phages; Veclor group. Cooling method:
50 Hz 3 : YNd5 ONAN / ONAF
Skupna masa [if: Masa olja [if Tip izolacijskega olja:
Tolalwelght fi} Waight of oll ft]; Type of isolation oil:
59,0 14,1 Shell Diala §3 ZX-1

OPOMBE: ONAF - 40 MVA
NOTES: ONAN - 24 MVA

ML MR
T KOLEKTORETfiom

Shmdm\fru ca IO
10 1231 LinbHao s ST <L

AN

Prelzkusom fe prisostvoval:
The test was carded oulin presence of:

Mr, Gil Attuyer - Alstom

Mr. Benoit Lo Mintier - Alstom
Mr. Sandf Dol$ak - TES

Mr. Miro Bugeza - ELEK

INSTIIUT MILAN VIDMAR
Js'a‘&riho'.‘nrj ln;» ubliang, Slovenlja

E@%é

Pregledal: Checked by:
Ljubijana:

Cdobrilf Approvefi;

=T KOLEKTOR ETRA Energetskl transformatorji d.o.c.

T om naeg  Siandrova 10, 1001 Ljubllana, p.p. 4958, Slovenijs

& ot °}. uen” el 94386 15302 800, fax +4388 { 5307 B30, hiipismviolellor-etra. ol

KA 76347 .doof 3 0T 2012 Iy LM2050 1 » - F.5.Y 30.07.97 -Voralja 0

Mr. Miaden fgllé - E!MV]

&r1/21




KOLEKTOR

KOLEKTOR ETRA d.0.0.

MERILNI LIST TRANSFORMATORJA

TRANSFORMER TEST REPORT

Transformator. | o 40000-115,5

Transformer:

Tov, &t
Ser. No.: 78947

SPISEK MERITEV IN PREIZKUSOV
LIST OF MEASUREMENTS AND TESTS

1.0

Meritev prestavnega razmerfa
Measurement of vollage ralio

Meritev magnetilnih tokov pri 400 V, 80 Hz

&
11 No-load current at 400 V, 60 Hz =
20 Meritev ohmskih upornosti navitij M
tMeasuremen! of winding resislance
3.1 Maritev jzgub in toka praznega teka M
Measuremont of no-load loss snd no-load current
2.2 Meritev Izqub in napelosti kratkega stika M
Measurement of load loss and Impedance vollage
4.1 Preizkus z napelostjo iz tujega vira M
Separalg-source vollage withstand lest
4.2 Preizkus z inducirano napetostjo {ACSD, ACLD) E’
Induced AC wilhstand vollage lest fAGSD, ACLD)
4.3 Meritev izolaclfske upornostl E‘
feasurements of Insulatlon resislance
4.4 Merftev prebojne trdnost! izolaciiskega olja E‘
Meastrements of dlelsclric strength of Insuleling ofi
5.0 Prelzkus regufaciiskega stikafa E’
Tests on on-load lap-changer
7.0 Meritev lzgub Madilnega sistema M
Measuremen! of powar consumplion of cooling system
11,0 Meritev kapacitivnostiin tg & ' 4
Measuremenls of capacily and dissipation factor lg &
12.0 Meritev sfrasane Induktivnost! g
Meastremenis of leakage inductance
ot e &
sotind leval
15.0 Spisek elemenlov na transformatorju E’
List of elernents on lransformer
16.0 Prelzkus komandne - signaina omarice M
Tes! of control - slgnal cublcle
17.0 Funkelonalnf preizkus elementov na transformatorju E‘
Funclional lest of alemenls on lransformer
19.0 Meritve na vgrajenif tokovnih transformatorjift E
Measuremant on buill-In current bransformers
20.0 Frekvendna karakteristika transformatorja 7
- Fraquency response of transformer
Praizkus segraevanfa
21.0 Temperalure-rise fesl 5 61/12 &
22.0 Preizkus z udarno napefostio UP 100412 ﬂ

Impulse voliage lest

217

by

ELAA 'm"‘.\

b 4
E tﬂﬁ ROMST
Holdriong L1 ﬂﬂ%ﬁ% g&tﬁ
u_jf:ﬂl._l’gZﬂSOl ﬁ-ﬁ"f.s.“’ 30.07.97 - Verzia 1 {20.05.00) 5 3 2/21
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MERILNI LIST TRANSFORMATORJA
TRANSFORMER TEST REPORT

KOLEKTOR

KOLEKTOR ETRA d,0.0.

Transformator: | o 40000.118, 5

Transformer:

Tov, &t.:
Ser, No.: 78947

1.0 |VERITEV PRESTAVNEGA RAZVERJA IN VEZNE SKUPINE .0 scre1caso 5 109
* MEASURENENT OF VOLTAGE RATIO AND VECTOR GROUP

Vezng skupina: YNd5 VN - NN; HV-LY

Veclor group:
Poz. stik.: Rafunska napetost: Konstanta: lzmerjeno odstopanje; Measured deviations:
Tap pos.: Calculated voltage: GConstanl: (%) [%] [%]
U, kvl U, [kV] [/ Ui x k] 1U - 2U V-2V 1W - 2W
1 127.050 149,961 +0,05 +0,05 +0,05
2 125.606 161,685 +0,08 +0,08 +0,08
3 124.163 153,449 +0,10 +0,10 +0,10
4 122,719 155,254 0,71 40,11 +0,11
5 121.275 157,102 +0,12 +0,12 +0,12
(i 119.831 158,995 +0,13 +0,13 +0,13
7 118.388 160,934 +0,15 +0,15 +0,15
8 1186.944 162,921 +0,16 +0,16 +0,16
9 115.500 11.006 164,957 +0,18 +0,18 40,18
10 114.056 167,045 +(,22 +0,22 +0,22
11 112,613 169,187 0,24 +0,24 +0,24
12 111.169 171,384 +0,25 +0,25 +0,25
13 109.725 173,639 +0,27 +0,27 +0,27
14 108,281 175,954 +(,30 10,30 +0,30
15 106.838 178,332 +0,32 +0,32 +0,32
16 105.394 180,775 +0,33 +0,33 +0,33
17 103.950 183,286 +0,34 +0,34 +0,34
Vezna skupina:
Vaglor group:
Poz. stlk.: Radunska napetost: Konstanta: lzmerjeno odstopan|e; Measured deviations:
Tap pos.; Calcutaled voltage: . Constant: {9} [%) %]
Uy [kY) U, f&v] {Us/ Uy x K]

Merilna oprema; Measurng equipment:
- merlinfk prestavnaga razmerfa Iskea, ilp MPRT, lofnosti £0,05 %
- lums ralo metor Iskia, fypa MPRT, accurgcy 1005 %

1.1 MERITEVY MAGNETILNIH TOKOV pri 3 x 400 V, 50 Hz
‘ NO-LOAD CURRENT at 3 x 400 V, 50 Hz

Poz. stik.: Navitje: Faza A-U {mA] Faza B -V [mA] Faza C - W [mA]
Tap pos.. Windlng:  Phase A - U fmA] Phase B -V [mA] Phase C - W fmA]
9 VN - pv 5,2 2,8 5,1
- NN-LV 210 185 250
: AN\

Marllna opremas; Measuring equipmant
« univerzaln! instrurnent ta(’.‘nosf 0,59
- multimeler accuraty £ 0.6 %

i

Qi 78947.docf 33 Q7H2R012




KOLEKTOR MERILNI LIST TRANSFORMATORJA
1\ KOLEKTOREAGSS: | TRANSFORMER TEST REPORT
ranormator: Tov. &t.:
Transformer: RT 40000-115,5 Ser. No.: 78947
2.0 MERITEV OHMSKIH UPORNOSTI NAVITIJ +IEC 600761 (clause 10.2)
* MEASUREMENT OF WINDING RESISTANCE
Temperatura - Temperature §; 27 C l
VN navitie 0889008 f—vir ——|mmppy g s
. HVwindIng I [;25; 20 A 0,570a800 - > .
Poz. stik.: iU-1v 1iv-1w 10 - 1w 0,850060
Tap pos.: i 0,830000
1 0,853217 (,852210 0,853510]| 0.01000a -
2 0,842571 0,841853 0,8429671 |{ o.790000 |
3 0,833276 0,832281 0,833608| 0770000
4 0,823464| - 0,822569 0,823858}} o.750000
5 0,813318]  0,812245]  g9,873680|  __ °
& 0,803645 0,802634 0,804031]| o.650000 |~ oo gy
7 0,793220 0,792295 0,793516 (] o.470008 eiap.por
8 0,783602 0,782749 0,784058 | 5 550000 1 e d
i 9 0,770767 0,770970 0,771764|! o 00000 =~ — _’f
10 0,763506]  0,762524] _ 0,783921|| ¢ exocee e L
11 0,793898 0,792825 0,7942421| . 700000 . ™ i = .
12 0,803825 0,8029386 0,804327[f 0,270000 N -
13 0,813557 0,812386 0,813876 11 orso000 | v v ... S S
14 0,823474 0,822455 0823845y ' N Y L
15 0,833004 0,831854 0,8334721| o.550000 |- 1 s - L
16 (,843068 0,842064 0843620 0.870000 .. - - . .. =tenpes ‘ N
17 0,853151 0,851980 0,853528|| o.a50000 e
) 0,83000G O—
0,810600 - \ — JEN
§,750564 T—-— i
o,770000 | - . V/ L. .
©,750000 [T B o1 '
1 G 11 16
NN navitje
LV winding I hest 20 A I Jrest
Poz. stik.: 2U -2V 2V-2W 20 - 2W Poz. stik,:
Tep pos.: e [it)] {2 Tap pos.:
- 0,007177 0,007197 0,007199f--
Poz, stik.: Poz, stik.:
Tap pos.: [} ] 1)) Tap pos.: Jig)} _ s ]
Merlina oprema; Measuring equlpment:
- merilnik ' Ohmske upornost Tellex, tp 2283, todnasli + 0,08 %
« fesislant ler Tollex, typs 2283, acewracy £0.06 %

)

S
1 1o F.8.7 80,0757 - Vorzia 1 (29.05, ETERTROMN, Y
|7 Sy BTSRRI b, 1000 s GENARGS 4/ 21
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KOLEKTOR MERILNI LIST TRANSFORMATORJA
KOLEKTOREIRA 0. | rRANSFORMER TEST REPORT

Transformator; Tov. §t.:
Trensformer: RT 40000-115,5 Ser. No.: 78947
31 MERITEV IZGUR IN TOKA PRAZNEGA TEKA  (EC 600761 (clause 8, 10.6)
" MEASUREMENT OF NO-LOAD L OSS AND NO-LOAD CURRENT
Napatost prikijuéena; Voltage supply to: NN1/LV1 (tap pos. §) | Frekvenca; Frequency: 50 Hz .
Napetost; Vollage: | U1 | [%6] 90 100 110
Ureenas | IV 2.900) 11.000] 12,100
Ue V] 9.867| 10.934] 11.943
Tok; Current: | lpms A | fA] 1,082 1,657 3,617
lms B |fA] 1,148 1,606 3,313
lus C_|fA] 1,576]  2221] 4,297
la [A] 1,268 1,826 3,709
ty [%] 0,060{ 0,087| 0,177
Faznl kol; Phase angle:|cos o [f ] 0,86183]| 0,70497i| 0,41480i
Mer. izgube; Measur. loss:|Pre  1W] 18.682] 24.366] 31.803

(( Kor. izgubB;Ccsrrected toss: | Preq !Q] 18.754] 24.527} 32,245

| 3.2 lMERITEV.’ZGUB IN NAPETOSTI KRATKEGA STIKA <IEC 60076-1 (cause 8, 10.4)
MEASUREMENT OF LOAD LOSS AND IMPEDANCE VOLTAGE .
Temperatura; Temperature: 27 ¢ : Frekvenca; Frequency: 50 Hz
apajano - kra :
Napajano Sﬁpéﬁ‘;:{fﬂg‘r‘gﬁ}:ﬂ: wveLv | Hv-iv | Bty
Pozl¢lla stikala; Tap position; 1 9 17

Tok; Curent:|Iln _|/A] | 178,27| 199,06] 202,08
Napetost; voltege: | Uy | V] 12.912| 11.107| 8794
lzgybe; Loss: | P | /W] | 105.0201 107,790] 103.330
Preradun na nazivni fok navilja. - Galeulated at winding nominzl curent,
Mot power: |8, |[kVAT| 40.000] 40.000] 40.000
Tok; current: /s |fA] 181,8] 1999} 2222
Napetost; voltage; | Uy |{V] 13.165| 11.156] 9.668
lzgubs; Loss: [P IW] | 109,179| 108.748| 124,583
Preradun na referentno temperaturo 75 °C, — Calculated at reference temperatura 75 *C.
PR Izgube; FR1oss: [Py, |7 | 108.758] 113.567] 134.028
D.izg.; Stayloss: |Py | W] 15.993| 12357} 11.728
lzgube; Loss: {Py (/W] | 124.751( 125.924] 146.756
' Us /%] 10,36 9,66 9,30

Krat nap.:
Impedante vo!tage: Us [{%] 0,31 0,31 0,36
\( Ux |1%] 10,36 9,66 9,30
- 3 3 |REZULTATI MERITEV IZGUB e 600761 s
* RESULTS OF LOSS MEASUREMENTS
Poz.; Tap: | SafkVA] | Peo (KW] | PusfkW] | Py (kW] | Poos (KWL 1o (%] Ugss (%]
1 40,600
Garantirano: | 9 40.000{ 25,0 ¢s153| 130,0¢c15%) | 155,010%) 0,15 3o | 8,0 rero3)
Guaranleed:| 17 40,000 150,01115%
1 40,000 124,751} 149,278 10,36
Merjeno:| 9 40,000 24,627 125924 150,451 0,087 9,66
Measured: | 17 40.060 145,756] 170,283 8,30
L
Marilna oprema; Measudng equioment: I’ .y
o0sif £ 8,05 %, - power anshzer Norma, iype D60GO, Bccuracy + 0,05

v - measuring vollage transducer Tallex, sccuracy 20,1 %
f- measurng current lransformer CdC, accuracy 1 0.2 %
\ 1)
W 4
: IROIN S IUT
Horlrbova 2, 1600 oy VIPMAR
¥ gkszduiv?.ar «Yerzga § (23.05,00) ﬁ Y TFLi
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KOLEKTOR MERILNI LIST TRANSFORMATORJA
KOLEKTORETRA DO | roA NSFORMER TEST REPORT

Transformalor) RT 40000-115,5 Sor o, | 78947

Transformer:

4.1 |PREIZKUS Z IZVENICNO NAPETOSTJO IZ TUJEGAVIRA | icoasores wause 1)
* SEPARATE SOURCE AC WITHSTAND VOLTAGE TEST

Med; Between U fEVosard) f [Hz] tfs] C [pF] I; fA]
RV-LV+M 230} 50 80
LV-HAV+M 28 50 60
Marllna oprema; Measuring equipment: DPOMBA; NOTE:
- AC voitmeter Hasfely, tip DM 551, foénost! £ 0.5 % M - ozemifeni dali
~ AG voltmeler Haslely, lyps DIM 651, accuracy £ 0.8 % M - ground

42 |PREIZKUS Z INDUCIRANO NAPETOSTJO (ACSD, ACLD) |1 corsa s 10
i INDUCED OVERVOLTAGE WITHSTAND TEST (ACSD), ACLD)

4.2.1 Transformator s poino fzolaclfo VN navitja (Um <72, 5 kv - IEC 600763 (clause 7.3, 12.1)
+&« U | Transformer with uniformiy insufated HV winding (Um S 72, 5§ kV}

PoloZaj reg. stikala; Tap changer pos.: |

Napelano navite: | un gevimn; v | Ui VTN | U RV Wik | 1 IHE] tisl
Transformator z zniZano [zofacifo VN navitia G
4.2,2 Transformer with non-uniformly insulated HV winding IEG 60076-3 {clause 7.3, 12.9
PoloZal reg. stikala; Tap changer pos.: | | )
Napajano navitle; {_Un (kVI sy | Useq [KV] Mpay | Ugst (kY] viview | Uit fRVI N f [Hz] tfs]
Supply winding phass - phase phase - phase phasa - garth N - sarth
k=

Meriina oprema; Measudng equipment:

- modnosini analizator Norma, tip D6000, todnost + 0,058 %, - pover enalyzer Norma, type D6000, accuracy £0.05 %
- marini napelqsinf pretvornlk Tetlex, loSnostt 20,1 %; - measuring voltage lransducer Tellex, accuracy £ 0,1 %
- marini fokov%\transformator CdC, lodnosif + 0,2 %, - measvring current fransformer CAC, sccuracy £0,2 %

ilnik defnitpraznien Lemke, lip LDS-6; - partlal discharge instrumen! Lemke, fip LDS-8

&
L 4

rmxo YEITTUT AUTAN VIDM?
Hs 075, 1092 Ljubljona, Slm!r‘\\i’fa

[l 78947.doe 1 ¥ O7I12/2012 i L2050/ w i .87 30,07.97 - Verzla 1 {20.05.00) B 5} 6/21
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KOLEKTOR MERILNI LIST TRANSFORMATORJA
LIAN KOLEKTORETRAd0.0. | TRANSFORMER TEST REPORT
Traormator: Tov. 3k,
Transformer.| 11 40000-115,5 Ser. No. | 1 8947
423 MERITEY DELNIH PRAZNJENJ - IEG 60076-3 fotause 12)
Y |PARTIAL DISCHARGE MEASUREMENT -+ 16C 60270
Trifazno prefzkuSanfe z meritvijo deinth praznjenj
Threephasg fest with measuremen! of parifal discharges
PoloZaj reg. stikala; Tap changer pos.: |9 Napajano navitje; Supply winding: | LV | Tip prelzkusa; Test type: | ACSD
Un 123|/kV] |- najvi$la nap. opreme na VN navitu; highest vollage for equipment on HV winding
LIIAC 560 /230|/kV] i-stopnjaizolacije VN navitja; msulation tevel HV winding
Ustiv) | 230/ ¥3 = 13317k} |- IEC 60076-3, labela D.1; IEC 6076-3, table D.1
Uaiv) | 160/ v8 =921 /kV] |- IEC 60076-3, fabela D.1; IEC 6076-3, (abls D.1
UstHv) | 135/v3=78|7kV] |- IEC 600763, (1,1 x Un/ ¥3)
fum 300\ /Hz] |- napajalna frekvenca; supply frequency
Yo teait) 1001 /pC} |- kallbractiska viednost; catoration valus
f 700 - 4001 fkHz] |- merlina fegkvenca; measuring frequency
Fiiter, wide band
——— = —— —ti
Casovni Interval; U U Priktfuckl; Terminals Dovoljeno
| Tims sequence VN-tv | NN-w | A/U B/V c/w Algwad
M (kv} KV} /197 {pcl [pc] /%] /Y] BC] PG}
Osnovag molnfe: ‘ .
Background nofJ.;e: 0 0 16 14 15 <50
1min 17 45 23
A S| 195/78 13,0 19 T8 23 <100
] 1 min 18 19 24
B + 5 min 160792 16,4 33 25 75 < 300
C 20 sec| 230/133 22,0 22 34 23 e
1 min 25 21 19
5 min 19 - 23 24
D 160792 15,4 < 300
| 1 min 19 21 19
E 5 min 135/78 13,0 23 25 30 < 100
Osnovine molnje: 0 0 15
Background nolse!
A B8 ¢
.
==1C1
. lzn [T
L I 2
Simetricnl tr fazni prikiop. “Merjenje na kapacilivnem skoz.  Casovil intervall prelzkushr% napefosli T
Simetrcal thrse.phase connection. v, Olreui [thg_g_s;ﬂs. on capac. bushing. . Time sequence for apphoation of fes! yoftage. —
Merilna oprema; Measuring equioment: [ y A
- monosinf analizalor Norma, lp D ), jo8nost] £ 0,08 %; - power analyzer Norma, lyps DE0G0, acciracy 0,05 %
- matinl napelosini pratvornik ToleNTMS|581, tofnosti + 0,10 %; - measuing vollage iransducer Tettex THAS 581, accuracy 16,10 %
- moriinl tokovrit leensformator Talte. TM% 562, }énosn’ 20,71 %; - meastuing cumend transformer Tellex TMS 562, accuracy 0,11 %

- marilnlk delnih preznfen Lemke, il DSLE; - pardial discharge instrument Lemke, i 1086 ; \é

&% 76247.00¢ 1 5% OT11220T2 - F5 LA0501 w3 F.5.2 30.07.87 - Verzla 1 (20.05.00) N &gr7721
\ ELEKTROIVATITUT et
P : JAILAN VIDM!
i TR - Hajdrihora 3, 1000 w,ya.w,szoﬁ"p}ﬁ
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KOLEKTOR MERILNI LIST TRANSFORMATORJA
KOLEKTORETRA d.0.0- § 1o A NSFORMER TEST REPORT
Transformalor: Tov. &t.:
Transformer: RT 40000-115,5 Ser, No.: 78947
4.3 MERITEV IZOLACIJSKE UPORNOQOSTI +IEC 600761 (clavsa 10.1.3)
- MEASUREMENTS OF INSULATION RESISTANCE
Med; Batween R sy (MO | Rsosy M | Roessy M) Riscosy 1627 | DARIRReny | U [KVoef | t 2]

HV-LV+M 46.500 1,03 25 21
LV-HV+M 25.800 1,28 2,5 21
m. core - M 20,400 1,29 1,0 21
core clamp - M 18.300 1,23 1,0 21
Merilna oprema; Measuring equipment; OPOMBA; NOTE

- mediinik izofacijske upomosi Megger MIT 1020, lodnosti 26 % M - ozemijen deli

« fsulation reststanca melor Megger MIT 1020, accuracy £5 % M - ground

4.4 '|MERITEY PREBOJNE TRDNOSTI IZOLACIJSKEGA OLJA -IEC 158
- MEASUREMENTS QF DIELECTRIC STRENGTH OF INSULATING GIL

Tip izolacliskega olja: Razmak med iskditem preskusne naprave je 2.5 mm.
P Type oii Insolga\tloz] Jolr: Shell Dlala §3 ZX-I Dislanca betwsen gaps of off tegrerfs 2.5 mm.
Mesto odvzema: 1 2 3 4 5 6 M
Test sampte taken from: k] &V} &V RV} kv 3% kv
middle of transformer tank 78,3 83,7 73,4 76,0 79,2 757 777

Maerilna oprema; Measuring equipment;

-meriina naprava Bauer, Bp DTA-E 100;
- measwing device Bauer, type DTA-E 100

5.0 |PREIZKUS REGULACIJSKEGA STIKALA G 600764 (fauso 108
‘ TESTS ON ON-LOAD TAP-CHANGER .

8 kompletnih clklov aperaci] z nevzbujenim transformatorjem

8 completa operating cycles with the transformar ngt energlzed

1 kompleten cikel operacij z nevzbujenim transformatorjem, pri 86% pomozni napajalni napstosti

with tha tansformer un-snerglzed, and with the auxifiary voitage reduced to 85% of iis raled value, ane complete cycle of
oparallon

1 kompleten cikel operacij z vzbujenim transformatorjem v praznem teku prl nazivnl frekvenciin
¢, |nazlvni napetosti

1 completg operating cycle with transformer at rated vollage and frequency, at no-load

10 delovan] regulacijskega stikala s + 2 stopnjama regulacije z vsake strani glavnega ocdeepa, pri
d.  [&im blizjem nazivnem toku transformalorja, z enim kratko vezanim navitjem

R|R|§|N

10 tap-change operalions with +2 sleps on sither $ids of the principal tapging with as far as possible the rated current of
the transfomer, with one vinding shott-clrculted

preizkus opravilen
ﬂ test O.K,

4

QN
ELEKIROINSTITUT AMILAN VIDA
Hepdrheya , fo00 Eebliona, S?me‘:fl?a

8 L2050 I+ F.8.30.07.57 - Verzis 1{20.05.00) g>8/21




KOLEKTOR MERILNI LIST TRANSFORMATORJA
"°““‘°“““""-°"_’- TRANSFORMER TEST REPORT

” ' Tor: Tov. &t.:
A anetonnor | RT 40000-115,5 Ser. No.:| 78947

Transformet:

7.0 |MERITEV IZGUB HLADILNEGA SISTEMA
T IMEASUREMENT OF POWER CONSUMPTION OF COOLING SYSTEM

Hladilni sistem fma: 4 [ventilatorje; fans: Kiima - AVT 630
Coolfing system includes: /| Srpalki; oit pumps: ! '
/|lzmenjevales; exchanger: |/
U vy 1 /A7 PV | ffHzI U /vy I /A] Py | FHz]

M1 3x400 |[1,07 117 50

M2 3 x 400 1,08 121 50

M3 Ix400 |1,08 121 50

M4 3x400 11,04 119 50

U vy A Pwy | fiHz]
> ML.M4 [3x400 4,27 478 50

(( Merilina oprema; Measuring equipment:

- Slrokopasovni modnostnl analizator Norma, tio DE000, tacnosti +0,05 %
- Wide band power analyzer Norma, type D§000, accuracy +0,05 %

&

Hﬁ}d‘ﬁﬁv IWO UublMN\'ml,;“

Ad, b) MTI}Q

W 78347.dot [ 85 071202012 ¥ Lm2050/ xr F.8.7 30.07.97 - Verzia 1{29.05.00) g,b 9721




KOLEKTOR MERILNI LIST TRANSFORMATORJA
KOLEKTORETRAd.0o. | 1o A NSFORMER TEST REPORT

) rnsormator: Tov. §t.:
Transformer: RT 40000-115,5 Ser. No.: 78947
11.0|MERITEV KAPAGITIVNOSTI IN tg 6 600761 (shase 10.4)
Y| MEASUREMENTS OF CAPACITY AND DISSIPATION FACTOR tg 8
vezava U pos, | N Ry Rs Cy Cy tg 8
connection gvi| (-1 ¢ [of feaf ke | Rl pri %]
1 HV-LV+M 10 i 0 3,52 /K| 0,1801 8.044] 0,180
2 LV~-HV+M 10 i @ 1,70 1/K| 01901 18,726 0,190
3
4
5
6
7
8
1
2
3
4
5
6
7
8
Teslnl pogoll; Test candition:
Cy: 100,01 pF | t: 21°C | 3 kPa |
) | }
Formule za 1zradun; Formulas for equation; OPOMBA; NOTE
post— (g8« R *w*Ca*100 (%] [C, o uF M - ozemijen] delf
Cy=Cy*R /KR 7] ¥ ! [o] [4 g 1 M - ground
' posti> (gF=0.01*C, *100 (%]  [C, - pF]
Merlina oprema; Measuiing equipment:
- Schering most lip 2801, po vezavl 1a
- Schering Bridag fype 2801, Arrangement fa
12.0 MERITEV STRESANE INDUKTIVNOST!
Y| MEASUREMENTS OF LEAKAGE INDUCTANCE
vezava { pos, Ry R, Ryext R, C, Lx A
connestion FAT ] (- 1) 3] Jivl) 137 Jite7] fuf] fmH] o)
1104V f2u2ve2vp 0,4 | 10.000 5,0 - 127,01 04839 24,20 0,373
2| 1v-1W U2 2vg 0.4 1l 10.000 5,0 -l 183,51 048131 24,07] -0,166
3| 1UTW eurave2ivg 9,4 Il 10.000 5,0 -l 132,2] 0,4811 24,08 -0,207
4
5
6
7
8
g
Testnl pogojl; Test condition:
poz. stikala; tap rarge: 9 | {..) navitje kratko sklenjeno; winding shar clrcult
Formule za izradun; Formulas for equation:
L= R*R*C, [H] B = (U 100 Ly + Ly + Ly 13D 100 [%]
Merilna oprema; Measuring equipment N
- Schering mosl tig 2801, po vezavi 2¢ S v
- Schering Bridge lypd 2801, Arangement 2¢ ‘éb
- \ ‘6"’_,‘-!"‘"' N J
G 76%47.doc ] T Q11272012 s Erd I{:\Z\JSO Ia% F.3.°30.07.97 - Verz3a 1 (20.05.00) SHAMTUT A&m{&j

HaJdrthova 7, 1960 Lubliana, Slovenifa
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KOLEKTOR

KOLEKTOR ETRA d.g.o.

MERILNI LIST TRANSFORMATORJA
TRANSFORMER TEST REPORT

Transformator: RT 40000-115,8

Transformer:

Tov. §t.
Ssar. No.: 78047

13.1

MERITEV NIVOJA HRUPA - Metoda zvoénega tlaka
MEASUREMENT OF SOQUND LEVEL - Sound pressura method

-1EC §0076-10

pri nazivni napetosti, ONAN, razdalfa 0,3 m; at nominal voitage, ONAN, distance 0.3 m

s frowe e

RSO

Napajano; Poz. stikala: Frekvenca:
Supply: d Tap range; 9 Freqguency: 50 Hz
okol. fransformator okol. {ransformalor okol, transfarmalor
amb. transformer amb. transformer amb., transformer
- 143 213 : 1/3 283 73|23
Lo | Low | 1L || [Loa| Lo [ Loy | Lo | Lon 1 | bam |
4B | B dBray dBiay | dBiay dB AdBray | UB) dBa)
1 51,8 53,0 14 57,4 48,8 27
2 §0.4 53,2 15 60,6 52,7 28
3 51,4 56,6 16 55,1 51,6 28
4 57,2 §5,0 17 51,9 52,1 30
5 - §7,3 54,8 18 55,1 81,1 31
8 58,8 65,8 18 53,6 49,9 32
7 57,5 50,3 20 33
8 54,1 52,8 21 34
9 50,6 52,6 22 35
10 $3,6 60,4 23 36
11 56,6 58,1 24 37
12 51,3 55,0 25 38
13 52,3 50,3 26 39
Povpreéna Remerjena kvadratna vrednos! .
Quad?allc mean suumg level LpAO 56,0 dB(A) Formule za izraéun,
Povpre&na lzmerjena vradnost okolice Formulas for equation:
Aver;;;elavelofbackground nolse ngA 30 dB(A) w 0t
Sradnil akustignl dusiini kolficlent o
Averagg acustis absorplion coefficlent o 0,36 Lpao =10 [g{”ﬁ 210 ]
Skupna povrdina testnega prostora 4650 2 t=l
Total area of the surface of the lest room 8, m y sg
Popravek zaradl vpliva prostora (< 7 68 =Sa Ty
Envgonmanla! wrrectYo‘: (<7 EB) ¢ ) K 06| o8
Popravek zaradl vpliva osnovnega hrupa
_E_J_a_gi'zgmund certection P s P 00| da(A) K=1log,ll1+ %
Kor. A-uteina povp. raven zvoénega tlaka
Corrected A-walghted sound pressure levea! LP*\ 64,4 dB(A) §
Garant. A-uteZna povp. raven zvodnega tlaka
| Guaranteed A-walghtedpsouﬁd pressuro foval 8 LpA x72| dB(A) L. =101 I_I 0ty _ 100'”""*J~K
Merlina razdalja 0.3 o =1VIE
Measurement distance X ’ m _ .
Dolina meriine linlje 19 Lya = Lps +10%log, S
Length of the presgsibed contour In m
Vidina transformatorskega kotla h 27
{Height of tho tansformer Lank il I §=125xhxi —0.3m
Ekvivalentna povriina 641 m? "
Asea of the effectiva surface S ' m S = (1I+ 2))(1 S
A-utedna raven zvoine moéi 725 o
A-welghted sound power lovel Lwa ! dB(A) $= (h + l)x L —>lm
Garant. A-uteZna raven zvoéne mo&i N dB(A i
Guaranteed A-welghted sound power lavel WA - (A)
Merilng tofke; Measuring polnts: | Opomba: Note:
......... AL, {1)231 ™, jo€ke) m g Irafp: 6/48 KV
; . il
X=0NAN 03m
ONAF 2,0m
AN 1om
Merling oprema; Measudng equipment:
- merilnik Suma BAK, Hip 2260; kaltbrator B&K, tip 4331, oslti £0,30 d8
- meastinng instrumant BEK, type 2250; calibrator BEK, lyps 4311, ateuracyt 0,30 d8
O 78547.000 1 B O7IWR01Z B Ama0a 47 F.y. S0.07 §7 - Varcia 1 (29.05.00]
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KOLEKTOR MERILNI LIST TRANSFORMATORJA
KOLEKTORETRAd0o- | TRANSFORMER TEST REPORT
Transtormator: Tov. §t.:
Transformer. | T 40000-115,5 Ser, No.i| 78947
13.2 MERITEV NIVOJA HRUFPA - Metoda zvofnega tlaka IEC 6007640
3 MEASUREMENT OF SQUND LEVEL - Sound pressura method
pri nazivni napetosti, ONAF, razdalja 2 m; at nominal voltage, ONAF, distance 2m
Napajano: Poz. stikala: Frekvenca:
pSuppIy Lvi Tap range; 9 Frequency; 50 Hz
okol. transformator okel. transformator okol. transformator
amb. iransformer amb, ransformer amb, ransformer
173 23 ] 18 23 R 18 23
Lo | Low | | Low | Lo | Lo boaw | | {bew | Lew | f Low |
@Biay | dBy dBuy dBiay| dBen dBu dBy | dBp) By
1 60,7 61,4 14 62,4 63,6 27 62,6 61,4
2 60,8 61,7 15 62,0 63,8 28 62,3 61,2
3 67,8 61,7 18 62,0 62,6 29 61,2 60,1
4 61,3 62,7 17 62,3 63,3 30
5 61,8 61,3 18 61,7 62,8 31
& 62,3 62,1 19 61,3 62,2 32
7 61,3 62,8 20 61,8 61,6 33
8 62,1 63,4 21 61,8 62,7 34
9 62,5 62,1 22 62,0 62,9 35
10 61,5 61,7 23 623 63,2 36
i1 61,5 60,7 24 62,1 62,7 37
12 614 62,3 25 61,4 62,1 38
13 62,2 63,5 26 62,1 61,4 39
Povpra&na lzmerjena kvadratna vradnost 621 F I lzragun:
Quadralle mean sound lgvel LpAo i dB( A) ormule za izrasun;
Povpreéna izmerjena vrednost okolic Fermulas for equation;
A\'erapge lavel of backg’round nolse ° ° thA 30 dB(A) o " 0k,
Srednji akustitént dusiini koificlent "
Averagg acoustic :bso:pl’m coamcieit o 0’ 35 =10 lg{ Z 10 }
Skupna povrdina tesinega prostora N
To!aigrea E( the suaca of me?esieoom Sy 4660| m* y rg
Popravek zaradi vpliva prostora (< 7 dB =a
En\til:onmen!al co:recl!og (s7 gB) ¢ ) K 1" 3 aB Y
Popravek zaradi vpliva osnovnega h
B:(:Enmundcorrecﬂon F cgaThen 0,0 dB(A) K =10log,, l+7
Kor. A-uteZna povp. raven zvo&nega tlaka
Corrected A-welghted sound pressure level LPA 60,8 dB(A) §
Garant. A-uteZna povp, raven zvoinega tlaka
Guaranteed A welghtedpsound { prassure level 4 Lpa s72] dB(A) L. =101 [l Qe 1 OOJL“”J I'e
Meriing razdalja 20 pa =1UVIE - -
Measurement distance X Y m -
Dolzina meilng linlje / 20 Lys =L, +10*l0g,,S
Length of the preserilied contour m m
Visina transformatorskega kotla h 27
Helght of ls transformer lank ! m S =125xhx] = 0.30:
Ekvivalentna povrina 136.3 2 ’ “
Area of tha effeclive surface 5 ! m -
rea of 8 ofi - H(h+2)x1m = 2m
A-uteZna raven zvoéne moti 822
A-welghted sound power level Lwa ! dB(A) S= (h+ [)xi - b
Garant. A-utezna raven zvo&ne mo#l "
Guaranteed Awelghied sound power lovel L -] dB(A)

Opomba; Note;

Merllne todke: Measuing polnis: i
» . 1.2,3, .. m. todke: mpoits

D=1m

X=0NAN 03m

ONAF 20m

AN 19m

trafo: 6/48 kV

Merlina oprema; Measuring equipment:.

- maasurng Instrument BSK, typa 2.

- meriinfk 3uma B&K, tip 2250; ‘f\l;ralor BE&K, lip 4331, lodnostf £ 0,30 08
alibralor BEK, ivpe 4331, acevracy £0,30 08

1

i 78347 doo ! 8 OTH 212082

o \m2050 /5. F.8.730.07.67 - Verzia 1 (29.05.00)
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KOLEKTOR MERILNI LIST TRANSFORMATORJA
KOUKTORETRAdoo. | 7oA NSFORMER TEST REPORT
. Transformator: Tov, 8.
Transformer: RT 40000-115,5 Ser. No.: 78947
15.0 SPISEK ELEMENTOV NA TRANSFORMATORJU
"YILIST OF ELEMENTS ON TRANSFORMER
Oznaka Tip Tov. &t Opembe
Label Type Ser, No, Notes
Skoznik
1 Bushing 1N ABB - GOB 650 25006003/02
1w 25006003/04
2 |Skoznk v ABB - GOB 650 25006003/03
Bushing 1w 25006003/01
Komandna omatrica
3 Control cublcle BOO Rittal ~ AE1016
4 |Plinski rele Bo1 Coment - BR 80 051587
as relay
Za&&itni rele req. stikala
s Proleclive relay O.%.TLC. Boz MR~ RS 2001
Kazalo olja za transformator .
6 Oll level indicator for transformer B03 Comem - LB22
Kazalo olja za reg. stikalo
7 [iltevel rndjicalor for%.L.T_C. Bo4 Comenm - LB22
Termicna slika - VN e
8 Winding temp, Indicator « HY B05 AR Kihlstrom - 35 140380-9 | 75/80/113/118°C o fﬁﬁ
Kontaktni termometer 2
) Oif tlermperature Indicator BO6 AB Kihistrom - 34 354487-3 | 50/60/95/100°C
Uporovnl termometer
10 Rt?sistanceihermomeler 509 Elplast - Pt 100
Uporovant termometer
11 Reslstance thermomster B10 Elplast - Pt 100
Varnostni vantil
12 Prassure rellef valve 807 Comen - 126.
Zastitnl rela reg. stikala
13 Proteclive relay O.L.T.C. B0s | Comem - 50T .
Tokovni transformator . . i
14 Cutrent transformar crt 250/2A; 10 VA 122718001 | C13; Fsb intv
122719001 In 10
Tokovnl transformaltor .
15 Gurrent transformer CT11.13 | 250/1A; 30 VA %;}'gggg 5Pz0 g: ;L
122719004 n 1y
Tokovnl transformator .
16 Cuttent liansformer CT14..16 | 250/1A; 30 VA ;‘gg;zgggg 5P20 ;:: m
Tokowni iransformator . 122719007
17 Gurten! transformer CT17,18 |250/1A; 30 VA 123710008 | FP20 In 1M
122718002 In iU
Tokovni transformator R .
18 Current fransformer CT19..21 |250/2A; 10 VA Eg;;gggg Cl 3; Fs5 m m
Menitor plina In viage v olju .
19 Fault gas and molslura?n oil mc]m[lor GE Power System - Hydran | 1202418848
20
16.0 PREIZKUS KOMANDNE - SIGNALNE OMARICE i
" | TEST OF CONTROL - SIGNAL CUBICLE
Efement! so prelzkuSeni na osnovl nadrta (na vratlh omarics).
@‘ The functional tes! has been performed according to the draving {on cublcle door). 74 prefzkus opravijen
Prefzkus o#ldenja z izmenicno napselostfo 2 kV v trajanfu 60 sek. test O.K,
Auxilliary wiring insulalion fes{ by 2 KV in durallon 60 5
17.0 FUNKCIONALNI PREIZKUS ELEMENTOV NA TRANSF.
Y FUNCTIONAL TEST OF ELEMENTS ON TRANSFORMER
g Element! so preizkudenl na osnovi ngtirta (na vratih omarics), = preizkus opravijen
The functional lest has been performad acco?d to fhe drawing (on cubicle door), X lest O.K.

I L

> Y2050 w4 1F.5.¥ 30.07.97 - Verzia 1 {20.05.00) E:_ 4 g}. 13/21
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KOLEKTOR MERILN! LIST TRANSFORMATORJA
KOLEKTORETRA Do | TRANSFORMER TEST REPORT

‘ Transformator: Tov. 3t
Transformaer; RT 40000-115,5 Ser. No.: 78947

19.0 MERITVE NA VGRAJENIH TOKOVNIH TRANSFORMATORJIH |
"~ |MEASUREMENT ON BUILT-IN CURRENT TRANSFORMERS

Podatki; Ratings: Magnetilna krivulja; Excitation curve: §1- 32

T

Tov. 8tevilka; Ser. No.: | see 15.0-list of el. on transf. 00 o
Razmerje; Rallo: | 250/2 A :

Mod; Power: | 10 VA 0

Klasa; Class: [ 3 200 {=
Fs|8

Int. oznaka; Int. designation: |CTT >0

Montiran v; Mountad in:| 7V 100

Sponke: Teannals: | P1-P2/ §1-82

5.0

Meritve in preizkusl: Measurements and fests:

R /12 |0,429 00 £

Riso (sf 1000VDC) fM(2): | 56.200 ® sw e e e
k1125

Polariteta; Polasity: { 0.K, mA 20 50 100 500 2000

v - - 7 18 24

Podatki; Ratings: Magnetilna krivulja; Excitation curve: S1- 82

Tov. $evilka; Ser. No.:

Razmerje! Ratlo:

Mog; Power:

Klasa; Class:

Fs

Int, oznaka; Int, designation:}

Montiran v; Mounted in:{

Sponke: Terminats:

Meritve in prefzkusi: Measurements and fests:

R [£2}

... Rign fat 1000vog) (MQL|
k N

Polariteta; Poterity: mA 20 50 100 500 2000

v -

Podatki; Ratings: Magnetiina krivulja; Excltation curve: 81 - 82

Tov, 8tevilka; Ser. No.:

Razmerle; Ratlo:
Moé&; Power;

Klasa; Ciass:

Fs

Int. oznaka: Int. deslgnation:

Montiran v; Mounted [a;
Sponke: Terminals:

Meritve in prelzkusi: tteasurenents and tosis:

R Q7

Rigo (at 1000vDC) M)
k:

Polariteta; Polarity: mA 20 50 100 500 2000

v -

Vsa menifve in pralzkust 5o opravijen] na sponkah v prikljuéni omarici!
Afl measursitents and lests are carded owl al farminals i (he lerminal cublcla,

Merilna oprema; Maasuring squipngnt:

- merinik prast, razmeria\daefely, R 2795, tocnoshl 40,2 %; - ransfarer lums relio meler Hagfely, type TIR.2795, sccuracy 202 %

- moénosinl analizdtorNorma, tipOG000, (0&nosl £ 0,08 7%, -power anshyzer Norma, type DS00G, aceoracy 20,05 5%
- mediinlk ohmske st Rayted(, tip Micro Junior 2, todnosti + 0,1 %; - resistance meler Raylech, type MicgoJunior 2, acourecy £ 0.1 %
: \
A\ Y

oy 76347, doc i £ 071122012
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KOLEKTOR MERILNI LIST TRANSFORMATORJA

KOLEKTOREIRA e | TRANSFORMER TEST REPORT

mator: Y
Transtosmer | KT 40000-115,5 i1 78947

19,0|MERITVE NA VGRAJENIH TOKOVNIH TRANSFORMATORJIH |_
) MEASUREMEN T ON BUILT-IN CURRENT TRANSFORMERS

. Podatkl: Ratings: . Magnetiina krivulja; Excitation curve; $1- 82
Tov. $teviika: Ser. No.; | see 15.0 - lIst of el. on fransf. 2% -
Rezmetje; Ratie: | 250/1 A 1
Mo€; Power: | 30 VA 2o
Klasa; Class: | 5P20
FS 15 §-
Int. oznaka, Int, deslgnation: | CT71 e o b
Montiran v; Mounted 3 {78/~ :
Sponke: Temninals: | P1-P2 / §1-82 s
Martve in prelzkisi: Measurements and tests:
R /2710926 o oE
Rigo {at 1000vDC} {Me2): 140.100
k:|250
Polarlteta; Petariy: | O.K, mA 20 50 100 500 2000
. v 18 51 24 145 200
Podatkl, Rarfngs Magnetiina krivilla; Excitation curva: S1-352
Tov‘ Stevilka; Seor. No.: | see 15.0 - list of el on transf, 250 pamiiee e i
Razmerje; Ratio: | 250/1 A BESS
Mog&; Power; | 30 VA 20
Klasa; Glass: { 5P20
FS ) 150 g
Int. oznaka, int. designation::|fCT12 > o k
Montiran v; Mousted in: | 1V o
Sponke: Termlnals; | P1-P2 / §1-82 50
Metitve in prefzkusi: teasuréments and fosts:
R /1| 0,916 ‘ 0+ .
Riso (at 1000V0C) (M) | 35,200 ? e
- . kij250 _ .
_ Polariteta; Polarity: | O.K, ma 20 50 100 500 2000
L \J 18 51 94 145 200
Podatki Raﬂngs. Magneﬁlna knvulja, Excitation curves 31 52

Tov, §{evf|ka, Sar, No.: | see 15.0 » list of al. on transt,
Razmeijs; Ralle: | 250/1 A
Mod; power: | 30 VA
Klasa; Class: |5P20
Fs '
Int, oznaka; Int. designation; | G713 - . >
Mantiran V; Mounted in: | 1WY
Sponke: Terminals: | P1-P2 / $1-82
Meritve in prélzkusi: Measurements and tests:
] R /Ari10913
R;m(at 1ogevoc) (M) 36,600
k:1250 s ) e
Polariteta: Polarily: 0.K. ) mA 20 50 100 500 2000
\'4 18 511 54 148 200

Vse mertva In prelzkust so oprav!jenl na sponkah v pﬂk!{u&nl omaricﬂ
AR méasuremanis end losts are carred oul al frmbnals [ Hie,fdiminal cubicl

Merlina oprerma; Measuring equipment; )
- modnostnt enalizator Norma, tip Daooo toé qsff.f 0 05 %

| - ariinik prést, razmoifa Hasfs%ﬂg TTR

@ 169470081 B QTNI2IZ0T2

if
- power analyzerNoama, fypeDGOOO ‘ateuracy £ 0,05 %
sﬂ' 20,1 %; - esistance me!erRay!edr fype Mkro Junkyr 2, eoou.racyio 1%
2795, tolnoslil¢ 0,2 %; - ransformer lums rtio meler Haolaly, R

. /
| FB5¥30.07.87 - Verzia 1 (2005.00)

G 15721
4
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KOLEKTOR

KOLEKTOR ETRA d.0.0.

MERILNI LIST TRANSFORMATORJA

TRANSFORMER TEST REPORT

Transforimator:
mnsfoﬁne[,_IRT 40000-115,5

19.0 MERITVE NA VGRAJENIH TOKOVNIH TRANSFORMATORJIH |
"~ | MEASUREMENT ON BUILT-IN CURRENT TRANSFORMERS

_

Tov. &t
Ser, No.

| 78047

Podatkl; Ratings:

Tov. $tevilka; ser. No.:

se0 15.0 - st of 6l. on transf,

Razmerje; Ratio:

250/1 A

Mod; Power:

16 VA

Klasa; Class:

5P20

Fs

Int. oznaka, int. designation:

cri4 __ .

Montiran v, Mounted in:

U

Sponke: Termlnals:

P1-P2/81-82

Meritve in prefzhusi:

ffeasuremonts and fesis:

R AL

0,928

27.900

Risq fat 1600VDG) (ML

4

ki 250

250

200

Magnetiina krivulfa; Excitation curve; 51- 52

Polariteta; polarity:

0.K.

mA

20

50

100

500

e

2000

v

18

51

94

145

200

! Podatkl; Ratings:

Magnetlina krivulia; Exeltation curve: 51 52

Tov. Stevilka; Ser, No.;

sog 16.0+ list of el on transf.

Razmerje; Ratio:

2501 A

Moé; Power:

10 VA

Klasa; Class:

§P20

Fs

Int. oznaks; int. designation:

Cri1s__ .

Montiran v; Meunted In:

v

Sponke: Termlinals:

P1-P2/$1-82

Meritve In preizkusi;

Moasuremenis and tosts:

R fe2p

0,921

Riso (af 1000voc) (ML,

29.900

ki

250

%0

el

14
=

L]

58

L]

Polaritela; Polarity:

O.K.

mA

50

100

500

2000

v

51

94

146

200

| Podatki; Ratings:

Magnetilna krivulfa; Excitation curve; 51-52

Tov, §tevilka; Ser. No.:

sao 15.0 « list of ol, on transft.

Razmerjs; Ratlo:

250/1 A

Mo Power:

10 va

Klasa; Class:

5P20

Fs

| [nt. oznaka; Int, designalion:

Crie

MMontiran v; Mounted In;

1w

Sponke: Terminals:

P1-P2/81-52

Meritve in preizkusl:

HMeasurements and tosis:

R /a7

0,910

Riso (et 1000vDC) [Me2):

30,100

kt

260

W0

finil

Polariteta; Polarity:

O.K.

mA

§0

500

2000

v

&1

145

200

Vse menitye In preizkus! so opravifen! na sponkah v prikijué
Al measursments and lests ara carmad gul al ferminals in the terminal cubicly.,

il omaricl!

Merilng oprema; Measurng eduipment:

= merilnfk ohmske upomost

- modnostnl enalizalor Norm%yp DEO0O, {(’.‘nosﬂ +0,05%; -

power analyzer Norma, typs D00, accurgcy 20,05 %
ech, tip Micro Junlor 2, todnost +0,1 %; - resistance mater Raytech, lype Micro Junlor 2, accuracy 20,1 %
- morinik prest. rezmerfa Haelely, tip TTR ©795, lofnostl £ 0,2 %; - translormer turns ralio meler Maslely, type TTR 2765, accuragy £0,2 %

Grl 79947 .doc? ¥ O7/52/2012

A\

0501k F.9.° 20.07.97 - Verzia 1 (20.05.00)
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KOLEKTOR MERILNI LIST TRANSFORMATORJA
i KOLEKTOR ETRAd.0.0. ¥ TRANSFORMER TEST REPORT
Transformator: Tov. &t .
“Transformer: | R 7 40000-115,5 _Ser, No.: 78947
19.0 MERITVE NA VGRAJENIH TOKOVNIH TRANSFORMATORJIH l
‘T I|MEASUREMENT ON BUILT-IN CURRENT TRANSFORMERS
: Podatki; Ratings: Magnetiina krivulla; Excitation curve: 81- 52
Tov. Stevitka: Ser, No,; | see 15.0 - list of el. on transf. 250 12
Razmerje; Ratio; | 250/1 A .
MogG; Pawer: | 30 VA 20
Klasa; Class: | 5P20 '
FS 19
Ink, oznaka; int. designation: |CT17 ” o b
Montiran v; Mounted in: [ TN e 1
Sponke: Terminals: { P{-P2/51-82 s0
Meritve In prefzkusl; tleasurements and fests:
R /027 [ 0,904 e
| Riso (at 1060vDC) [MOJ: 134,400
ki1250
Polaritela; potarity: | 0.K. mA 20 50 100 500 2000
vV 18 51 94 145 200
Podatki: Ratings: Magnetiina krivilfa; Excltation curve: 81 - 52
Tov. &tevilka: Ser. No.; | see 15.0- lisl of el on fransf. 250
Razmerje; Ratlo: | 250/1 A
Mo, Pover | 30 VA . 200
Klasa; Class: | 5P20
Fs 1%
Int. oznaka, int. designation: |CTI8 > o
Montiran v, Mounted In; | 1N e
Sponke: Terminals: | P1-P2 / §7-S2 50
Merttve in prelzkusi: Measuremants and tests:
R 02710909 o
Riso (et 1000vDe) (MO 1 37.500 '
k: {250
Polariteta; Polatity: | 0.K. méA 20 50 100 500 2000
\ 18 51 94 145 200
Podathl; Ratings: Magnetiina krivulfa; Excitation curve: $1-§2
Tov. §tevilka; ser. No.:
Razmerjg; Ratio:
Maoé; Power:
Klasa; Class:
Fs
Int. oznaka; Int designation:|
Montiren v; Mounted In: R
Sponke; Teminals:
Meritve in prelzkusi: Measuroments and lests:
R fa}
|___Riso (at 1000voc) [MEL
K
Polarilgta; Polarily: mA 20 50 100 500 2000
Y .
Vise merifve In preizkusl so opravijen! na sponkah v prikifucni omaricl!
Al measuremants and tesls aro caniea,oul 2l terminals in the fsminal cubkl,
Merilna oprema; Measuring gobipment;
- modnosini analizalor Notrma, lip PE000, lodnost 0,08 %; - power anzlyzer Norma, lyps D000, sccurasy + 0,05 %
- merilnik ohmsko upon{igﬁ?ay(- oh, Up Micro Jurior 2, todnostl 2 0,1 9, - rasislance meler Rayléch, typa Mior Junkor 2, accuracy 20,15
- meriink prést. razne efalyl tin TTR 2795, lodnost! +0.2 %; - ansformer turag ratfo meter Haeloly, lypg TTR 2795, accuracy £ 0,2 %

]

Tr 7asar.m:s?oy_1w13 N BF Lm20501 = F.8.5 30.07.97  Verdija 1 (26.05.00) Ep \W > 17721
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KOLEKTOR MERILNI LIST TRANSFORMATORJA
KOLEKTORETRAdoo. | roANSFORMER TEST REPORT

Transformator; Tov. §t.:
| s RT 40000-115,5 | S ios 78947
19.0 MERITVE NA VGRAJENIH TOKOVNIH TRANSFORMATORJIH |
"7 |MEASUREMENT ON BUILT-IN CURRENT TRANSFORMERS
Podathl; Ralings: Magnetiina krivulfa; Excitation curve: $1- 52
Tov. &tevilka: Ser, No,: | see 15.0- listof el, on lransf 2
Razmerje; Ratlo: [ 250/2 A
Mo&; Power: | 10 VA 2
Klasa; Class: |3 20
Fs|$
Int. oznaka; Int. designation: | CT19 . ) =
Montiran v, Mounted in: | 1U L 1
Sponke: Terminals: | P1-P2/ 51-82
Meritve In prejzkusi: Measurements and tests:
R f€2710,387 ¢
___Rugn (at 1000vDC) (MI]:| 28,300
ki|125
Polariteta; Polarity: | 0.K. mA 20 50 100 500 2000
) - - 5 9 24

Podatki; Ratings: Magnetiina krivulfa; Excltation curve: S1- 82

Tov. $tevilka; Ser. No.: | 5¢@ 15,0~ llst of el. on transf, 30 v

Razmerje; Ratio: [ 250/2 A .

Mo&; Power: | 10 VA %

Klasa; Class: | 3 20

Fs|5

Int, oznaka; Int, designation: |CT20 =

Montlran v; Mountedin: |1V 10 =

Sponke: Terminals: | P1-P2/ §1-82

Merltve In prolzkusi: Measurements and fests:

R /270,378 o

__Riso (at 1000vDe) (M) 27,100
k:112§

16

¢ 50 100 IR0 200

Polariteta; Polarily: { C.K. maA 20 50 100 500 2000

\ - - 5 9 24

] Podatki; Ratings: Magnetlina krivulfa; Excitation curve; S1 - 52
Tov. 8levilka: ser. No.: | 5ee 15.0 - list of el. on fransk.

W
Razmerje; Rallo: [ 250/2 A :

Mot; Power: | 10 VA 26
Klasg; Class: | 2 »
Fs|5
Int, oznaka; int, deslgnation: | CT21 - > 1
Montiran v; Mounled in: | TW - w0

Sponke: Terminals: | PT-P2 /| 81-82~
Maritve In prelzkusi: Measurements and tests:
R /210,365 ¢
Risq (at 1660v0C) (M| 26.600
k:[ 725
Polaritets; polarly: | 0.4 mA 20 50 100 500 2000

V' - - 5 9 24
Vse merilva In preizkusl so opravijeni na sponkeh v prikijuéni omaricil
Al measurements and les!s are camiad ol al ferminals In the tarminal cubicte,
Meriina oprema; Measuring equlpment;
- moénostnl analizator Nomma, Hp D000, lodnosl + 0,08 %; - power analyzer Norma, lyps DEGOG, accuracy £ 0,05 %
~ manlnik ohmske yupomosli Raylech, tlp Micra Junfor 2, lodnosll £ 0,1 %; - reslstance meter Raylech, type Micra Junlor 2, accuracy £ 0,1 %
- merilnlk prest, razierfa Hasfaly, lip YTR 2794, lodnostl £ 0,2 %,; - transfomer lvms rath meler Haelely, type TTR 2795 acouracy +02%

RN
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KOLEKTOR

KOLEKTOR ETRA d.o.0.

MERILNI LIST TRANSFORMATORJA

TRANSFORMER TEST REPORT

Transformer:

Transiormalor: | o 40000.1185, 5

Tov. &t.:
Ser, No.! 78947

20.0 FREKVENCNA KARAKTERISTIKA TRANSFORMATORJA
"~ | FREQUENCY RESPONSE OF TRANSFORMER

201 |Faza; Phass; IfU

| Frekvenca; Frequency: | 20 Hz - 2 MH2

Napajano; Supply:l TU-1IN

Pozlcija stikala; Tap pos.:|1 ' Temperatura; Temperature: {21 °C

NN navitje:
LV vinding: | 0Pt / open

TN navitje:{_.
TV winding:

Bl

<%

10,000
fraquency ]

10.002.00%

Before all measuraments and testsl

uq<}—”§©

o

Merilna oprema; Maasuring-squipmant:

Irekvenéinl anallzaldr Tetted, tip FRA §310;

- frequency snalyzer Tgui. ZL{!

tyie FRA 5310

Hﬂli'ﬁ' k97, 1000 (ap

e T8847.doc 35 071122012

£ Lm2050/ »u - F.8.° 3007.97 - VerzTa 1 (29.05.00)

B> 197 21




KOLEKTOR MERILNI LIST TRANSFORMATORJA

KOLEKTORFIRAGSS § TRANSFORMER TEST REPORT

- Transformator: Tov. §t.:
Transformer,| BT 40000-115,5 Ser. No..| 18947

20.0 FREKVENGNA KARAKTERISTIKA TRANSFORMATORJA
"~ |FREQUENCY RESPONSE OF TRANSFORMER)

202 |Faza; phase: 11V | Frekvenca; Frequency: | 20 Hz - 2 MHz
Napajano; Supply: | V- 1N | Pozicija stikala; Tap pos.: J 1 , Temperalura; Temperature; [ 27 °C
NN navifje: TN navitje:
LVvdnd!?_lg: odprto / open Tlendhﬂg:

ks vty 1400000 RO
Frtgataey B

Before 2l measurements and tests!

u1I<]'—H§D

o

Merlina oprema; Measuring equipment:

- frefivenéni enalizator Teltex, tip FRA 5310;
- frequency analyzerJellex, lype FRA 5310 s

£} @f}; 4

ELEKTROMMATITUL MUIAN\IRMAT
Hapdrthoya 7, 1000 Ljubifens, Eevern=
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KOLEKTOR MERILNI LIST TRANSFORMATORJA
KOLEKTOR ETRAdeo. | yRANSFORMER TEST REPORT

Transformator: RT 40000-115,5 Tov. st 78947

Transformer, Ser. No.:

20.0 FREKVENCNA KARAKTERISTIKA TRANSFORMATORJA
‘ "~ |FREQUENCY RESPONSE OF TRANSFORMER

0.3 I Faza; Phase: | 1W | Frekvenca, Frequency: | 20 Hz - 2 MHz
Napajano; Suppty:|1W- N [ Pozicija stikala; Tap pos.:] 1 | Temperatura; Temperature: |27 °C
NN navitje: TN navitje:

LV winging: | 00PIt0 / open TVwindl#g:

-n
Rt
»
a8
k]

(« i,
if:

]
%)
£5
Eel
75|
&)
44
b 1%) 1600 T e 108,003 = W
Fraquancy ]
Before all measurements and ests!
u1fq_
X H X
( ( j 12
i)
Merilna oprema; Measuring equipment; /]
« frekvenéni analizator Teltex, tip FRA 5310;
- frequency analyzar Tellex, lype FRA 4310
e ELEKTRO, .-_'.::
TR, Hﬂﬁ%ﬂ{gﬁ%{'zbf gt

W 76947 doc1 35> 0771212652 E Len2050 1550 F.5.530.07.97 - VerzTa 1 (20.05.00) g} 21721
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21.0 |PREIZKUS SEGREVANJA; TEMPERATURE-RISE TEST

21.1 | Tehniéni podatki; Technical data:

Transformator tip: Tovarnigka &t.: St. nadria,:

Transformer lype: P RT 20000-110 Serlal No.: _742 73 Draw, No,: 2966
VN-navilje NN-navitje Vezalna skupina: YNd5
Hy-vinding Lvwinding Connsctlon symbol:

Nazivha mo&: Frekvenca:

Rated povier: Pq [KVA] 20000 20000 Frequancy: 50 Hz

Nazlvna napetost; Stevilo faz:

Rated voltege: Un [kV] 710 6.3 No, of phases: 3

Nazivni tok:

Raled current: h (Al 105.0 1832.9

Hladilni medij: Tip hiajenja; St. vent, f &palk:

Disleclric typa: Nyrm 10X Type of iooljing: ONAN/ ONAF No. fans / pum}?s: 2/~

Tip vent.: . Tip ¢rpalk: Tip hladiinika: .

iFan type: Shorman - SH 800-8 Pumptgpe: . Goaler type: I 6xFG

21.2 |Predhodno metfenl podatki; injection values:

Stopnja regulacljskega stikala pri segr.: 18 L LONAN

Tap changsr posilion at tesl; 12 MVA

Merjene Izgube prostega teka

Measured nogload logses 9 Po Wy 12749

Merjene izgube kratkega stika pri 75 °C

Measured load tossos at 75 °C Pk My 41176

Skupne fzgube med preizkusom

Injected total losses P Plot M 53 325

Nazivni tok VN navitja med preizkusom

injecled current on HV winding s Al 78.7

Nazivni fok NN navitja med prelzkusom

Injected current on LY winding I Al 1099.7

21.3 | Postopek preizkusanja; Test procedura:

Transformator se prelzkuga po metod! kratkega stika,
The transformer Is tested according to shon-circult method,

Transformator bremenimo s skupnimi izgubami (P}, dokler ne doseZemo lemperaturne stabilizacije olja,
1 kot jo predplsuje standard. )
! The transformer is loaded with total losses (Pu) uniil a steady - stale ofl temp. rise is eslablished accarding to standard.

Po temperaturni stabilizaclji ofja, navitle napajamo z nazivnim tokam (f,) priblizno 1 uro.
After a sleady - state of oll rated currant {I,} Is malntalned constant for aboul 1 hour,

Po adklopu napajanja, posnamemo ohfajevaino krivulio naviija in dolotimo srednjo nadtemperaturo navitja
13 za vsako navitje posebs],

After shuldown cooling curva i recorded and average winding temperalure nse ls delermmed for each wmdmg separalely.

Preiskus | je opravljen po prlporoélllh standarda SIST EN 60076-2 In po internih navodilih LO-
The test is performed according lo Standard IEC 60076-2 and Inlernal test procedure LO-8201,

T

Meritve opravil; «——~
Tested by:
Frang Jten
Ljubljana;
24, junlf 2004
j ETIRA 23
t { EHEﬁg;gsm
Rﬁmmmf &
Siz ETRA 33 Energetskifransformator]l d.d. lrth
'%;jj; S Slandrova 10, 1001 L)0\bljana, p.p. 4958, Slovenija , 1) S VT
([36) tel. ++386 1 5302 800, fax\ +F386 1,5302 830, hilp7Anwwv.elra33.sf

@' 07-04.doad 22 24.08.04 1k LM2ION 1 F.&7 11.09.97 - Verdja 5 (16.06.04)
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TEST REPORT

linplse Analysing System by Haelely Tast AG

Page: 8; Tr. No.: 78947, Terminal: 2V; Tap. pos.: -+
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TEST REPORT

Enpuisa Analysing Syclem by Haelaly Test AG

Page: 9; Tr. No.: 78947, Terminal 2W; Tap. pos.:

CH:
VOLTAGE # 35453
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21.4 |Rezultati segrevanja; Measured results:

Temperaturna stabilizacija ofia s skupnimi lzgubami - Steady - state of ol wilh lolal josses

et |

%?le?l‘?rﬁmflag?ed}i?? pefamfa 01.]8 Ki| 45.7 60.0 | Abr=8v~0,
R ] O A
Temperaturna stabllizacila navitij z nazivnim tokont - Steady - state of windings wilh rated currenl
E‘l;srggnii?gﬂge:g?ﬁﬁ!g a(! ,.0) a () K]| 385 - A2 = Ao~ ((9|'r2 - ehrz )/ 2)
Tamp it ndng o vrsamenn 11| 129 A, =80, = A,
oo sining anpuauts dovn . |1K7| 497 650 |46, =46, +46,,
R R e o L I A0, =50, 40,

(« s viing e o | 5T| 4.0 65.0 |AG,, =Ab,, +A6,,
Yo, g winding s ot svags | £<] 80,0, =50, = A0,
Msa g e |KI 88,, = A8, +A8,,

A Nadlemparalura nafloplejse locke
Hol-spot temperature rlse
. . 46, .. (A e!f) Ao o’/
Navllfe zgoraj - Top of winding Al

Navliije

Winding 8rednja nadlemperatura

navitfa
A4
. Aty
t A8
' et br -
g, Navitle spodaj- Bottom of winding 48

4

FLEXTROINSFITUT AUTAN VIDAMAR
Haldrthowa 2, J000 [jubljena, Slenenita

FRO7-04.00c / 55 24.06.04 23 LM2I01 £ 3 B8 7 $4,63.57  Varzga 4 (04.12.03) &P 2%
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fina

pockel | rmpirm;r;ggi:bot!wnbf,amaz amb.

21.4 Temperaturne krivulfe olje - ambienl; Yemperature curves ofl - amblent
. ,meiiine totke; measuding poft reziltatl; results opombe; nole
oo4b 28t a s te o7 8 {wimieaas |
das Zep rad-zg sad.- sp*rad zg rad sp " amb. 1 amb, 21 amb._3|amblent raz.tad.rmdimup rezlika

3 ankb, d1. rad, Lrise |oliidse

h GC ' OC OC . OC N oc . OC l OC . UC OG QC K K
_ D 360 484 282 344 285 261 262 258 260 HE
qu_g 38 0 28, 9 _38 2 30. 4 261 282 258] 26.0{ 80 1. 2in
1] 52.2) 48.7 337 488" 340 262 26.3 258| 26.1| 14.9] 264 1.2
61.71 576 397 515 a9 2 262 263 258 26.1) 18.1) 356| 9.5{1.2Mn
2| 63.7 653 457 652 444 262 264 259] 26.2| 202 435 7912In
o 76 2 71 5 514 71 3 49, 6 26.3. 264 260 26.2) 209 50.0| 6411.2in
3} 81 6~ 76.6° 56. 3 76, 7 541 264 266 261| 264 215 §62] 53|1.2/n
828, 779 582 776 550 26.7 288 264 268 21.2] 56.3] 1.0lPlol+fans
4] 80 5 76.0; 56. 8 754, 53, 9 26.8; 27.0 285 26.8{ 20.4| 5§3.7| -2.5|Ptal+fans
78.4) 74. 0 5551 73, 5] 62. 4, 26. 9] 27. 31 26.7] 27.0| 19.8] 51.4] -2.3|Ptol +fans
5 25_5_1 7. Si 54.0) 71.2 ___511] 27.0| _27.4f 26.8] 271 188| 484| -30Plot+fans |
74.7, 7051 63.4] 703 59.8' 27.1] 27.5. 27.0| 27.2| 13.8f 47.5| -0.9|Plof +fans
8| 74,6, 69.7: 63.0] 69.51 50.41 274] 27.6] 27.1| 27.4] 18.1] 46.6] -0.9|Plot +fans
1 728 eo2[ 62T 688| 408 275] 27,70 272| 275 175 46.1] 05[Plaot¥ians |
71 _73.2] 68.8] 52.3 ‘ 68.5| 49.6| 27. 6! 27 7 | 27.20 27.5] 17.7] 45.7] -0 41Ptat + fans N
72,5, 68.2) 519, 68.4: 49.3. 27.7, 27.8; 27.3] 276} 17.6] 44.9] -08[n
8 71.9!_67.6 51.4 67.6} 48. 9: 27.7. 28,0, 274} 27.7] 17.5] 442} -0.7[In
_.,.Q ‘ . .- b :
ol
o ! E .
1
12 i :
80 -
g0 ¢ P i & T hpeeia”
I i i —-w—Redig; Radiop i
704~ 1 i -A--Redsp;Reabol i
1 b ettt )
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21.5.1 Upornost merfena po kondanem segrevanju (ONAN)
7 1Reslstance measured afler finfshed temp, rise {ONAN)
5t Ne, VN navitfe; HV winding NN navitje; LV winding e
&7 27 K Fari 97 Kl
1 69.1 2.6884897 47.85 70.5 0.006598] 42,02
21 129.1 2.684153) 47.411 130.5 0.006592] 41.83
3] 189.1 2,679868] 46.85] 190.5 0.006577| 41.07
4] 2491 2,675954| 46.40| 250.5 0.006563| 40.43
5 309.1 2.672501| 46,071 3105 0.006554] 40.08
6] 3691 2.669042| 45.60| 370.5 0.0068549] 39.78
71 4281 2665759 4523 430.5 0.006539| 38.30
8| 489.1 2.662669] 44.87] 490.5 0.006533] 38.05
91 5481 26597561 4453} 6505 0.006523] 38.57
10|  609.1 2.656843] 44.20| 6105 0.00657191 328.41
111 669.1 2.654300| 43.80] 670.5 0.006513| 38.11
12| 7291 2.651478| - 43.58( 7305 0.006502| 37,63
13| 789.1 2.648833] 43.27| 7805 0.006497| 37.38
14|  849.1 2.646375] 42,99| 850.6 0.006498| 37.44
151 909.1 2,643917] 42,77 8105 0.006488| 37.03
16| 969.1 2641732 4245 9705 0.006479] 36.53
171 10291 2639738 42.22| 1030.6 0.006484] 36.76
18] 1089.1 2637272} 41.94] 1090.5 0.006478] 36.48
19| 11492 2.635269) 41.70] 1150.6 0.006473| 36.26
20] 1209.1 2.633266| d41.47| 12105 0.006466| 3592
21.5.2 Ohlajevalna krivulja navitia (ONAN)
oL Temperalure curve of winding (ONAN)
VN navitle NN navitie
HY winding LY winding
- - femperatura navilfa v hladnem stanfu
011269 26.9 {C] - cold winding resfstance lemperature
- - hiadna upornost navitja
Ry=|2.267 513 0.005 671 £y - cold wIndlng resistance :
- ; -upornest navilfia po izklopu
Re=12.453 355 0.006 014 e - »',{?ndfng resisrenge a?shur . a‘oe-m
- - srednfa nadlemperatura navilia
A0, =|48.4 42.7 e - average winding temoeralyra rise
- - lermitna Gasovna konslanta navilja
Tay=[24.1 16.3 fminj - winding lime constant /
. - tamperalura raziika navitie-olje
G =|12.2 9.5 Kl - winding-off temperelure diference

a

E\B\Q\H‘E\B‘E

704

Termperatura / Temperature (*C)

"

g
%’
g \%\a ‘A“H\
E ) fr-a
fr
£3.8 E)
? 200 460 o800 (4 1,080 1,200 8. [s] 200 400 600 800 1,000 1,200
Cas { Time (8) Cas / Time {s}
v
£, \ .
%2 07.04 doe/ 5> 24,0504 - o} L2101/ 2> F.8.741,00.97 - Verzia 4 (04,12.03) 7
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121.6 |Doloéitev temperature offa in navitja; Determination of the off and winding femperature: )

&, « Merjenje temperature okolice, Measurement of the ambient temperafure,
Vrednost je povpredje 3 merilnih sond (2,3,4}, lociranih 1 - 2 m od povrsine hladilnega sisterna In na poloviel
visine hladilnega sistema. Pri WF hlajenjih merime temperaturo hladilne vode na vstopu v hladiinik.

By means of 3 thermocouples (2,3,4), placed al 1 ~ 2m from the cooling su'r%aoe, at hall helght of the cooling system. AL WF cocling the
temperature of water at entrance In cooler Is measured,

&y« Merjenje maksimaine temperature olfa. Top ofl temperature measurement.
Vradnost Js odgitana iz merilne sonde locirane v Zepu na pokrovu transformator]a.

By means of lhenﬁocouple placed In pocket on the cover,

A, - Maksimalna nadtemperatura olja. Top off femperature rise.
Agm_ = our Hga

r - predstavifa veli¢ine pri nazivnl mogéj, indicates rated quantity,

Ce med prefzkusom ni moino dosedl skupnih fzgud, se izv3l korekcia
maksimalne nadiemperature offa po nasledn]l enagbl:

il the specified values of tolal losses have not been oblained durng the lest, the
rasults shall be corrected according Lo the folloving relations:

torall _ facses
ag,, = ag,| ———

lest _ fnsses

A8, nova korigirana nazivaa vrednost (K)-new corrected raled value
AB, - zmegena vradnos! (K)- measured value

X=1.0 za OF.. all OD.. naéin hlajsnfa - OF.. or OD.. cooling

)-" X=0,9 za OM., nacin hiajenja ~ ON.. cooling

X=0.8.. disir, Ir, pri Py 2.8 MVA = dislr, Ir. at Py 52.5 MVA

8, Os, - Merfenje temperature vstopnega In lzstopnega olja hladilnega sistema,
Top and bottom ofl caoler temperature measurement,

V primeru kadar gre za hladilni aparat sestavijen iz veé radiatorjev ali hiadilnikov se vrednosti merila z dvema
termo sondama: &, (&t 5.6) in & (3. 7,8). Termosondi (&t 5,8) sta locirani na izhodu iz hladilnega sistema in
merita temperaturo lzstopnega olja iz hladilnega sistema &, Termosondi (3t. 7,8) sta locirani na vhodu v hladiini
sistem in merita temperaturo vstopnega olfja v hiadiini sistem 6.

if several batleries of coollng equipment ars fitted, two thermocouples sre used: &.(No 5,6) and & (No 7,8), The botton oll lemperalure G is
determined by thermocouples (No 5,6) fitled In the reluin headers from coolers or radiators, The oll temperature & is defermined by
lhermocouples (Mo 7.8) fitted In Lhe Inlet headers from coolers or radlators.

A8, - Srednfa nadtemperatura olfa; Averaga oif temperature rise,
a,_-6,
Ag{mr =0ﬂr —‘( r 2 bl‘)_gg

Za distribucljske transtormatodje mod! < 2,6 MVA s hlajenjem OMAN, 2 valovilm kolfom, ozitoma z nelodijivim hiaditnim zparalom sa lahko srednla

nadlemparatura olja dotodl po enoslavnirelacq: A9;,. =08 G,..

For ONAN Transtormers up 10 2.5 MVA, wilh plain of corfugated tanks of individual cocloing lubes mounied irecly on the tank, The average of tamperalure fise
above amblenl alk lemperalurg may be laken 80% of the lop oft terapersiure dse,

Po temperaturni stabilizacl]l ofja preizkus nadaljujamo take, da tok zniZamo na nazivno vrednost. To stanje
vzdrivjemo 1 uro in medtem merlmo temperaturo olja in okolice.

Po pratedeni url izmerimo ohmske upornosti navitl], B e,
When the top ail lemperature rlse has been astablished, the test was immediately continoued with the test current, reduced to rated current for
the winding combination conected. This candition is maintalned for 1 hour, with continious observation of oil and cooling medium temperature.
Al the end of the hour, the resistances of lhe windings were measured.

Ad,, - Doloéitev srednfe nadtemperature navitfa, Determination of the average windipny temparature rise,
Ohmska upornost se merl v keajanju 20 min po zklopu transformalorfa, Virednosti se avtomatiZno ekstrapolirajo na Cas
izkiopa transformatorja t = 0, s pometjo numeritnega ratunalniSkega lzratuna.

The vinding resistance Is measured In duralion of 20 min. afer transformer shuldows. With zulemalic extrapolation curve, values at the time
of ransformer shutdown {= 0 ace defined by using a numerical method of extrapolation.

R
&, = f(235 +6,)-235 R~ ohmska upotnost naviia pri 6. winding resistance at &
! R; - chmska upornost navilja prl & - vinding resistance at &

Ab.or - fzradun temperaturne razlike navitla-olfe srednfe. Caloulation of temperature difference winding to ofl average.
Agit‘ul‘ = 92 - giuu‘!

Kler je 62 Stadnia temperatura olja na konoy stabitizacije navitja z nazivalm tokom, -
2 Gimy2 M-._B\,_,,_____L__,_ 1cU stabiizaclie naviya 2 nazZviim 1ok

T3 07-0d.doct 55 24.03.04 TR LMIGHS i EAP1109.87 - VorzEa 4 (04.7203)

T
FLEXTROM: P
ot TSI




—

TRH ENERGETSKI TRANSFORMATORA! d.df POROCILO - TESTREPORT
Liubljana - SLOVENIJA a7 /2004

Whera the 8-, represents average temperature of oii a1 the end of rated current injection.

e.,-8
9 9 ir2 brd
Twr) ( 2 J

e med preizkusom nl molno dosedi nazivnega loka, 8 Bzvidl Kowekeija
temparaturne ragike navitje-ofa srednje po naslednfi enalbi.
If he specifad values of raled current have not been oblained during the test, | Gy - nova korigirana vrednost {K) - new corrected value (K)

the resulls shall be correcled according to the following relations: Ay, - izmerfena viadnost (K) - meastred valua (K)
J’ Y= 2.0 za OD.. padin hlajenja — for OD., cooling

ad i i
rated | current Y=1.6 za ON.. fn OF nadin hlsjenja — for ON.. and OF., coaling

88,9, = 80y
lest _ eurrent

Ay, - Srednfa nadtemperatura navitia. Average temperature of winding,
AB,, =AB . +AB,

Inir

Ag,, - Nadtemperatura najtoplejse tocke. Hot-spot femperature rise.
— H=1,1 dislr, trans, ONAN < 2,5 MVA
A6, =AB, +H g, |H=1.3 trans, > 2,6 MVA

(( Kjer le g, temperaturna raziika navitfe-olfa. Whers the g, represents winding to oll temperalure diffsrence.
g.=08,-6

6, - temperatura navitia v trenutku odklopa. The winding {extrapolated) temperature at instant of shutdown.
6y~ srednfa ekstrapolirana temperatura olfa v navitju. Averaga extrapolated femp, of the cooling off in the windings.

21.7 |Meri!na oprema; Meastring equipment;

Merilna oprema; Measuring equipment: e -
- firokopasovni moénosinf analizator Norma, tip D6000, toénosti 4 0.05 %

- wide hand power analyzer Norme, typs D800, acotiracy +0.05 %

- marfinl tokovnl in napetostnl transformatorfi CdC, todnosti + 0.2 %

- meastying current and voltage transformer CAC, accuracy 0.2 %

- merilmk ohmske upornost Tettex, tp 2283, toCnosti £0.06 %

- fasistance maler Tellex, typo 2283, accuracy +0.06 %

4

Wl
H‘E‘ﬁ"w YSTITUT Mt s 1m
Hojd 9'.*-:.?,1003;-._:': N S
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KOLEKTOR POROCILO - TEST REPORT
KOLEKTOR ETRA d.o.0. ' 61 / 2012
21.0|PREIZKUS SEGREVANJA p—
" | TEMPERATURE-RISE TEST
Tehnfén! podatki:
Technical data;
Transformator tip: . Tovarnidka §t. - 8t nadrta.:
Transformer typg: :RT 40000-115,5 Serial No.: 78947 Draw, Now | 5447
Vezna skupina; Stevilo faz: Frekvenca:
Vactor group: YNd5 No. of phases: 3 Frequency: 50 Hz
Navitje:
Wlndiig: VN-Hv NN-LY
Nazivna mot:
Rated povier [kVA] | 40.000 40,000
Naezivna napelost;
Raled voltage: i) {1155 1 ( ]
Nazivni tok: (
Rated current: Al 199,9 2100 '
Hladilni medij: Tip hiajenja:
B e | Shell Dila $3 2X-1 bt muj\g: ONAN / ONAF
Tip htadilnika: 8t. vent, / &rpalk:} 4 ,_
Cooler lype: 12 x FG 1100x15 No. fans / pumps: 4/
Tip vent.: . Tip drpalk:|
Fan {ype: Klima - AVS 630 Pump type:
Pradhodno merjeni podatki:
infection values;
Stopnja regulacijskega stikala prisegr: 4y ONAF
Tap changer posiilon at test; 40 MVA
Merjene lzgube praznega teka:
J gﬁeasuf&d no !ogd tossas:| 0 L) 24.527
Merjene lzgube kratkega stlka prl 75 °C:
Moasured load losses at 75 °C: P w7 145756
Skupne Izgube med preizkusom:
pne =g lnjectgd lotal losses | et w7 170.283
' Tok VN navitja med preizkusom:
qurrentc}?n HY winding : ba A7 222,2 o
" AT K (
Tok NN2 navitja med preizkusom:
Current on LY2 windlng : ln Al 2.100
OPOMBE:
NOTE:

Meritve opravil;
Tesled by: Fra

!
y Prim
Liubljana:
2012«
Rl o s 100 DLENE LTI R

KOLEKTOR ETRA d.o.e

KOLEKTO
Sl- = & ‘ ;
T ottty Standrova 1

T2, NP o) eeson s 08

S 6142400/ 37 Gr 22012

5175

Slandrova ulica 10




«

KOLEKTOR

KOLEKTOR ETRA d.0.0,

POROCILO - TEST REPORT

6172012

Rezultat] segrevanfa - ONAF:
Measured resulis - ONAF:

Temperaturna stabilizaclja olja s skupniml izgubami - Sleady - stale of oll with total losses

(.

lzmerjeno | Korekelja 1 Garant,
Maasured Ceorrecled Guaran.
Maksimalna nadtemperatura olja: 0
Top oll lgmperalure rise: A6, K] 47,9 S60,0] AGo = b~
Srednja nadtemperatura olfa (Pyy): = — -
: Average oi?temperaturejrisg (f»"g: Abor | K] 39,9 | Abu=A6 ((90 0y )/2)
Temperaturna stabllizacila navitlj z nazlvnim tokom - Sleady - state of windings with rated current
lzmerjeno | Korekelfa | Garant.
Measured Corected Guaran
Sradnja nadtemperatura olja (I} (vNy: . - — -
I.*'-'\\"erage oiﬂemperaiurajrlse Plz) (HV): Abonr 1K) 39,0 Abow= A8 ((9"' 6”)/2)
Temp. razlika nav.- olja srednje (Ny: o= _
Avarage wln{ﬁng g:adlinl' {HV): g [K] 171 g Ag‘*' Aeﬂ”f'
Srednja nadtemperatura navilja (vNy =
ﬁ?verege winding lemperatura rise (HV): A8y K] 67,0 <65,0 Aa"’ Ao’" +g
Nadtemperatura najtoplej$e todke (v = *
Hobspot tempjeralure rise {Hv) AGy K] 86,7 578,0 Agh AHD + (g H )
Faklor najtoplej$e tatke (av): H 1,10 .| radunska vrodnost (IEC 60076-2)
Hot-spot faklor (Hv) ! calculated value (IEC §0076-2)
A8y |7 | Abo= AG~((8, —6,.)12) .
g [K] -1 g= Agw‘ —Aeom'
48, |7 <650\ AG, = A0, +g
A0, | /K] s780| AG, =AG, +(g* H)
H .| radunska vrednost ({EC 60076-2)
caiculaled valus (IEC 60076-2)
Srednja nadtemperatura olja (1n) (NN): = AL -
j Average oiFtemperalureJrIsg ?r),) L) Abomr | IK] 39,0 | Abbn'= Al ((en' 8&')/ 2)
Temp. raziika nav.- olje srednje (NN - _
Average wis'ldlng grac%ien(t (LV)): g K7 15,5 ~|§=80,—A0,y
Srednja nadtemperatura navitia (NN): =
Average winding temperature Eise (v 48, 11K] 55,4 $650|AG, =A0, +g
Nadtemperatura najtoplejse totke (Nn): o= s
Hol-spgt temperalture rfse (ng: ABy K] 65,7 5780 AB,,‘ B Agﬂ + (g H)
Faktor najtople)Se todke (NNy: radunska vradnost (IEC 60076-2)
H 1,15 -
Haobspot fakior (LV): ' calcutaled value (IEC 60076-2)
A8,  top-liguld temperalure rlse
- AB,, average-liquid temperature fse
7 A8,  bottem-liquid temperature fise

Windiap beight (3%

h
|
}
|
H
=
I

e I o ammm e e B o a

A6,
Fal:

average-winding temperalure rise at the instant of shutdown
hol-spot winding temperalure rise

average termal gradlent babween winding and liquid
hot-spol faclor

&2 61-12.do/ S5 7122012

2108/ 5> R4 11.09.97 - Verziia d :01.12.?;)

N

- 4 rok
MIANYIOVAR

HEKTROMNSTITUT -
. Hojddhora 2, 1002 Livbliase, Everoa
s




KOLEKTOR POROCILO - TEST REPORT
KOLEKTOR ETRA d.o.0. ! 51 / 2012
Temperaturne krivulje olfe - ambient
Temperature curvesoll - amblent
meriine totke; measuring polnt rezultatl; resuts opombe; note
1 2 3 4 5 s | 7| & |wmleies
tas [ dop [rad~zglrad-splrad.-zglrad.-spiamb._1|amb._2|and._3|amblent}az. radhadien razika
tmo | pckal relop robol robp tobok | arh i | emb 2 | pb. 3 b ath f dtrad { Lrdss |dftrse
t 9q [ By Go On 0a Ba B 0a ABom| Abo A Inifet Cooling | Cooler
h °C oG [1e] °C e o °C G| eC C K K valus method | sistem
000 | 22,7] 224] 21,00 21,8 21,1 20,9 20,8 20,4 20,7 #it
G:30 | 30.8] 27,5 21,0[ 26,8 21,1} 20,9 20,9 205| 208] 6,0 98] Plof inaaryy |{ONAF  {closed
100 | 60,5 42.9] 22.3{ 41,8f 22,8] 21,1} 21,0 20,8] 20,8] 19,9 29,6] 19,8|Plof yoary [ONAF  |closed
1:30 | 66,3] 65,3 24,3] 53,9] 253 21,4 21,4 20,8] 21,2] 298| 44,1| 14,5iPlot praaws |ONAF  |closed
200 | 73,9 61,9 47,3| 64,01 453] 23,4 21,9 21,2] 222| 18,7| 51,7| 7,7|Piof ymaryy |[ONAF  Jopen
230 | 724 60,3| 46,2| 62,8| 44,8] 252| 225{ 229 23,8] 16,0 48,9] -2,9|Plo! wawn |ONAF  lopen
300 | 72,1| 60,i] 46,1} 62,4 44,7 255 224 234| 238 159| 48,3] -0,5|Piot preain |ONAF  |open
330 | 71,9 60,01 46,0] 62,2; 44,5] 25,8 225] 237| 24,0 159| 47,9] -0.4|Plof froay |ONAF  |open
400 | 71,9 60,01 46,0] 623 44.5] 26,1| 226] 24,2] 24,3] 15,9] 47,6] -0,3|Ptol (rraaxey |ONAF  |open
430 | 72.2| 80,2 46,2| 622| 44,7] 28,4 22,8 24,5] 24,6] 158] 47,61 0,0|Plol masuw {ONAF  [open -
6:00 | 724] 60,6) 462( 62,4] 44,7] 26,5 22,8 246 246 16,0] 47.8] 0,i|Plot (raswy |ONAF  [opsn
5301 72,6| 60,7) 46.5] 625 44,8] 266] 229] 24,6 24,7] 16,0} 47.9] 0,1|Ptol prgiemy |ONAF  {open
6:00 | 71.8] 89,6] 457 61,7 44,0( 28,3 23.0] 24,2 24,5] 158 47,3] -0,8|In ey ONAF  Jopen
6:30 | 71.0f 58,5] 453] 81,1] 44,0] 26,3} 22,9] 24,2 24,5] 15,2] 46,5] -0,8]in 2224 ONAF  |open
7.00
7:30
8:00
8,30
9.00
9:30
10.00
10:30
11:00
11:30
12,00
12:30
13:00
13:30]
14:00
80 4
70 + T— M S
/ |
60 // F - T jzl | S
50(_3 /. / [ g
V. |
40E
: /
30 - ;i
Y § e —
20 T
/ —t— Jex Pt
—u— Red 1. Redisp
10 +—— b B3l ap; Aeddal
v ¢ Amuy
0 r \ i\ . . —fn Nn:re‘,o o.,.xmniu:s- :
000 030  1:00 \33\ z.-o!\\ 230 300 350 400 40 600 530 600 630 700 730
5. s (h) AN
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KOLEKTOR POROCILO - TEST REPORT
KOLEKTOR ETRA d.o.o, 61 7 2012
Upornost merfena po konéanem segrevanfu - ONAF;
Reslstance measured after finlshed temp. rlse - ONAF:
St. VN navitfe NN navitie
No, HV winding LV winding
{ Rz ) ARz Aﬂw t Rz AR;_ AB.Yr
JEX Y ] K] 5] it/ Jre/i K7
1] 0,0 0,0

RE 4 F=-1 R 2 R 2¥) bl
1 73,5 1,033821 54,63 77,3 0,005619 52,12
2 103,§ 1,031538 53,94 1070 0,008587 50,97
3 133,5 1,028497 53,32 137,3 0,008555 49,81
4 163,56 1,027368 52,68 167,3 0,008532 48,98
[i] 193,85 1,025409 52,08 197,3 0,008509 48,13
6 223,85 1,023609| 51,56 227,3 0,008482 47,16
7l 2535 1,021774 §0,97 257,3 0,008466 46,58
g 2835 1,020110 50,47 287,3 0,008444 45,79
(( 4] 3138 1,018537 49,99 37,3 0,008431 45,33
10 3438 1,016988 49,52 M47.3 0,008415 44,73
; 11 3735 1,015444 49,05 377,6 0,008400 44,20
121 403,85 1,014050 48,63 407,3 0,008385 43,66
13} 4335 1,012632 48,20 437,2 0,008369 43,08
14 463,5 1,011308 47,78 467,2 0,008357 42,65
15| 4935 1,010060 47,42 497,2 0,008349 42,36
16 523,86 1,008832 47,04 527,2 0,008335 41,84
17 §53,5 1,007634 46,68 557,2 0,008325 41,53
18 583,5 1,006436 46,31 587,2 0,008317 41,21
19 613,56 1,006328 45,98 617,2 0,008304 40,76
20 643,85 1,004270 45,66 647,5 0,008301 : 40,61
21 673,58 1,003192 45,33 677,2 0,008290 40,20
22 7035 1,002235 45,04 707,2 0,008285 40,02
23 733,5 1,001232 44,73 737,2 0,008276 39,73
24 763,58 1,000215 4442  767,5 0008267 39,38
25 793,5 0,999287 44,18 797,5 0,008258 39,05
26 823,85 0,99837¢ 43,80 327,1 0,008252 38,87
27 853,85 0,997528 43,64 867,1 0,008246 38,66
28 883,5 0,996655 43,38 887,58 0,008239 38,41
29 913,58 0,995798 43,12 917,58 0,008232 38,17
: 30 943,65 0,994951 42,86 947,1 0,008226 37,93
iy 31 973,§ 0,994179 42,62 977,1 0,008222 37,80
\( 321 1003,5 0,993417 42,391 10071 0,008220 37,73
o 33{ 10335 0,992615 42,16; 10374 0,008212 37,46
34; 10635 0,991838 41,91 10674 0,008204 37,13
35 10935 0,991081 41,68| 10971 0,008203 37,09
36| 11235 0,990439 41,49 1127,0 0,008196 36,86
37 11535 0,989672 41,28 11574 0,008188 36,69
38| 11835 0,988980 41,08 11877 0,008187 36,58

39

40
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KOLEKTOR POROCILO - TEST REPORT

KOLEKYOR ETRA d.0.0. 61 /2012

Ohlajavalna krivulja navitfa - ONAF;
Winding cooling curve - ONAF:

VN NN

HY LV
- - Temperatura navitja v hladnem stanju
8= 241 24,1 e Cold tf!ﬁding femperah{re
Ri=|0,852871 | 0,007168 m | gﬁfﬁfd fiﬁ?;f&ﬁﬁ gaawfxa

- . - Upornost merfena na sponkah

W-1v |2u-2v {7 - nzg?asisfance measvred on the terminals

Re=11,034242 |0,008648 o Upornost naviifa po izklopu

- Winding resisfance af shut - down

- - Srednja nadiemperalura navilja po lzklopu
A6, = | 56,1 54,5 Ki . Average winding lemperature rise al shut-down

- Ocenjena srednja nadtemperatura olfa

=196:0 34,8 K Eslimated average off temperalure
' = ' - Ocenjena lermiéna ¢asovna konslanta navitla
Tw= 146 8,6 {fmin] | Estimatad winding time constant
- - Casovni Interval
At=10,5 0,5 Mg | e interved
. - " FTY : :
) !
: ™o AN !
1 "’\w\,‘“ o .
tad | < !
““-ﬂnﬁ*m \M i
-H“"‘w-._.'H_h
N I hlém o %&T‘T b L A W o W‘"‘-ﬂiﬁ T
ont A5y
Ekstrapolaclia ohlajevalne krivilje (VN navitie) Ekstrapolacija ohfajevalne krivulje (NN naviije)
Exlrapolation of the coofing down curve (HV winding} Extrapolation of the cooling down curve (LV vinding}

a1 61-12d5c/ ER 7.12.2012 £ 85




ETRA 22 : =
m ENERGETSKI TRANSFORMATORA! d.d. POROCILO - TEST REPORT
(AR Lubgana - sovena 1272004

22,0 |PREIZKUS Z UDARNO NAPETOSTJO; IMPULSE VOLTAGE TEST

. | Tehnitni podatkl; Technical date: )
Transformalor tip : ;RT 20000-110 Tovami3ka &t.: {74999 St. nadrta. : 2066

Transformer lype : Ssedal No. : Draw. No. :

Mavitje; Winding; N
VN -gv NN-LY
Nazlvna mog; sominal power: | fkVA] | 20 000 20 000
Nazivna napsetost; Raled vollage: | kV7 | 110 6.3
Stopnja lzolacije; lsulation level: LIAC §50/230 | LIYAC 75/28
Udarna napetos!; impulse test vollage: | fkV] | 550 75
Poloza] stikala; Tsp changer position: 1, 8 19 - .
Vezna skuplina; Vector group:) YNIS Frekvenca; Frequency: | 50 Hz | Stevilo faz; No, of phases:j 3
Oblika vala; Wave form: | fus] {71.2/50 Temperatura; Temperature: ! fCJ |24
( Zra€ni tlak; Al pressure: | fkPa} i
( . 22.1 | Osnovna vezava udarnega kroga; Typlcsl Impulse test clecult:
‘ Uil gantrady v Rezaloo BBty Delnknzpetesdl | DeErkngpeiost | ProRRuian] olfelt |
Irpulse geanaia 1 Cropaigpap  ,  Woasvily | Wiaediiy Texfehiect .
: . K« Df 1 b2 1 T
O AR SRR —
: Rs . f ' I'*l i
v + ) 1 1
y ' 1} \ 1
, ' 1 \ ——
! 'R : A1 ‘”:
—_— s Rp —=cb , : . ‘{ :
: : == )
: ] TR
! 1 ] 1 ] L
'.'|" ....... R !
_— Lo Qscleriep [
3 Qacrarioe
Voltmeler
N — 1
zg VN za NN
for HY _forly
polariteta; polasity neg. neg.
Ug /&v]  |1200/600 1200/ 200
Far. / ser. [} 1/6 2/2
' Cs stage {uF] 1.8 3.0
Rf stage 2] 12 12
(( RU stage ] |1x75 2x75
o Ro+ Lk [ uH] 1150/ - 150/ -
D fkV] 1200 1200
k(D) 958 956
S 142 1.0 1.0+ 400
S — prikljugen; connecied N 2~ 2V~ 2W /l
polniina nap.; charge vatt, i fkvj]  |47.0/95.0 [28.0/58.0 i
razmak Iskr.; sphere gap dlsl. | fmmyj  |20.2/44.0 11.1/24.2 /]

& \ Ljubljana:

‘7 /‘ = 4 22, junif 2004
T Ao e A T {1 EIRA 33
=1.=, ETRA 33 Energetski transformatdiijd.d. SN TunStoRATons gy 17

S Slandrova 10, 1001 Ljubljana, p.p. #946, Slgienija  *
150 9001 151 1388 1 5302 800, fex. ++368 1 6302 840, hitgetinetrasssi O Ljbtjang, Standrova 10
e 12048001 S 22.0604 . ' B {’ i 1(06.0%.93) .
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T2
{ns]
43.5

| Shestno,; 2
Wp Tl
[kv]  fps)
«3538 108

Serial No.: 74273

105 6 435

Ljubljana / Slovenija

ETRA33 d.d. |
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Measured by:

Impulse Voltage Test - Oscillograms |

TEST REPORT

Type: RT 20000110
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| Sheetno.: 3 !
Serlal No.: 74273

Ljubljana / Slovenija

ETRA33 d4d.d.
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Impulse Voltage Test - Oscillograms ] :

TEST REPORT
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[ Sheet no.: 4
Seriai No.; 74273

Ljubljana / Slovenija

ETRA33 d.d. |

Tap Changer Pos.: 19

Phase: 1W

TEST REPORT
Impulse Voltage Test - Oscillograms l :

Type: RT 20000-110
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Tap Changer Pos.:

TEST REPORT

ETRA33 d.d.

Ljubljana / Slovenija

I Sheet no.: 5

impulse Voltage Test - Oscitlograms ' :

Serial No.: 74273

RT 20600-110

Type

Phase: 21
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Fz 9 2R
T
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ETRA33 d.d.

TEST REPORT

Ljubljana / Slovenija

] Sheset no.: 6

Impulse Voltage Test - Osclitograms l :

Serial No.: 74273

Type: RT 20000-110

Tap Changer Pos.; --
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KOLEKTOR POROCILO - TEST REPORT
KOLEKTOR ETRA d.o.0. 10072012
29 0| PREIZKUS Z UDARNO NAPETOSTJO o o753 s 1y
LIGHTING IMPULSE VOLTAGE TEST
Tehniéni podatki:
Technical date:
Transformator tip: Tovarni8ka at.: : 5t nadra.:
Transformer type: RT 40000’115’5 Serlal No.: 78947 Draw, No.: 3447
Vezna skupina: Stevilo faz: Frekvenca:
Veclor group: YNd5 No. of phases: 3 Frequency: 50 Hz
Navitie; winding:| WN-RV VN u-HV NN-LV
Stopnja izolacije: Um  [kV] |123 123 12
Insulation level: { }AC [kV] |550/230 |550/230 75/28
Nazivna mog. /a1 40 000 40.000 »
Raled power: ( (
Nazlvna napetost: y
! Rated voltage: V) 11155 11
Udarna nap. LI/ LIC:
Impulse test voltage LI / LIC: [kvi 1550 550 75
Prikjuckl 1W0; 1V 1w |10 2U; 2V; 2w
Temninals:
PoloZa] stikala: L e
Tap changer position: 119:17 1
Oblika vala;
Wave shapo: 1,250 ps  |1,260 us  {1,2/50 ps
Cas rezanja: . g .
Chopping time:
Postopek preizkusanja: 1 - DA; YeS
Test procedure: & - NE; NO
L! ] [En poln udar pri zniZant (50%) preizkusn| napetosti. One reduced {60%) level full impuise.
Li [#1 |En poln udar pri polni prelzkusni napatostl, Qe full levet full Impulse.
( L+ LiC E En odrezan udar pri zniZani (50%) preizkusni napetosti, |One reduced (50%) tevel chopped fmpulse,
Li+ Lic [[¥] |Dva odrezana udara pri polnt preizkusni napetosti, Two ful lavel chopped Impulses, (
L En poln udar prl zniZant (50%) prelzkusni napetast(, One reduced (50%) feve! full impulse. (
Ls ¥ {Pva pelna udara prl polni preizkusni napetost. Two full fevel full impulses.
i
OPOMBE
NOTE:

E’ﬂk rAm'm.am
2, 1990 j-nu. Elovenifa

R i M
’\ Koy g ETrt oy
= OR ETRA Energetski transformator]i d.o.o. Slane i
S!a 10, 1043 Ljubljzna, p.p. 4856, Slovenila 10 1234 I.Jub”am:érnrurr.‘le;\h;I‘cj:{:vlaJ i G178
5 ol ++ es 5302 808 fax, ++388 1 5302 830, hltp:Hvnw.elra3d.sf —
12,903 ¢ T 0SN 22012

L Lm202l!\r - F.5.703.03.98 - Verzips 3 (01.07.08}




KOLEKTOR POROCGILO - TEST REPORT

KOLEKTOR ETAA d.0.0, 10072012

Vezava utarnega generatorja:
Dilagram of Impulse generator:

HH:}I—JH::-«

. Udarni generator . .MNap. delilmk
s . Impulsegenelalor . ZVoIt.divldar'

Za VN Za VN Za NN
For HV ForHY ForlV
POI%‘EEE negativ negatly negativ
i O S G Y
M L T T U
i e O e L I
s 0
Pafaﬁ':‘;i#?g;&ﬁgﬁ [  |6x68; 2x68/2 |8x68 68/6
o I T T
st O O G Y
Meriini SSh]E;JU{;E @ 05 0,5 0,5
R - I T TR
o Additll:zaggjlaréglisl!ﬁg:: 12
Ob”‘é’fi;a‘?ﬂ?; kv 550 550 76
ety
Obmgfi:a(iﬂl))iz A} 200 1000 80
Obmggiz e(I{_LI};)) Al / 7
Merllna oprema; Measurng squipment:
- Digitafnf impuizni analizator Haefely HIAS 743-2 In GC 223
- Digital impulse anataysing system Haefaly HIAS 7438 and GG 223 §

ONSTITLT &
Hu.lclrlhm % mo'f EE

g>2/9

e 100-12.dos / ¥ OSH22012




TEST REPORT Enptiss Anslysing System by Haaloly Test AG
Page: 3; Tr. No.: 78947; Terminal 1U; Tap. pos.: 1

CH:A cH2
VOLTAGE # 35087

WA W b i Y g iy e B Y ot Ry £ en
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,/ ................ I S e T A - -~
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H H
3
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L]
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R, .
i H
. 7] e Il s .
RS . [ A S et s LI el T
FIT P, B S //1 S e
R S S 4 RN S R P VN RO
7SR S S - S RN
¥
!
H
H
PO S [T MR P S armareadriiaans Sk ik

Ko 3 Ll Upk: -550.323 RV TH: 127508 TR 58391 us Ko, 3 LEfd Ipk max 143,366 A Ipkming 65053 A

CH A CH:2
CURRENT
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TEST REPORT

mpuise Anatysiag System by Haelaly Test AG

Page: 4; Tr. No.: 78947; Terminal: 1V, Tap. pos.. 8

CH:1
VOLTAGE 3 25047

L e et

[SFOPS .....A....yd...

T S - N S

e aadia v T fraanman

............... N NS SPYL NSy pus. AR AP R

e FLw ey T e b S e e .
¥ i
ie . . - N .
+
v
E
1
PEPPIS R L APPSR (R
T
H

Ho. 6 LM Upk $40.174 kY T17 1,274 us T2: 83809 us
CH:
VO!.TA!GE'__ #3511

SOV S— ::;,,ﬁzii:"“".

N 557 4 O O

Ne. 7 LI & Upke -549.939 kY T4: 1,270 1s T2:63.688us

CHid

VOLTAGE #25103

A e e B

i
:
RS P A N

// S T
- t?”/' : .“""“.H““".hnnuéuunuu ......

No. 8 LIfudl Upk: -549.418 KV T4 1.270us TR: 53563 1s

Ci2
CURRENT

creditaranriadrarsesrnedinane
4 T T

No. B LIful Ipk max; 52397 A iplomint 32583 A

Ho.8 LG Romax -152.954 A tokmine 64657 A

CHi2
GURRENT I LB 35102

Ch2
CURRENT

SO

No. 8 LIfull ipk max ~156.008 A Ipk miny 64.841 A

B ’

TR M AR
H '[D.\ N
ol Aherd : T i3
2 1000 u‘a‘:‘}m 0,5\0‘(
¥
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TEST REPORT

knpulsa Analysing System by Hasfely Test AG

Page: 5; Tr. No.: 78847, Terminal: {W; Tap. pos.; 17

CH:1
VOLTAGE

T i D N

# 35107

B N = S N S A

No. 8 LIfull Upke 276205 KV T1: 1.268 us Y20 49,139 us

CH:1
VOLTAGE

B nen s e Ly e o

#35109

4 . - .

]

[T TS PP RO P SRS AR, P PP R

Ko, 10 LIful Upk: 540,463 KV T1: 1,272 us T2 49.370us

L3 ]
VOLTAGE .

Bt 3 ke M g e S B L it e

#3511

Ro, 11 LIfud Upk: §49.581 &V T1: 1.280us TZ §9.383 us
CH:1
VOLTAGE - . #35113

[EPOOUN S A // .........

o, 12 Liful Upke

T .

CH2
CURRENT ) g 35108

ims s

No. 8 LIfug Ipkreax -80.627 A lpimin: 338364

CH;2
CURRENT . £ 35110

IS R 7R BOUS

Mo, 12 L& Ik max: -484.663 A Ipkmin: 68,359 A

£

= 4
ELEETROINSTITUT MILAN vIDM 2
Hojdrthova 276900 Livbliana, Sone
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TEST REPORT Impulse Anaiysing System by Hestsly Tesl AG
Page: 6; Tr. No.: 78947, Terminal: 1N; Tap. pos.: 1

CH:Y CH:2
VOLTNGE‘_

wren e nenaend I drevenen FU SRR NOOS S
H
b

RO & O’ 45 DUUTUUOE NPT ISR DUV S I
3
:

PN IROUOEEN: ANENIUONE NOPPSRIUS NBRN E SURVPIPE R - .

He. 14 L1full Upk: 276,408 KV T1:4720us T2 4156300

VOLTAGE 735N CURRENT

[ TR VPP RS PR L

Laeiet

dandal

1o, 15 LI Aad Uplc 548760 KV T14.726us T 42028 us Mo 15 LHut Ipkmax 773350 A Ipfomin 355.605A

CH:A CH:2
VOLTACE CURRENT

'
S Y PProT

LI

AN
~~~~~~ MR

barentrlia e

FPPRTS.

Mo, 16 LIRA Upk -549.892 %V T1: 4725us T2 41.933 55 Ho, 16 Liful Ipkmaxc 770.869 A Ipkmine 352,760 A

4131
VOLTAGE #35125

R T SR P L S
i

v ot e

e iaensud

P

: N 1 U . SO S UL O R SRR WO,
T B TTTLIPF PP TS TRI PP RIS ATULE * S H 1

Ho. 17 LR fphomax -T7T2119 A nk 351914 A

£

No 17 LR Upks 550,333 KV T1: 4699 us T2 44657 15

w4
N
Sione

FUEXTROINATITUT M}
Holrthova 7, 1000 Lubii




TEST REPORT rgudss Anslysing Syslem by Hasloly Test AG r}RE _
Page: 7; Tr, No.: 78947; Terminal: 2U; Tap. pos.: -- '

CH: 1 CH:2
VOLTAGE 835133 CURRENT #3514
T e e e ol A e g it it

i i £ . P
1

'
i
]

YT -
H

No. 20 L% Upk: -37.357 KV T1: 1277 us T2 53.155us

CH:A
VOLTAGE #235135

TR S L T TR L

EETTIE PR P IPTPEIY S LET SEE— edaversirendinaniar

-------- B N B
i

PRV AN NS SN

1

1

H
EXETE T [P PR PR S A S R N

0

No. 21 Lifill Upk: 75013 K T1: 1.265 s T2 63.080 13 Ho. 21 LIRA Ipkrnac 85650 A lpkmine 9.473A

CH CH:2
\'GLTAG& # 35137 CURRENT #2_5‘1_33

Bt b oh e o Ly Bt ek Pt R g et o e 4 et A 4 g h I e,

aressnfiaarinaia [ AP NP Y VAT N R S
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L AN R K v mmaneae e evvenrerdan T e
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i
IR PORRP
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Ko.22 LI Upit 75077 KV Ti: 1.252 us T2 53162 us

VOLTAGE # 35138

RO B I I e e e VY R

RN NP RN SO | aes

ot

v
B LR T TP A T L drrnran .

LITTRVE P (YR SRR R SPPQR— 4

to. 23 LI fpk max 88553 A Ipkmin: A

EARY

4

ELERTROINETITUT MIEAN 1 7587
HaHrthava 2, 1000 Lisbliance, £a, -
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TEST REPORT

trpudie Andlysing Syslem by Haeloly Test AQ

Page: 8; Tr. No.: 78947; Terminal; 2V; Tap. pos.: --

VOLTAGE # 35143

P e T R T L S TP er ey
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CH:2
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TEST RE PORT Impuize Analysing System by Haefaly Tet AG
Page: 8, Tr. No.: 76947; Terminal: 2W; Tap. pos.: --

CH:4 CH:2
VOLTAGE CURRENT # 35154
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No. 29 L1ug Upk: -76.474 kY Th: 1.278 us T2: 52611 us

CHi1 CH2
VOLTAGE # 35157 CURREHT £ 35158

SRR PSR Ry S
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Mo, 30 LI Rt Uph; 74,827 kv T1:1.274 vs T2 62788 us Ho. 30 LIful lpkmax 71,240 A lpkmin: 25.585 A
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-{RH ETRA 33 MERILNI LIST TRANSFORMATORJA

ENERGETSKI TRANSFORMATORJ d.g,
Liubljana - SLOVENIJA TRANSFORMER TEST REPORT

Naroénlk: Prolzvajalec: Preizkuseno po: Leto izdelave:
Purchaser: Manuvfacturer Tesled in acordancy with: Year of manufaclure:

ETRA 33 EN 60076 2004

|
Termoslektrarna Trhovlfe | o e oyl TRANSFORMATORA d.d,

o

TEHNICNI PODATKI
TECHNICAL RATING
Transformator: Regutacijsko stikalo: Komandna omatica reg. st.
Transformer; Tap-¢hanger ] Tap-changei moter drive unit:
o |RT 20000-110 MR- MS I 300Y  |MR-ED 1008
Tov- 81 74273 589 264 589 264
St natria;
Dlagram No.: 2966
Navltje; Winding : VN - Hv NN-LV
Stopnja lzolacije; Um  [kV] |123 12
Insulation level: L}/ AC [kV] |550/230 75/28
Nazivna moé; Raled powar: [KVA] |20 000 20000
+7x182% | e .
Nazivna napetost; Raled voltage: [kV] [110 060 6 300 5
-11x 1.82%
- Nazivnitok ; Raled cument : {A] @%_“ _|18329 . | __ 1 - :
Frekvenca: Stevilo faz: Vazna skupina: Sistem hiajenja:
Frequency: __ No.ofphases: } __ Vectorgroupr Cooling method:
50 Hz 3 YNd5 ONAN / ONAF
Skupna masa f{f. Masa ofja fif. : Tip izolacijskega olja:
Total walght ftf Welght of ot i) Typa of [solation oll:
42,0 10.5 Nynas Nytro 10X
OPOMBE:;
NOTES: ONAN - 12 MVA
ONAF - 20 MVA
NN 1; 39/04
Prelzkusom je prisostvoval: Meritve opravil;
The test was carded aut In presence of: E Tested by: .
g. JoZe AHAC - TE Trbovife o= 4 Franc Stempelf
¢. Anton URANKAR - TE Trbovlje  sexrromSTinuT MILANVIDMAR v
g. Damjan DETELA - TE Trbovlfe  'ieHrhed 1600 thtljenc, Sloeelo Bdjaniosi
g. Marko KNEZ - TE Trhovlfe W
¢ Miaden IGLIC - EiIMV Ljuhljana;
22. funif 2004
W Y RILLY ]
P ETRA 23 Energetski transformatorj! d ”
(E5 m,,!f% Slandrova 10, 1001 Ljubljana, p.p. 495E lovenil f Eﬁ%g%ﬁ%gﬁﬁmd:ﬂ
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ENERGETSKI TRANSFORMATORY d.d,

E}‘Rﬁ ETRA 33 MERILNI LIST TRANSFORMATORJA

Liubfjana - SLOVENIJA TRANSFORMER TEST REPORT
Transformator: Tov. &t
Transformer: | /] 20000-110 ' Ser. No.| 74273

SPISEK MERITEV IN PREIZKUSOV
LIST OF MEASUREMENTS AND TESTS

Maritev prestavnega razmerja
1.0 i
Measurement of vollage ratio

1.1 Meritev magnetiinih tokov pri 400 V, 50 Hz
! No-foad urrent at 400 V, 50 Hz

ap Meritev ohmskih upornosti navit
" Measurement of vinding resistance

2.4 Meritev izguh in toka praznega leka
) Mesasuramant of no-load loss and no-lead current

3.2 Meritev fzqub in napetosti kratkega stika
’ Measuremen! of load loss and impedances voitage

33 Rezultalimeritev izgub
" Resulls of loss measuremenls

Preizkus z inducirano napetostjo

¥
: 4 Induced AC withstand voltage lest

e

Meritev delnih praznjenj
4.2 Partlal discharge maasuremant

4.3 Prelziuts z napetostio iz tujega vira
' Separale-soume vollaga withsland tast

4.4 Meritev izolacifske upornosti
i Measurerents of Insulslion resistance

4.5 Meritevprebojne trdnosti izolacijskega ofja
’ Messuraments of diefectric strength of instfating oif

5.0 Preizkus reguiaciiskega stikala
" Tests on on-load tap-changer

6.0 Mearilev ni¢ne Impedance
’ Measwement of zern_sequence impedance

7o Meritevizgub hladinega sistema
’ Measwoments of loss of cooling system

14,0 Meritev kapacitivnosti in tg &
AMeasuremants of capaeily and dissipstion factor lg §

Meritev stresans induktivnosti

12.0
Heasurements of leakage Induclance

13.0 Merltev nivoja hrupa
" Moasurement of sound level

150 Splsek elementov na lransformalorju
" Listofelemanls on transformer

16.0 Funkclonaini preizkus komandne omarice
Funcilonal test of conlrol cublcle

17.0 Funkcionaln! preizkus elementov na transformatorju
Funclional lest of elaments on lransformar

Meritev vigieharmonskih tokov praznega teka
Measuremants of the harmonics of the no-foad surrent

19.0 Meritve na vgrafenih tokovnih fransformatorfih
! Measurement on buill-ln current lransformers
2.0 Prelzkus segrevanfa
' Temperalure-nisa lost
Prelzkus z udarno napslostjo
220
Impulsp voltags teshy

& preizkugj\;iavrje.i;\esl 0K
Now,
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. ETRA 33
rTRﬁ ENERGETSKI TRANSFORMATORJ d.d. MER’LNI LISTTRA NSFORMA TORJA
Liubljana - SLOVENIJA TRANSFORMER TEST REPORT
Transformator: Tov. &t
Transformer; RT 20000-110 Ser. No.: 74273
1.0 |MERITEV PRESTAVNEGA RAZMERJA IN VEZNE SKUPINE | co wores asso 09
MEASUREMENT OF VOLTAGE RATIO AND VECTOR GROUP
Vezna skupina:
Vector gfroup: YNd§
Poz. siik.: Radunska napetost: Konstanta: lzmerjeno odstopanje:
Tap pos.; Calculated voltage: Constant; Measured deviations:
U, [V} U V] [U7Ux k] 1U / 2U %] V2V (%] AW | 2W [%]
1 124 014 87.9%6 -0.22 -0.22 -0.22
2 122 012 . 89.440 -0.22 -0,22 -0.22
3 120 010 90.931 -0.21 -0.21 -0.21
4 118 008 82474 -0.20 -0.2¢ -0.20
5 116 006 94.069 -0.18 -0.19 -0.19
8 114 004 95.720 -0.18 -0.18 -0.18
7 112002 87.430 -0.17 -0.17 -0.17
8 110 000 § 300 99,203 -0.18 - -0.16 -0.16
il g 107 998 701.041 0.15 0,15 -0.15
t : 10 105 996 102,949 -0.15 -0.16 -0.18
11 103 994 104.931 -0.14 -0.14 -0.14
12 101 992 106.989 ,-0.12 -0.12 -0.12
13 99 990 109.131 -0.11 -0.11 -0.11
14 . 97 988 111.359 -0.09 -0.09 -0.08
15 95986 113.681 -0.08 -0.08 -0.08
16 93 984 116.101 -0.07 -0.07 -0.07
17 91982 118.627 -0.06 -0.06 -0.06
18 89 98¢ 121.265 -0.05 -0.05 -0.05
19 87 978 124,023 -0.04 -0.04 -0.04
[}
(( ¥ Merilna oprema; Measuring equipment: _
' - merinik prestavnega razmeifa Koncar, tip MK1, tocnosti 2 0.08 %
- turns ralio mater Kondsan {ype MKT, accuracy + 0.05 %
1.1 MERITEYV MAGNETILNIH TOKOV pri 400 V, 50 Hz
- NO-LOAD CURRENT at 400 V, 50 Hz
Poz, stik.: Navitfe: Faza AfmA] Faza B fmA] Faza C mA]
Tep pos.: WindIng; Phase A [mA] Phase B fmA} Phase C {mA}
8 VN - Rv 2.8 2.2 3.2
- NN - LV 180 200 290
Merilna oprema; Measuring equipment:
- univerzainl instrument toénosti + 0.5 %
- multimatar accuracy + 0.5 %

T 743130001 57 200604 T pE0E0 T - F.5.T 20078 - Vet ypon St a5 3717
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ETRA 33 :
"RH ENERGETSKI TRANSFORMAToRu .. | MIERILNI LIST TRANSFORMATORUJA
£l Ljubljana - SLOVENUA TRANSFORMER TEST REPORT
Transformator: Tov. &L.;
Transformer:| 1 20000-110 Ser. No.: 74273
20 MERITEV OHMSKIH UPORNOSTI NAVITIJ - IEG 60076-1 (clause 10.2)
’ MEASUREMENT OF WINDING RESISTANCE
Temperatura - Temperature §: 26 °C l
Poz. slik.: VN navltje ‘
Tap pos.: HY winding I fest 11A |
-V | V- 1W I | 1U-1W
1 2.281231 2,283006 2.282383
2 2,227126 2.228447 2228714
3 2.171806 2173172 2173461
4 2117701 2,118964 2.118917
5 2.063420 2.064412 2063564
(7] 2.008181 2.009795 2.008812
7 1.953620 1,855487 1.855141
8 1.898425 1.899892 1,900149
g 1.843557 1.846145 1.845787
10 1.78527¢6 1.785839 1.786124
11 1.842761 1.845557 1.844888
12 1.898084 1.900802 1.899600
13 1.952378 1.955212 1.953927
14 2.007475 2010348 2.008790
15 2062250 2,0660561 2,063727
16 2,116877 2119731 2.118377
17 2.172332 2,175034 2.173504
18 2.226478 2,229644 2.228043
19 2.281897 2.284537 2.283017
Poz, stik.: NN navitje ( (\
Tap pos.: LV winding in_eaf 114 ] et
U-2VIg] | 2V-aW [ | 20 -2W [
0.005654 0.005717 0.005722
Merilna oprema; Maasuring equipment; I ~
- merilnik ohmske f rnost] Tellex, tip 2283, todnost +0.06 %
- resistanca meter Tellgx, \vpe 2225(3, accyracy (.06 %
\ \ \\ e A,
S 742136001 ¥ 20.05.04 2_.3"5-!.}‘{2%0{)‘1"" E.SF 30.07.97 «Verzia 0 g); 47 17 .
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;TRH TR SS srommonaq | MERILNI LIST TRANSFORMATORJA
t l Ljubljana - SLOVENIJA TRANSFORMER TEST REPORT
Transformator: Tov, &t.:
Transformer: RT 20000-110 Ser, No.: 74273
3.1 MERITEV IZGUB IN TOKA PRAZNEGA TEKA  IEC 60076-1 (elausa 10.5)
. MEASUREMENT OF NO-LOAD LOSS AND NO-LOAD CURRENT
Napetost prikljuena; Vollage supply to; NN Frekvenca; Fiequency: 80 Hz
Napetost; Voltage: | Upperas | {%] - g0 100 110
Ueesn V] 5670 6 300 6 930
Ums IV 5 666 6 302 6 950
Tok; Gurrent: |l U | fA] 0,99 1.23 2.46
bas V 1[A] 0.78 1.06 2.41
[loss W | JA] 1.23 1,59 347
I {A] 1.001 1.297 .2.684
ly %] 0,054 0.071 0.146
Mer, izgube; Measur. loss: |Pes 1 W] 9292 12 096 16 550
Kor, lzqube; Corceated foss: | Peee 9337 12149 16 659

3.2 MERITEV IZGUB IN NAPETOSTI KRATKEGA STIKA
4 | MEASUREMENT OF LOAD LOSS AND IMPEDANCE VOLTAGE

Temperatura - Temperatura : 24 ¢ Frekvenca - Frequency : 50 Hz

Napajano - kratko skljenjeno:
pel Supply - short ciroiited: VN-NN| UN-NN | VN-NN

Pozicija stikala -~ Tap posiiion: 1 8 19 .

Tok - Current: | Iy fAl 90.41 102.87| 131.14
Napetost - Vollage: | U, |V} 13775f 11590 9236
fzgube - Loss:| Prmey  |/W] 71530] 71070 99640
Korekeila - Cotrection; | P wr -124 -161 «261

[zgube - Loss: [ Puewe [(W] 714061 70909 99379
Preradun na nazlvni tok navilja. - Calovated at winding neminal current.
Mod - Power: [ S, [kVA] 20000 20000] 20000

‘Tok - Cuerent: |l Al 93.1 105.0 131.2
Napelost - Vollage: | Uy Vi 14 186| 11827 9243
lzgube - Loss: | Py w] 75731] 73834| 99538
Praradun na referendno temperaturo 75 °C. — Calcusled at reference temperature 76 °C.

IR lzgube - PR toss: | Pazs | W] 68 820] 70845| 103374
Dod. izg. - Stray loss: | Pazg | W] 162331 12235] 11004
lzgube - Loss: | Peyzs [ W] 94 054| 83080} 114378

Kratk. nap,; imp. voltage: | Uizs | [96) 11.44 10.76 10.51
REZULTATI MERITEV IZGUB < 1EC 80076.1 (cause 3)

33 |RESULTS OF LOSS MEASUREMENTS
Pos. Sa (kVA] Pra (RW] Pouzs (fW] | Pra (kW] lo %] Uy [%6]

1 20 000

Garantirano: 8 20 000 12,5 troi) 83.5 (ro%) 96.0 rotyy| Q.75 ps303|  11.3 f27.5%)
Guaranteed: 19 20 009 -

1 20680 84,054 96,203 11.44
.18 20 000 12,149 83.080 95,229 0,071 10.75
m’ﬁgﬂ 19 20 000 114.378 126.527 10,51

Merilna oprema; Msasuriag equipmeyt. e o
- Sirokopasovni mod. analf, afoi Norma, tlp D000, focnosti +0.05 %

- wida band power analyzer Noriha, lype D60DP, accuracy £0.05 % .
dC, fognostl £ 0.2 %, - measuing current ang

- merilni lok, In nap. transior.

e
el

o el b . 5
i T4Zi3d0c | ¥ 206804 T LRSI n e F.O°30.07.67 -Vezad N >8]
5 m‘S:ﬂ.' 3 4 "
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ENERGETSKI TRANSFORMATORJ! o.df

FTRH' ETRA 33 MERILNI LIST TRANSFORMATORJA

Ljubﬁana - SLOVENIMA TRANSFORMER TEST REPORT
Transformator: Tov. &t.:
Transformer:| [ 1 20000-110 Ser. No.. | 714273

4.1 PREIZKUS Z INDUCIRANO NAPETOSTJO
" INDUCED OVERVOLTAGE WITHSTAND TEST

PoloZal reg. stikala; Tep chenger pos.;:! 8 |

Transformator s polno izolacijo VN navitfa . .
4‘ 1 1 Transformer with uniformiy Insulated HV winding . £C 60076-3 (clause 12,1 er 122}
napajano navilje; | Uy (KW NNy | Ureg (VI NNy | Useqy (RV] VN f [Hz] tfs]
supply winding phase - phase phase - phase phasa - phase
NN ‘ 6.3 12.6 220 300 20
Transformator z 2niZano izolacijo VN navitja . ’
4 1 2 Transformer witiy pon-uniformfy fnsufated HY vinding IEC 600783 {ctause 12.)
napafano; Uy [KVI NNy | Uiagt RV ANy | Usest (VI Vv | Usey TRVIN f (Hz] t fs]
supply phase - earth phase - earih phase - earilht N - earth

Meriina eprema; Measuring equipment: e ]
- Sirokopasavnl modnostni analizator Norma, tip DS000, to&nosti + 0.05 %
- wida band power analyzer Norma, type 6060, accuracy £0.05 %
- metiini tokovni in napetostnd fransformatorfi CdC, totnosti £ 0.2 %
- measiing curren! and voltage lrensformer CdC, accuracy +0.2 %

4.3 PREIZKUS Z IZMENIGNO NAPETOSTJO iZ TUJEGA VIRA - IEC 60076-3 (eause 11)
* SEPARATE SOURCE AC WITHSTAND VOLTAGE TEST
med; betwesn U fkVoraw) f [Hz] tfs]
VN-NN+ M 230 50 60
NN-VN+M 28 50 60
Merilna oprema; Measuring equipment; _ OPOMBA; NOTE: ~
~ voltmeler lemenske vrednosti Haefely, lip 51, todnostt 0.5 % M - ozemijent delf
- AC paak voltmaler Hagfely, lype 61, ascuracy 20.6% M - ground .
4.4 MERITEV IZOLACIJSKE UPORNOSTI (\., ( o
iy MEASUREMENTS OF |SULATION RESISTANCE
med; betweeq Riso eo sey (MY Ra (Reasen/Rsosan) | U feVipe! tf<Ct
VN - NN (W) 18 000 1.19 2.5 26
WN-NN+M 11 800 1.10 2.5 26
NN-VN+M : 7200 1.28 25 26
Merilna oprema; Measuring equipment: OPOMBA: NOTE!
- metiinlk lzolacijske upornosti Norma IS0 55V, todnostl +3 % M - ozemijeni delf
- [suiaffon rosislance methr Norma ISO 5KV, eccuracy 23 % M - ground

L 1A21Bd0 1 Ve 200604
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~ ETRA 33 i
E P.RH ENERGETSKI TRANSFORMATORJ d.0, MER’LN! LIST TRANSFORMA TORJA
it ubfjana - SLOVENIIA TRANSFORMER TEST REPORT
Transformator: Tov. 8t
Transformer; RT 20000-110 Ser. No.: 74273
4.2 MERITEV DELNIH PRAZNJENJ - [EG 60076-3 {clavse 12.4)
““ | PARTIAL DISCHARGE MEASUREMENT. - 1EG 60270
PoloZal reg. stikala; Top changerpos: |8 | Napajano havitje; Supply winding [NN_[Tip preizkusa; vestiype: |ACLD
LIVAC 550/2301 kV] - stopnja izolacle VN nav., insulation level HV wind.
U(Hv) 123| KV, <] |- najvisja nap. opreme; ighest voilage for equipment _A3*u,
UstHv) 123! (kV. ] |- prelzkusna napelost; testvoitago (U 5 2 X Un ) Y= 3 (piasa o~ earh)
Ls{Hv) 106 KVms] = Gmax S500 pCat ACLD, 5300 pCat ACSD U
UyiH 781 fkV,omse] = Qmex 5100 pC U, = I.S*T- (phase - to - carth)
fum 3001 /Hz} - napajalna frekvenca; supply frequancy 3
tlo (g2 100} jpC} - kalibracijska vrednost; eslibiation value U, =1.1% u, (phase - to— earth)
fa 100 - 4001 fkHz] - merilna frekvenca; measurlng requency AR £
Filter: | wide band
Prikifucki; Terminal
Gasovnl Interval; Uon IRiucki; Terminals OPOMBE
Tinie sequence M.
VN-HVENN - LY A B c NOTES
5 (kv | V1| pCH pCl /2197 ] <] pCl 1 pCl
snovite molhfa:
Backgrovnd noée: 0 0 13 12 11
1min 20 21 12
ALY Smn] 5] 7 25 50 21
1 min 20 228 64
B 4 smin| 108 3 534 a7
[ 20 sec 123 12.20 35 236 51
1 min 28 230 4
&min 30 231 41
10 min 27 231 34
D ! 18 min| 106] 105t 28 208 31
20 min 26 207 3
25 min 28 180 28
30 min 27 177 28
1 min 23 75 24
E 4 e A 24 a3 22
Osnovne molnjs:
" Background no.{se: 0 0 16 13 12
. ACSD lACLD ¢
A B ¢ T Aifmn | c ig‘gm .
E - : R & fest el .« G fast g
: ) : i .85 B D 2800
I I el % GIl
; ' Jzm % l__
. . . Uz
) Yoty Y Y Y ] Uest
Simetrdnl i fasi pridtop. ~ ~ Mérjerje na kapachivnem skoz. Casovni intervali prélziusne napetostt, |
Stmelrical thrge-phase connaclion. Circuilt for measure. oa comden, bushing. Time Jor eppiication of lest voliage.
Merilna oprema; Measuring aquipment: - L
- Slrokopasovni mocnostni analizator Norma, tip D600O, todnosti £ 0.05 % .
- wide band power analyzes Notnta, lype D600, accurscy £ 0.05 % i
- merilni tokovaf in nfetostni transformatori GdC, todnosti £0.2 %
- maastring currant andvollage transformer CdC, accurecy +0.2 %
- meriinik delnif prazrjen Le‘ﬁke, tip LDS-6
ia] oischarge instfument Lemie] tip LDS-6

[l !
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ENERGETSKI TRANSFORMATORJI ool

HRH ETRA 33 MERILNI LIST TRANSFORMATORJA

Ljubljana - SIOVENIIA TRANSFORMER TEST REFPORT
Transformator; Tov, &t
Transformar: | 11 20000-110 Ser. Not| 74273

4.5 |MERITEV PREBOJNE TRDNOSTI IZOLACIJSKEGA OLJA
"~ _IMEASUREMENTS OF DIELECTRIC STRENGTH OF ISULATING OIL

Tip izolacliskega ofja ;
P Type if iso?atfon {)ll: Nynas Natro 10X

mesto odvzema: 1 2 3 4 5 6 M S
test sampla taken from: [kV] kv [kV] &V} V7 V] KV om /

sredina transformatorskega kotla 54.7 61.3 56.5 57.8 60.5 58.7 232 2.5

Razmak med Iskrisem preskusne naprave je 2.5 mm. Distance between geps of oll tester is 2.5 mm,

Merilna oprema; Measuring equipment: .
- merilna naprava Bauer, tip DTA 75
- measuring device Baver, lyps DTA 75

5.0 |PREIZKUS REGULACIJSKEGA STIKALA < EC 60076.1 £eovss 105
) TESTS ON ON-LOAD TAP-CHANGER ‘

8 kompletnih clkiov operacij z nevzbujenim transformatorjem

8 complete operating cysles with the transformer not energlzed

1 kompleten cikel operacij z vzbujenim transformatorjem v praznem teku pri nazivni frekvenci In

2. [nazivni napetosti 74
1 complete cperating cycle with iransformer at rated voltage and frequency, at no-load

10 dslovanj regulacijskega stikala s % 2 stopnjama regulacije z vsake strani glavnega odcepa, pri

3. |Glm bliZfern nazivnem toku transformatorja, z enfm kratko vezanim navitjem T
10 tap-change operations with £2 sleps on either side of ha pringipal tapping with as far as possible the rated current of

the transfermer, with one vinding short-clrcuited .

preizkus opravijen

&7 test 0K
6.0 MERITEV NICNE IMPEDANGCE <JEG 60076-1 (clause 10.7)
- MEASUREMENT OF ZERQ-SEQUENGCE IMPEDANCE
Temperatura - Temperalure | 26 <C ] Frekvenca - Frequency : 50 Hz
Napajano ;
e TUTVHIW - IN
Pozicija stikala - Tap position: 8
Tok - Current |} {Al 188.08
Napgtost - Vollage [U v 3 607
Nazivni tok - Rated curent | [, fA] 105.0
Nazivna napetost - Rated vollgge [ Uy |/V] 63 507
] Z, oA 57.53
Impedanca - impedance 7, o7 .51

Merilna oprema; Measungequlpment: __—— —
- $lrokopasovpi totnostni analizator Norma, tio D000, toénost # 0.05 %

in napet®sinl iransformator | CdC, todnosti £0.2 %

- wide band powgk analyzer Ngma, type DEOOD, accuracy +0.05 %

id volfagd\transformer CdC, adcuracy 0.2 %
o =

E:;N 4
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ETRA 33 MERILNI LIST TRANSFORMATORJA

ETRH ENERGETSKI TRANSFORMATORJ! ..
L TRANSFORMER TEST REPORT

Ljubljana - SLOVENIJA
Transformator: Tov. &t
Transfor?n?;': RT 20000-110 Sgr. No.: 74273

MERITEV IZGUB HLADILNEGA SISTEMA
7.0 MEASUREMENTS OF LOSS OF COOLING SYSTEM

Hladilnt sistem ima: 2iventilatorja; fans: Schorman - SH 800-12 (0.41 kW, 400V, 1.1A)

Cooling system includes: / ("':[Qﬁl_k‘._oi[ pumps: ! S o _ .
\Fis) 1/A7 P i} f [Hz]

1. - ventilator; fan I x400 1.30 376 50

2, - ventilator; fan 3 x 400 1.31] 398 50

z 3 x 400 2,61 774 50

) Merilna oprema; Measuring squipment. B
( - Sirokopasovni moénostni analizator Norma, tip D6000, todnosti +0.05 %

- wide band power analyzgy Norma, lype DB000, accuracy £ 0,05 %

P
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I ETRA 33
Rﬁ ENERGETSKI TRANSFORMATORJI d.d.

Ljubliana - SLOVENIJA

MERILNI LIST TRANSFORMATORJA

TRANSFORMER TEST REPORT

Transformator: Tov, &,
Transformer- RT 20000-110 Ser. No+ 74273
11.0 MERITEV KAPACITIVNOSTI iN tg &
) MEASUREMENTS OF CAPACITY AND DISSIPATION FACTOR tg &
vezava U pos. N Ry Rq C, Cy tg b
conneation vy | (-1 el a7 kel ey BF] bl
1 ¥ VN - NN (M) 10 I © 6.34 1/K| 0.1485 5021 (.148
3 £
3 §'§ UN-NN+M 10 i 0 4.08 1Ky 01736 7840 0173
4 |g3
5 _E 3 NN - M {UN} 10 i oo 3.12 /K| 0.2615 10 203 0.261
6 g
7 * [NN-VN+M 10] 7 © 2.09 /K| 0.2165 15231 0.216
8
9 VN - NN (W) 10 i @ 6.34 /K| 0.1455 50211 0.145
10 E &
11 gg VN -NN+M 10 ] @ 4.08 1/K| 0.1755 7840 0175
12 a4
13 §g NN - M (VN) 1ol © 3.12 /K| 0.2566 10 203|  0.256
14
16 NN-VN+M 10 i 0 2,09 1/K[ 0.2585 15 231] 0.258
Testnl pogoji; Test conditian:
Cu: 10001 pF | t: 26/ °c | p: kPa |
Merlina oprema; Measuring equipment; . -
- Schering most tip 2801 po vezavl 1a
~ Schering Bridgs type 2601- Arrangemant fa
12.0 MERITEV STRESANE INDUKTIVNOST!
' MEASUREMENTS OF LEAKAGE INDUCTANCE
vezava I pos. R; Ry Ryext R4 Cy Ly
connection Al | (-1 el [y £ k] /it fmH]
HAU - 1N (2U+2v+20) 1.0 ! 100 600 2.0 -] 877521 1.0073| 201.46
2
31V~ 1N (2U+2v+2WW) 1.0 { 100 000 2.0 -l B80.507| 0.9962 199,24
4
S| 1W- 1IN (2U+2V+2W) 1.0 ! 100 GO0 2.0 - 61,340 1.0104| 202.08
&
7
8
g
10
11
12
13
14
15
Testni pogojl: Test conditionfy,
poz. stikala; taprands 8 [} | (..) navitje kratko sklenjeno; winding short circult
Merilna eprema; Measuring bqlipment:|| ~ o
- Schering most tip 280% po v avl 2c
- Schering Bridge fype 280 Arange ni 2¢ ALY
G 48] 3doc 5 29.05.04 3= Lmzow 5 FS‘ao 07.97 - Verzia 0 ,
it _ " m:.moo Lf.séﬁi@,ﬁa/ﬂ
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ETRA 33
E.erﬁ ENERGETSKI TRANSFORMATORJI d.d. MER’LN] LIST TRANSFORMA TORJA
Ljubljana - SLOVENIJA TRANSFORMER TEST REPORT
Transformator: Tov. &t
Transformer: RT 20000-110 Ser. No,! 74273
13.0|MERITEV NIVOJA HRUPA I
MEASUREMENT OF SOUND LEVEL
ONAN (U, = 100 %) razdalja 0.3 m
ONAN ({4, = 100 35) distance 0.3 m
okolica | transformator okolica | transformator frekvencna analiza (1/1 oklave)
amb, transformer amb, tansformer frequency analysls (1/1 oclave)
1/2h 142 h amb. q 8 - - -
[dBA] | JdBAJ | [dBA] {UBA} | fuBA]| fdBA} By | B} | fMB] | fB] | fdB] i fd8)
i 351 534 19 A
2 351 513 20 C
3 35] 554 21 L
4 35| 597 22 31.6Hz
5 35 62,2 23 63 Hz
6 35| 604 24 125 Hz
7 35 561 25 250 Hz
8 35| 86.5 26 500 Hz
9 35| 564 27 1 kHz
10 35| 531 28 2 kHz
11 35 51.8 29 4 kHz
i2 35; 524 30 8 kHz
13 35 50.5 31
14 5] 56.2 32
15 35 52.5 33
16 35 52,7 34
17 35
18 36
ovpretna kvadraina vrednos!
pguadfalfc megan sound lavel 35 56'39
ONAN -0.3m
Povprena izmarjena kvadralna vradnost
skt souna] level e vrean (o] 66,4 dBA
Po k zaradl akol ;
Enonmenlal conécton. (K 0 dBA
Korigirana izmetjena kvadratna vrednost
Corection quadratie mean soeund leyel ) 56.4 dBA
Garantirana kvadratna vrednost
Guarantead quadyalic mean sound teval (Lol dBA
DalZina merdilne linfje
Lenglh of the p«ewibedfcon!our [lm] 16.6 m
Vislna transformatorskega kolla
Helght of the itansfarmer lank g (h] 2,6 m
Ekvivalenina povrgina 2
Area of the erfec!fe;’su:face I5] 53.6 m
Nivo A moéi zvotnega vira
A «welghled sound power level (L] 73.7 dBA
Formule za izradun; Formulas for equation; Merilna totke,; Measuring pofats:
] . 0
Lgy =IDlns;,%[i10“"”]~K L 123, .. m. tokke; m. points
_ ] ‘ D:’ im
Lupy = by +10*l0g,.S xl< , e s g X= %mr; ggg
S=1.25xhxl, 2 0.3m N i v ' AN 10m
S=(a+thxd, = lm Sulpr2)xt, »2m - '
3
Merilna oprema, Measuring equipment:
- merilnik 3uma B&K, tip 2236, tov. 8t. 1914395, na podre¢ju F SPL
- kalibrator B&K, tip4231, tov. &t. 1914631, fodnosti £ 0.20 dB
- measudag Inslrumefi B&E, lypa 2238, ser. No. 1914395, on position F SPL .
- catibrator B&K, typg 4231]ser. No. []914631, accuracy +-0.20 d8

L

wir 7427 3.d0c ¥ 26.06.04

T LM2050 13- £.6.7 30.07.97 - Verzfa 0
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“ETRA 33
r TRH ENERGETSKI TRANSFORMATORJ d.d. MERILNI L’ST TRANSFORMA TORJA
Ljubljana - SLOVENIJA TRANSFORMER TEST REPORT
Transformator: Tov. 5.
Transformer: RT 20000-110 Ser. No.; 74273
13.0|MERITEV NIVOJA HRUPA caTets
* Y |MEASUREMENT OF SOUND LEVEL
ONAF (U, = 100 %) razdalja 2 m
ONAF (U, = 100 %) dislance 2 m
okolica | transformator okolica | fransformator frekvendna anallza (1/1 oktave)
amb, transformer ambp, transformer . frequency analysis (171 oclave)
12 h 1/2h amb. 4 8 - - -
JUBA] | fdBA} | [UBA] fIBA] | fIBA]| [dBA] fidB] | fAB} | [B1 | /Bl | fdB7 | [B]
1 38 60.8 18 38 §1.3 A ' '
2 38 60.5 20 38 60.7 G
3 38 57.8 21 38 €1.0 L
4 38 56.5 22 38 61.5 31.6Hz
5 38 56.4 23 38 61.9 63 Hz
i 38 57.5 24 38 62.1 125 Hz
7 38 56.6 25 38 61.8 250 Hz
8 38 56.9 26 38 62,0 500 Hz
_ [ 38 55,7 27 38 61.1 1 kHz
! 10 38 55.4 28 2 kHz
11 38| 561 29 4 kHz
12 38 57.7 30 8 kHz
13 38] 59,5 31
14 38 60.1 32
15 38 61.7 33
18 28 62.1 34
i7 38| 60.6 35
18 38] 606 36
ovpreCna kvadraina vrednost
guadean'c mean sound jevel 38 60.01
. ONAF -2 m
Povpre&na izmerjena kvadralna vrednost
Ql?adegﬂc rﬂaan soum'li fovel [LP(A)] 60.0 dBA
Popravek zaradi ckolice
Envgonmenlal corraction [K] 0 dBA
Korigirana izmerjena kvadratna vrednost
Goractien guadratic mean sound level [Lois] 60 dBA
Garantirang kvadratna vrednost
Guaranteed quadratic mean sound level fLom] 65 dBA
DelZina merilne linije
Lenath of the prescribed oo [l] 28 m
Viha lransformalorskega kotla
Height of lhe fransformer tank [h] 2.6
Ekvivalentna povrdina 2
teaof e elocths sutacs (s] 128.8 m
Nivo A moéi zvofnega vira
A - weighted sound power level (L] 81.1 dBA
Formule za izradun; Fermulas for equation: Meriine todke; Measuring points:
Ly = 10l0g,, l['f‘,m“*"--]- IS UL 1,23, . M. lo&ke! m. polinls
Nia [ i | Dsim
o . R o T X=ONAN 03
Loy = L +10%108,48 e I L ONAF 20m
Se L 25xhxl, = 03m L AN 10m
S=(r+Dxt, = 1m S=(h+2)xl, - 2m T
3
Merilna oprema; Measuring equipmant: e e ]
- merilnik 3uma B&K, tip 2236, tov. St 1814395, na podrodju F SPL
- kalibrator B&I&, tip 4231, tov. 5t 1914631, fodnosii +0.20 dB
- measuring Instrufnant B&X, type 2236, ser. No. 1914395. on position F SPL ";’
- calibralor B&K, tipe\y231, ser. No. 1914631, accuracy 0.20 dB HoRribeis 199:)Lrabu’nna s
T 13134001 7 2305 09 L [\

4;‘9,520501';1,5 F5 5500787 - Veia @ G 12717
.r‘!n‘ - \ ‘1




- . ETRA 33
ﬂ.RH ENERGETSKI TRANSFORMATORJI d.df, MERILNI LIST TRANSFORMATORJA
Liubljana - SLOVENIJA TRANSFORMER TEST REPORT
Transformator: Tov. §t.;
Transformer|[R 1 20000-110 Ser. No.. | 74273
15.0 SPISEK ELEMENTOV NA TRANSFORMATORJU
9. LIST OF ELEMENTS ON TRANSFORMER
Oznaka Tip Tov. 5t Opombe
Label Type Ser. No. Notes
Skoznlk
T ap shing faza A ABB - GOB 550 296 587
Skoznik ’
2 | ushing faza B ABB - GOB 550 296 586
3 |Skoznk fazaC |ABB-GOB 550 296 588
ushing
Skoznik ‘
4 Bushing fazaN |ABB - GOB 550 296 589
Komandna omarica ;
5 Contrel cublele Bog Rittal - AE 1018
Plinski rele
6 |Gas el ay Bo1 Comem - BR 80 02871
o Zasgitn] rele reg. stikala
(( ; 7 | Pressure refeef vah!f;e O.L.T.C. 802 MR - RS 2001
' Kazalo olja za transfarmator .
8 Qil level Indjicalorforlransformer Bo3 Coment - LB 22
Kazalo olja za reg. sfikalo .
9 | O fosol Inditor for O T.C. Bo4 Comem - LA 22
Termi&na siika ) : ]
10w ding temperature indicator B0O5 Kihlstréms - AKM 35 | 34884-2 75/0/110/115°C |25 K8
Kontaktni termometer ;
1 eonta <t thermometer |Bos Kihlstréms - AKM 34 |364703.1 | 50/0/35/100°C
42 | Vamostni ventil BO7 Comem - 125T
Pressure rellgf valve
Tokovni transformator L 4En:
13| current transformer B8 FTM « 150-2 04090848 |CI3, 10VA viv
14
16
16
17
18
19
i 20
21
*(
16.0 FUNKCIONALN! PREIZKUS KOMANDNE OMARICE
*VIFUNCTIONAL TEST OF CONTROL CUBICLE
& Delovanje omarice je preizkudeno na osnovi nacria (na vralih omarice), & prelzkus opravljen
The funclional test has been performed according lo the drawing {on cublcle deor). test O.K.
17.0 FUNKCIONALNI PREIZKUS ELEMENTOV NA TRANSFOR,
*YIFUNCTIONA ST QF ELEMENTS ON TRANSFORMER
o7 Elamenti s0 p[ei kuSeni na osnovi nadria (na vratih omarics), preizkus opravijen
Tha functional tept has hesn performed according to the drawing (on cublcle door). test O.K,
%\? 4
—= m )
o, R8s AR

T T T B e, T\ T T LGS0~y F.50 3007.97 - Verzia 0 A F> 13717




ETRA 33 F MAT
E}.Rﬁ ENERGETSKI TRANSFORMATORJI d.d. MERILNI LIST TRANSFOR ORJA
Liubljana - SLOVENIJA TRANSFORMER TEST REPORT
Transformator: Tov. &t.:
Transformer; RT 20000-110 ger. No..| 14273
18.0 MERITEV VISJEHARMONSKIH TOKOV PRAZNEGA TEKA
" MEASUREMENTS OF THE HARKMONICS OF THE NO-LOAD CURRENT
Napajano navitie; supply winding: NN/ LV | 90 % Un
Vrednosti; variables: Napetost; Voitags Vrednost; Varables: Tok; Currant
T spzetruy 0..55 IEARRINILR 20 “Taveregs uwwer 1 perieds m .lTi_SEJJ_IO.I‘IZ—-“_;v:Er;g{'Jvu { prrindy
I 3a5eeiiol [HP 0. 45624 3VHOY U3 4,206 10 1 DLGIEF (A1 |17 7.4046- 18000 |12 1 20A40MI01
order] B BN 0AE2) T U LANS VIOTCRT § U LA FIOSLYE |2 | forded | (20807 710100 | 0 LRI Fi00e) | 1 14l 1047 |
0 §.000 0,000 0.000 [1] . 000 0,600 0.0
£ 00,000  0,00] 100.000  0.00| 100,006  5.00 11 100,000 0,00 100,000 0,09 100,000  0.00
2l 00 -1 0,082 T R 2' LLEWE 45,15  B533 0 31,53y 1.3uB 171,52
] 148 177,20 149 111 1,505 -10LT0 D W7 17051 B0 10053 5.49) .27
4] o004 ' 0.00r .- U5 - 4] 1103 6L.BY[ 0.5H 4.2 0B 1617
1 oo5M  -shl o 0515 9] by 5.0 nl oS 013 2847 1L 12,758 -(64.30
6F 0019 e i GO . G007 -~ & ofw -uES3| .02 . o.caf -02,79)
I L35 1500 L43E 2008 1422 442 TIo2.9%  Mes| 2% 1) Lode 1255
6] 0.0 . 0.007 o= 0008 eeie- 8] o302 . 2 BTl B .
9 0,047 (L 6.072 . - 0.0 f 4 1,007  -B1,45 0,014 -176.59 0,300 -f5, 6
10 0,000  ----q 0004 f D002 eeeee 10 0143 --y-- 0,161 . QMY -
14 | ¢,035 R L I X7 nf 0013 m7T2| 1458 LR (008 140,14
! 2 GO - ) 00 --.-- 0.001 . 12 4.1 ' 0,037 seeeenr 0003 el
seeall Witk cirsor kays ur enler a pmber Holl sorall with citesor keys or chity & [wber W
funct1ans! barheiss R speciria | locked | | GERFTRTIRTS OO specirom 1 100eF
|Férichle )bargreph [ Blonkoill )] ferglh | average | sbsolul fraribte Y(bargeaedi )| DIOCKouE )| Leniglh | wwnrage || sbaalul ||
Graflkon; Graph, Napetost; Voitage Graflkon; Graph: ToK, Current
| ETOUTEORER  rii 50.300 T average aver ) perinds TTIT 5,010 He wegrage aver 1 parfadd
{ ur s vz 1ay U rus ey 12 ren I3 ros
100 100 100 100 100 100
o #H =M1 A0 | =101 ) s )
16.0 10.9 | 1.9 w0l 19.0 |
1 .
.00 f? 1.60 | 1.00 1.00_! P L
M ‘ J I
100w/ R - toa[[J]1 toca[f]] l 1111 1oom] ;
fo 20 10 0 10 20 ¢ W 0w 20
! serold wilh cursor keys HILN | sereld with cursor keys Hat
funck lons: hotaoniss -~ ) . IDEYED LDEKE
[(siate )i Triple | _UERAF Viswae on J) §75¢ate | zoom_ | [stngle { triple )| WaidP |(Mhie on ) y-senle | zoox |
Merilna gprema; Measuring equipment: ) .
- Sirokopasovni modnostnl analizator Norma, Hp D6000, todnosti + 0,05 %
- wida band power enslyzer Narma, lype 06000, accurscy +0.05 %
- ierilnd tokovnl In napptdstnl transformatorfl CdC, toénost £0.2 %
- maasurng current end vollegs transfo %r CoC, accuracy +0.2 % AN
. \‘i 4
R FLERTRODY!
_‘;, Hefdrihova gﬁ%ﬁrgﬁﬁﬁf@m

wr 74273.doc [ Er 2006.04 ] 3 LMZ0SD I w- F.8.%30.07.97 - Veria 0 > 14/47




ENERGETSKI TRANSFORMATORJ! ol.d.

P-RH ETRA 33 MERILNI LIST TRANSFORMATORJA

Liubljana - SLOVENIIA TRANSFORMER TEST REFORT
Transformator: Tov. &t
Transformer: RT 20000-110 Ser, No.: 74273

WERITEV VISJEHARMONSKIH TOKOV PRAZNEGA TEKA
18'0 MEASUREMENTS OF THE HARMONICS OF THE NO-LOAD CURRENT

Napajano navitje; Supply winging: NN/ LV [ 100 % Un
Vrednosti; Variables: Napelost; Voltage Vrednosti; Varabtes: Tok; Current
1§ 50,010 Iz average over ! periods F11 50,014 1z sverage aver 1 perindy
g1 3.7asenior (U2 3.5006M0) |03 0.50Tavi) 1112200080101 112 9,620 1001 | 13 14926 00k0)
ordesl TTABTT FTo1ro1 | U Toin) TI0I09T | 0 AT Fi01(5] order| | (21011 $i0I09] | | (41011 Fi030°F | | [xHO11 ¥ibTI0]
'] 0.00¢ 0,000 0.000
1] ohowo  oo0| 10a0 00| o 0.0 1] 100,000 0.001 100,000 0,00} 100.000  0.00
o ooid | 00l e | 0023 -enee 2] 2891 -80m| 22w el zo7 15864
2] ndot w7660 L4308 160,28 | 1514 -175.78 1| 2398 M3.380 22370 40037 B0 -43.00
A oows EL e o e 4| Losz  8.79{ 1562 75| 1.3 3.0
5 072 -2 39 .83 2.50 51 26,465 -108,8¢ 1 5,592 72,25 | 24.4%0 13944
3l o5 00 - 6 1.808 149,31] o016 --.--] L34 -147.33
7 1,255 -2(] 45 1,955 3:53 1 7.140 27,70 6,270 -147.85 6.938 -07.00
8l o6 06y e 6| o652 -61.03] 0.843 7304|043 20,89
sl ooode o 9l 2,320 (68.04 2.203 61,32 0.33% 170,13
0ol 600t 0005  omoo 0 029 -] 0308 -] 0.28 .05
il oo PSRN -+ T | 24883 -100,66 | 3.873 -103.00] 3.053 3522
2] o008 Tl es s 121 0310 18860 | o0.054 ---- 0 0,243 #HO.4
oL scroil Kith eirsor keys of enler a mber HILD
(Tt lons: harkonics . JEECECNTTI LOCK spec Nl ] lUEKEVi
“N" "5 {————-" f;c m;l ::f“h =| s E? ﬁari&i ]lﬁargr Eblo:kou [[ Terglh 7 average [ absolul )
Grafikon; Graph: Napetost; Voltage Grafikon; Graph: Tok; Current
shactrus 0,19 Tt 50.000 iz average over 1 periods)| {ETTTENSE T fit 50.010 Wiz average over 1 perteds
IH rps U2 ras U3 rag 11 ras 12 rus 13 s
100 _ 100 _ 100 100 100 100
et 0% AN ot ] 201 ] 701 )
10,0 | 0.0 | 10.0 | 10,0 | 10.¢ | 10.0 |
1.90 | 1.00 | 100 | 1.00 | 1.00 | 1,00 ] “
100ay| 10n | 1000 ! R, 100n| l 00w 4 ‘ I 1” 100 }[{] . “I l ”

o 2 1 2 10 ' o 20 )
serall with curser keys HOL HO
fimct fons: harsonies - UIKE% : R LOCKE
simale i triple alaP j[phase o |f y-scale ) _zoik |} [ sknale ){"i’ﬂ};;—e"}[ ii F [phase on || y-seale || zoem |

Merlina oprema; Measuring squipment:

- &irokopasovni mocnosini analizator Norma, tip DEC0O, toénost + 0,05 %
- wide band power enalyzer Norma, typs D6 acouracy £ 0.65 %

- menini tokovni in napstos ‘/ﬂrzrans atorfi CdC, todnosti 0.2 %

- measuring curront and voltage former GUC, accuracy £ (0.2 %

, 9 E& 4
INSTIIUT MiTAH VDS
I 71000 Lisblfons, Shoreist

i TA27a.dos ! ¥ 20.08.04 T LW20500 % e F 8V 20.07.97 - Verdia 0 gr15/17




) . ETRA 33
' r RR ENERGETSKI TRANSFORMATORJI d.d.

Litbljana - SLOVENIJA

MERILNI LIST TRANSFORMATORJA

TRANSFORMER TEST REPORT

Transformator: RT 20000_1 10

Transformer:

Tov. &t.:

Ser. No.: 74273

MERITEV VISJEHARMONSKIH TOKOV PRAZNEGA TEKA

18.0 MEASUREMENTS OF THE HARMONICS OF THE NO-LOAD CURRENT

Napajanc navilje; Supply winding: NN/ LV

} 110 % Un

Vrednostl; variables: Napetost; Voltage

Vrednosti; Varables: Tok; Current

{11 90,005 412 average aver 1 perands
iu1 A 20€ M0 | U2 LARREMINT L3 a Sbyavin
srdee, It P $8T0ST 1 6 LAY FioVer | o Teon ool |
of 0,000 0.9 0,600
11 100,600 0,08 100 (¢D 0.00 | 105,000 6,00
4 0,07 0.02 -y Q4 -
3 L.147 11'1 hfl 1.4b0 1337 1,911 -170.00
L] 9.010 smymet 028 -, 0,014
5 1.453 -B.26 y LT 5.6 1.7e0 03
bl B N 75 0,603 e b 0030 ----
7 $.832 -i4 ﬁ? 0. 2,42 0,521 14,058
~ H 0018 ~-ye- ol --,-- 0.614 .
9 6103 -100.63 0,214 o762 0,044 vy
[ &0 002 e 0011 esyee
1 0,312 ?.Hf 0.3 M. 0411 42,77
12 0811 e, e -, LT - S
scroll mth tlirsor keys or ealer & nmbtr e
R 10k
fm:a‘.\ [ bergreph If Brockeut z} ienvgth ]f'a'm dselul

L cpectri 010 IHTEURRTE avzragr mtr | parieds

i

| 2.0 000 (17 2000000860 |13 2, (/500u0t |

urder_i_.l'_f.’n.lgl_lw_‘NO'll"l I R 'm)l[ﬂ! l i l.dmi ?|0|(°l

j D 8.0 0.000 6,000
1 1000 0.00 1 500,000 0,00 ; Ul 000 0.03

I 21808 -iret] LEOT -d5.4B] 14 aL
3| Wbz 42| 2El43 150 4,761 142,06
4 1,189 131,74 1212 502 5885 72,30
S ST 1220 So.td7 -AL80) 4.0 418
B 1.4% 5.2 004 ey 148 38.8%
] 753 18,61 .22 -4 23,910 70.46
B 0503 18,52 0912 8.1 0.4l .
D 4,055 19w 4, M 49,10 0. -
10 3,250 --ie- & LI oAF -, -
i1 7415 -118.41 8.3 BT} B2 ?3 -ﬁ
12 0,249 ‘ 0012 <o 0BY -

serall wlih corsor keys or enler a mumber mt
It i LpRclrin | 1 HCHES

iviriahie |[bararoed )| B vlackoud ) Teogli |averdge | bsolud |

Grafikon; Graph: Tok; Current

Grafikon; Graph: Napefost; Voltage

11750008 W " averige aver 1 periods]
U2 rue By res '
. 100 100
, PH o
0.4 | 0.0 10.0
1,00 | 1.60 1.00
| ‘ |
ol ol ]
oz fo b 0 2
eroll with curser keys o
e 102 Har — e LUOKED
[ singie 1 tefple” ) Wefd |(Fase o I(ySeato Y Zoow 1|

lm (U800 He " aversqe nver 1 pEcind)
Il oras 1Z rens 13 ros

100 100 _ 100

w0t 1 “HOf Fall]] "l

10,0 19.0 10.¢ l

HH :
1.00 {1t | 1.00 | 1.00
100w [ o0 100w [|
: 20 it )

soeell with qurser keys Harp
funetiglss harkoiey o o . -~ LDD(EDI
(single \ Uripi€ [ URraP |(g@asd om p3ale 4 nem |

Merilng oprema; Measuring equipmant:

- Sirokopasovni modnostni analizator Norma np ' DE000, todnosti +0.05 %
- wide band power enalyzer Norma, typs D60G0, eccuracy £ 0.05 %
- merilni tokovnl in napetosrmransformatonl CdC, locnosti +0.2 %

- measurng currant end veltage |r:

ormier CAC, acouracy 0.2 %

&

MILAN VibMag

Vilona, Sloventia

Fxymonys
Holdrihgps 3, frg‘?)gl‘-f

i 142734001 2 2008105 N B [ B

¥ LM2G30 7 S F.8F3007.97 - Verzia 0

G5 16717
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HRH ETRA 33 MERILNI LIST TRANSFORMATORJA

ENERGETSKI TRANSFORMATCRJ d.d,
Ljubljana - SLOVENIJA TRANSFORMER TEST REPORT

Transformator: RT 20000-110 Tov. SLi1 74973

Transfonmer. Ser, No.:

19.0 MERITVE NA VGRAJENIH TOKOVNIH TRANSFORMATORJIH ;
*YIMEASUREMENT ON BUILT-IN CURRENT TRANSFORMERS
19.1 Podatki; Ratings: Magnetiina krivuifa; Excltation curve:
Tip; Type: | A0S
Tov, Stevilka; Ser. No.: | 04090848
Prolzvajalec; Manufacturer: | F.T.M. Srl . Italy
Razmerjs; Ratlo: | 150/2 A .
Mog; Power |10 VA _
Klaseiclased3
Fs[8
Int. oznaka; Int. designation: | B0 _
Sponke: Temminaly: | P1-P2/187-182
Montiran v; Mounted in: | 1V
termicna slika
( : Meritve In preizkusk: Measurements and fests: )
( o Rizoe: 1 0.329 2 e e e ol
{ Polaritete; Potarity: | 0. K,

Vse merilve In preizkusi so opravijeni na sponkah v komandn! omaricl!
All measuremants and lesls are canied out sl terminals in the termins! cublel,

FLrxrno, S 4
"%‘thwﬂ‘?gg},’r.’mw: VDR

liuﬁffona, Eloveniia

W TA2T3.00a ¥ 29.08.04 © &w (M50 s+ FA 900757 - Verzia 0 GF 17717
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SLOVENSKA
AKREDITACIJA

LP-063

akreditacijska listina
accreditation certificate
Elektrolntitut Mlian Vidmar

HaJdrlhova ullca 2, 1000
taboratori} OVENO, Labora

Organizacija Je qt@r_edltitana pr Sipy_gns_ki akreditaclji (SA), kot preskusevalni
laboratori], S to Histin s¢ priznava lzpolnjévanje zahtev standarda

SIST EN ISO/IEC 17026:2005

za dejavribstl, ki 86 opisanie v priiogi te listine, oZnadeni z isto Stevilko.
Datum podelitve akreditactje: 30. maj 2008

Akreditacija Je veljavna, 8 akreditifanl organ v celot! lzpoinjuje zahteve za
akreditacijo, kar SA ugotavija § postopkl nadzora. Veljavnost akreditaclje Je mogoSe
preveriti na spletni strani SA, www.sa.gov.sl,

Slovenska akreditacia je podpisnica sporazumov o medsebojnem priznavanju
akreditaclj na podro&ju kalibracljskifi In preskugevalilh laboratorijev pri Evropskem
zdruZenju za akreditacljo (EA) in pri Mednarodnem zdruZenju za akreditiranje

‘aboratorijev (ILAC).

The sbove entity hes been accradited by Slovenlan Accraditation (84) as a testing [aboratory, This s to signlfy

compllance with tha requlremonts of (e SIST EN S0/IEC £7028:2006 for ifie approved scopy of accreditation
as desesibed In the Annex herato marked with the sbime numbsr,

Initiat sccreditation data: 30 May 2008

This accreditation shall remaln In force p'rovid,eq that the accredited body fully comptlea with the accraditation
raquitaments, which is determined by SA throlgh survelllanse, {nformation on current aceréditation status s
avaliabie ot the SA website, wiw.sa.gov.sl

Slovanian Accraditation (SA) Is & slgnatory of tha Multilateral Agreemants of the Eusopasn Co-operation for
Accreditation (EA) and (nternational Laboratory Accreditation Co-operation {fLAG) for calibratfon and testing.

Ljubljana, 24. september 2008
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Reg. &t. / Ref. No.: 3150-0138/10-0007
Datum izdaje / Issued on: 30. maj 2016

Zamenjuje izdajo z dne / Replaces Annex dated: 1. julij 2015

Veljavnost akreditacije je mogode preveriti na spletnl strani SA, ww.slo-akredilacija.sl.
Information on current accreditation stalus Is available af the SA websile, www.slo-akredifaclfa.si.

PRILOGA K AKREDITACIJSKI LISTINI
Annex to the accreditation certificate

LP-063

1 AKREDITIRANI ORGAN / Accredited body

Elekfroinatitut Milan Vidmar
Hajdrihova ulica 2, 1000 Ljubljana
Fopifs prilege 2a obiye nacsplotman maalu, C Caiy of atlachment o wal publishing

2  STANDARD

SIST EN ISO/IEC 17025:2005

3 OBSEG AKREDITACIJE / Scope of accreditation

V okviru te akreditacijske listine Slovenska akreditacija priznava akreditiranemu organu
usposobljenost za opravijanje naslednjih dejavnosti: / SA hereby acknowledges the accredited body
as being competent for performing the following activities:

3.1 Skraj$an opis obsega akreditacije / A short description of the scope

Podrogja preskusanja glede na vrsto preskusanja / Testing fields with reference to the type of test:

* neionizirajota sevanja (elektromagnetno sevanje, elektromagnetna zdruzljivost / non-ionising
radiation {efectromagnelic radiation, elecfromagnetic compatibility)

» akustika, hrup, vibracije (hrup) / acoustics, noise, vibrations (noise)

o vzoréenje / sampling

o kemija/ chemistry

« fizikalno preskuSanje / physical testing

OR06-25 * lzdaja 6 /
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AKREDITACHA

Veljavnost akreditacije Je mogode preveriti na
Information on current accredilalion status is available at

www.slo-akreditacija.si

Podrotja preskusanja glede na vrsto presku$anca / Testing fields with reference to the type of test

iten;

 okolje in vzorci iz okolja (viri elekiromagnetnih sevanj, okolje, viri emisij snovi, zrak) / environment
and samples from the environment (electromagnetic radiation sources, environment, sources of
emissions of substances, air) '

« elektriéni proizvodi in oprema (elektromehanske naprave) / electrical products and equipment
{electromechanical devices)

Honija prdogs 23 oblzvo na aplateam mesho ¢ Uopy of altachment fie wab publishing

oaos 25 % lzdajw { ' Stran 2 0d 10
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3.2 Podroben opis obsega akreditacija / Detailed scope of accreditation
321 Laboratorij OVENO, Haj'drihova ulica 2, 1000 Ljubljana

Tabela ! Table 1

TN,

SIST ENV 50166-1:1895 Izpostavijenost Eloveka elektromagnetnim § Hz - 10 kHz visckonapetosini
razveljavijen pollem, Nizke frekvence (0 Hz do 10 kHz) daljnovodi,
withdravn Human exposure to electromagnetic fields transformatorske
Low frequency {0 HZ fo 10 kHz) postaje,

brez poglavia 4 elekirarmne,
withotf chapler 4 transformatorji in
elektritna

oprema

HV power lines,
power
substations,
power plants,
transformers and

it -3 PR bl P w |s E .y gt SR IO S ) [N 3 - & CfﬂG Lo .
Haobila pritoge 73 abjavo na platnaoy mesti, / Copy of atlgohment for web ;ﬁ&ygngg'gfzg

2.| IEEE Std 644-1987 Standardni postopkl IEEE za meritev 5 Hz - 30 kHz visokonapetosini

brez tolk 4.3, 6.3 izmeniénih elekiriénih in magnetnih polj daljnovodi,

without points 4.3, 6.3 energetskih vodov transformatorske

{EEE standard procedures for meastirement postaje,

of power frequency electric and magnetic elektrarne,

fields from AG power lines transformatosi in

elektridna

. oprema

( } HV power lines,
power

substations,

power planis,

transformers and

electrdc

equipment

3.| IEEE Std 644-1994 Standardni postopki IEEE za meritev § Hz-30kHz visokonapetostni
brez tock 4.3, 8.3 izmeni&nih elektiénih in magnetnih polj dalinovodi,
wilhout points 4.3, 6.3 energetskih vodov {fransformatorske
1EEE standard procedures for measurement postaje,

of power frequency electric and magnetic elekirame,

fislds from AC power lines transformatorji in
alektricna
oprema

HV power lines,
power
substations,
povser plants,
transformers and
elecldc
equipment

OB05-25 * 120
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4. | SISTIEC 81786: 2005
brez ok 5.2, 6.2
without points 5.2, 6.2

Merjenje nizkofrekvenénih elekiromagnetnih
polj z vidika jzpostavijencstl ljudi — Posebne
zahteve za instrumente In napotki za merjenje
Measuremant of low-frequency magnelic and
electrc fields with regard fo exposure of
human belngs — Speclal requiremeants for
instruments and guidance for measurements

frekvanéno obmodje:
16 Hz - 9 kHz

frequency rangef
16 Hz -- 9 kHz

visckonapetosin
daljnovodi,
transformatorske
postaje,
elektarne,
frasformatorji in
elektriéna
oprema

HV power lines,
power
subsfations,
power plants,
transformers, and
electric
equipment

Tabhela / Table 2

iavant,

5. | SIST EN 61000-4-4:2013 Elektromagnetna zdruZljivost (EMC) - 4-4, del; | frekvenéno obmodje: | sekundama
poglavie 7.4, samo asimefriéne Preskusne In merilne tehnike - Preskus (0~ 100) MHz oprema v
prenapetosti odpornosti proti hitrdm elektrinim prehodnim napetfostno visokonape-
clause 7.4, asymmelrical pojavom/razpoku (\EC 61000-4-4:2012) obmodje: tostnih, srednjena-
overvoltages only Efectromagnetic compatibility (EMC) - Part 4- (02500} Veff petostnih in

4: Testing and measurement lechniques - nizkenape-tostnih
Electrical fast translent/burst immunlily lest frequency range: transforma-torskih
{0 —100) MHz postajah,
voitage range: elektrarmah
muodificirana QPA.8.EMC Merjenje prehodnih prenapetost (0-2500) Veff secondary
modified Measurement of transient overvoliages equipment in HV,
. ' MV and LV power
substations,
power plants
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Tl o 1% D 5 = 5l
SIST EN 50522;2041 Ozemljitve mognostnit indtatacl, ki presegajo razdelilne
paragraf L.2.2c), L4 a, L4 b 1 kV izmeniéne napetosti transformatorske

paragraph L.2.2c), L4a, L4Db Earthing of power installations exceeding 1 kV postale, razdeliine

a.c. postaje,

transformatorske
postaje, elekirarne

povser slations,

< power

substations,

power plants

7. | SIST EN 50522:2011 QPA.B.0Z Meritev ozemljitvene impedance z razdelilne
paragraf L.2,2¢) visokotokovno metodo transfermatorske
paragraph L.2.2¢) Measurement of impedancs fo earth using postaje, razdeliine

modificirana heavy current Infection method postaje,
modified fransformatorske

pestaje, eleklrame
power sfalions,
power
subslations,
power plants

o

Kaopiia priloge za objavo na spletasm mesly, 7 Copy of aitachment for weh publishing.

Tabela / Table 3

SIST ISO 1988-2:2007 Akustika — Opls, merjenje in ocena hrupa v obmotje merjenja: hrup v okolju
okolju — 2. del: Doloanje ravni hrupa v okolju (34 - 108) dBA environmental
Acoustics- Description, masurement ansd frekvenéno obmodje: noise

assessment of environmentsl noise ~ Parf 2! (20 — 20.000) Hz
Determination of environmental noise levels

v povezavi s SIST 1SO 19956-1:2008 rangs of measurement.
(34 — 108) dBA
frequency range:

(20— 20.000) Hz

Stran50d 10
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3.2.2 Laboratorij OCK, Hajdrihova ulica 2, 1000 Ljubljana

Tabela / Table 4

9, AKustika — Slabljenje zvcka pri &irjenju na obmodje izratuna: hrup v okaljuy
prostem — SploZna metloda za ratunanje (34 ~108) dBA environmental
tzradun na osnovi meritev izvedenih po frekvengno cbmodje: noise
sfandardu {100 — 8000y Hz
SIST 150 1985-2
Acoustics — Altenuation of sound during range of measurement.
propagalion outdoors - General mathod of (34— 108) dBA
calculation frequency range:

The calculation on the basis of measurements | (100 - 8000) Hz
carried ouf according lo standard SIST 18O
1956-2

10. |- IEEE Std 656-1992 |IEEE standard za merjenje akusti®nega hrupa | Obmodje merenja: hrup
daljnovodov (34 — 108) dBA dalinovodov v
IEEE Standard for the Measurment of Audible | Frekvenéno obmodje: okolju
Noisa From Overhad Transmission lines (20 - 20.000) Hz noise from

overhad
range of meastrement. transmisslon
(34 — 108) dBA finos
frequency range:
(20 — 20.000) Hz
My sihizy gor iteyeies i :"\hli';n.!n nz) ardesirieng iveseny LG sy abiglebrnent fevr wierby sibliahing

11.| SIST IS0 7936:1996

Emlisije nepremitnih virov - Ugotavijanje
masna kencentracle Zveplovega dioksida -
Delovne karakteristike avtomatskih meriinth
metod

Stationary source emissions - Determination
of the mass concontration of sulfur dioxide -
Performance characlerisiics of automated
measuring methods

§0;: (1 - 20C0) mg/m?

cdpadni plini
wasle gases
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12, [ASTM D 2156-94:2003 Standardna preskusna metoda za dologanje dimno Stevilo: odpadni plin
dimnega $Stevila v odpadniti plinih pri 0-9 wasle gases
izgorevanju destiliranih goriv

Standard Test Method for Smoke Densily in
Flue Gases from Buming Distiliate Fuels

13. |SIST ISO 10780:1996 Emlsije nepremitnih virov: Meritev hitrosti in v (2—-48)mis odpadni plini
volumskega pretoka plinskih tokov v wasle gases
odvodnikih

Stationary source emisslons - Measurement of
velocity and volume flowrate of gas streams in

ducts
14. |SIST EN 14385:2004 Emisije nepremiénih virov — Dolotevanje odpadni plini
samo vzoréenje celotne emisije As, Cd, Cr, Co, Cu, Mn, N, wasie gases
sampling of only Pb, Sb, TlinV

Stationary source emissions - Determination
of the fotal emission of As, Cd, Cr, Co, Cu,
Mn, NI, Pb, Sb, Tl and V

15.| SIST EN 13214:2002 Kakovost zraka — Emisije nepremiénih virov — ’ i odpadnl plinl
samo vzoréenje RoZna metoda za dolodevanje celotnega waste gases
ruof|isampling onfys v b vl Zvéaalsebran maaiy. / Gopy of atte|chmnent for wed pelolshing,
' Alr qualify - Stallonary source emissions - i
Manual method of determination of the
concentration of {clal mercury

16.| SIST EN 15058:2008 Emisije nepremi&nih virov — Dolofevanie CO: (0,5 - 1250) mg/m? cdpadni plint
masne koncentraclje ogljikdvega monoksida wasle gases
(CO}) — Referenéna metoda: nedisperzivna
infrardeda spekirometrija

Stallonary source emissions - Delermination
of the mass concentration of carbon monoxide
(CO) - Reference method: Non-dispersive

Infrared spaciromstry
17.1 SIST EN 14792:2006 Emisije nepremiénih virov — Dologevanje NOy: (0,5 — 2600} mg/m? odpadnl plini
masna koncentracije dudikovih oksidov (NOx) wasle gases

~ Referenéna metoda: kemiluminiscenca
Stallonary source emissions - Datermination
of mass concentration of nitrogen oxides
{NOx) - Reference method:

Chemifuminescence
18.| SIST EN 14789:2005 Emisije nepremiénih virov — Dololevanje Q02 (0,1-25) % val. odpadni plinl
volumske koncentraclje kisika (02) — wasta gases

Referencna metoda: paramagnetizem
Stationary source emlissions - Determination
of volume concentration of oxygen (0O2) -
Reference method — Paramagnetism .
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19.] SIST EN 12619:2013 Emisile nepremitnih virov - Dofodevanje (0,1 200) mg/m? odpadnl plint
masnih Koncentraclj celotnega organskega wasle gases
cgljika v plinasti fazi - Kontinuirana metoda
plamenske ionizacljske detekclje

Stationary source emissions - Delerminalion
of the mass concentralion of tolal gaseous
organic carbon - Continuous flame ionisation

delecter method
20.| SIST EN IS0 16911-1:2014 Emisije nepremlénin virov - Rotno In v {230y m/s cdpadni plini
aviomatsko dolo&evanje hitrosti in waste gasos

volumenskega pretoka v odvednikin - 1. del:
Roéna referenéna metoda

Stationary source emissions - Manual and
aufomatic defermination of velocity and
volume flow rafe in ducts - Part 1: Manual

reference method
21.| SIST EN 14211:2012 Kakovost zunanjega zraka — Standardna NO: (2-1200) pg/m3 zrak
brez poglavia 8in 1.1 metoda za dologanje koncentracije NOa: {2-500) ug/m? afr
without chapler 8 and 11.1 dusikovega dioksida in gulikovega monoksida
_ s kemiluminiscenco
roije prifoge va abiava ne| AmbleptagualitisSlandand methed for the v byt o0 web priblshing,

casurement of tha concentration of nifrogen
dioxide and nitrogen monoxide by

chemiluminescence
22, SIST EN 14272:2012 Kakovost zunanjega zraka — Standardna S0z (1-1600) pg/m? zrak
brez poglavja 8 in 1.1 metoda za doloanje kencentracije Zveplovega air
without chapler 8 and 11,1 dioksida z ultravijoli¢no flucrescenco

Ambient alr quality — Standard method for the
measurement of the concentration of suiphur
dioxide by uitraviolet flucrescence
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Emisije nepremiénih virov - Roéno dofotanje
masne koncentracije trdnih delcov
Statfonary source emissions — Manual
delermination of mass concentration of
particulate matter

celatni prah:
{20 — 475) mg/m3

odpadnt plin
wasle gases

24,

SIST EN 13284-1:2002

Emisije nepremiénih virov — Dolofevanje
majhnih masnih kencentracij prahu — 1, del;
Rocna gravimetrijska metoda

Stallonary source emissions — Defermination of
fow range mass concentrafion of dust — Part 1:
Manual gravimetric method

celotnl prah:
(0,5 — 50) mg/m?3

odpadni plini
wasle gases

25,

VDI 2066 Part 10:2004

Maritev emisij PM:o In PM2s na nepremigénih
virih onesnaZevanja z impaktorjem

Massung der Emissionen von PM1s und PiMz5
an gefanrten Quellen nach dem
Impaktionsverfahren

PMzs: (1 —50) mg/m?
PMjqg! (2 — 50) mg/m?

odpadni pfinl
wasle gases

- 2uqanj]zragﬂstandardnagre}virpetnjsk n}rit] a

& doloeEvAR]e Thishe kondehtiatly frik

!edber‘.lh delcev PM10 ali PM2,5

Ambient air - Standard gravimetiic measurement
method for the determinalion of the PM10 or
PM2,6 mass concenlration of suspended
parictlale maltor

L Uil

> 3
HERSMor web puls

27.

SIST EN IS0 1911:2011

Emisije nepremiénih virov - Dolo&evanje masne
koncentracije plinskih kloridoy, izraZene kot HCI
- Standardna referenéna metoda — Analiza
vzosca se lzvaja po metodi B

Statlonary source emissions - Determination of
mass concenlration of gaseous chiorides
expressed as HCI - Standard reference method
~ Sample analysis according to Method B

HCI; (1,5 — 5000) mg/m®

odpadni plini
wasle gases

28.

SIST EN 14791:2005

Emisije nepremi&nih virov — Dologevanja masne
koncentraclje Zveplovega diokslda — Referenéna
metoda

Statlonary source emissions - Determination of
mass conceniration of sulphur dioxide -
Reference method

803 {20 - 500) mg/m3

odpadni plinl
waslte gasos

20.

SIST ISO 15713;2009

Emisije nepreminih virov — VizorSenja in
dolofevanje plinastega fluerida

Stationary source emissions - Sampling and
determinalion of gaseous fluoride content

HF: {0,5-200) m{glm?'

odpadni plin
wasle gases

30,

LAY
SIST EN 147802005

Emisie nepremiénih viroy -- Dolodevanje vodne
parg v odvodnikih

Stationary source emisslons - Determination of
the water vapour In ducts

viaga: (68-250) g/m®  *

odpadni pin|
wasls gases

B)S5-

25 ¥ 1zd0ja 6
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3.2.3 Laboratori za visoke napetosti (LVN), Jamova 20, 1000 Ljubljana

Tabela/ Table 6

31.| IEC 80060-1:2010 Visokonapetostnl preizkusi elektdénih naprav lzmeni&na napetost: visckonapet
razen tofke 4.5 High voltage fesls, do 500 kV ' ostne
except poinf 4.6 Enosmerma napetost: naprave
do 600 kV high-voltage
Udarna napetost: equipment
L| do 1800 kV
Sl do 1100 kV
32, | IEC 61284:1997 Meritev korone In radioinierferenéne napetosti do 500 kV visokonapet
fotka 14 (RIV) ostne
point 14 Corona and radio interference voltage (RiV) naprave
tosts high-voltage
equipment

Hpomilsr Neldeur a1 abiavo na splatnenm inest / CGopy of altachrent for wet publishiog,

«  Vvseh totkah podrobnega obsega akreditaclje, pri katerih v nubriki “Obmogje preskusanja; Negotovost rezultata preskudanja” ni
navedenth podatkov, veljajo delogila posameznih standardov oziroma nestandardnif preskusnih metod, ki se na to nanadajo.
in ali columns of the scope of accreditation where the cells under *“Range of measurement, testing; Uncertainty of the result of testing”
are emply, tha provisions of the relevant standards or non-standard testing methods should apply.
+ V todkah podrobneaa obsega akreditacije, pri katerih sta v rubriki "Oznaka standarda™ navedeni dve ali ve oznak standardov, se sklic

nanada na v celoti identiéne standarde.

In those columns of the scops of accreditation where the cells under “Reference” specify fwo or more codes of standards, tho complete

citation to identical standards should apply.

R
Iprioge Kiakrec
R@..:mﬁﬁ&{f

[saniioril

j'.l
odpisanii

oratiie

S it

Direktor / Director
dr. Bostjan Godec

OB05-25 ¥ (zdaj6
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Ha 6natka Ha CNOBEHCKA AKPEAMTALMA
An-063

CEPTUOUKAT 3A AKPEAUTALMA
ENEKTPOMHCTUTYT MWAAH BUOAMAP

yAa. XaHapuxoea 2, 1000 /Tobnana, ChosenvAa

NabBoparopun OBEHO, Nabopatapyn O0OK, MaBopartopwu JIBH

l'ophata opraHMsauma e akpeauTMpaHa ot CnoBeHcKaTa Akpeautaumna (CA), Kato M3nUTBaTenHa
nabopatopua. TO3n AOKYMEHT YA0CTOBEPABA CLOTEETCTBHE € M3MCKBAHMATA Ha cTanAapTa CHUCT EH
WCO/MELL 17025:2005 (SIST EN ISO/IEC 17025:2005) 33 0n06pexua obxsaT 3a aKpeAMTaLIMA, KaKTo &
OMMCAHO B GHEKCA, 0TBENA3AH CbC ChLUMA HOMED.

MbpBoHavYaAHa AaTa 3a akpeguTauws: 30 mail 2005r.

Taau arpeaNTaLLMA OCTABA B CW/1A DU YCA0BME, Y€ aKPEAMTHPAHATA OPraHU3aLMA HaNbAHO OTTOBAPA U
CLOTBETCTBA C M3MCKBAHMATA 32 aKPeAMTUPaHE, KOUTO ca onpeaeneHi ot CA Upes HabaoseHue.
WHbopmaLma 3a HacTOAMA CTATYT Ha aKpeAUTUPaHe Mowe Aa Gbe HaMepeHa Ha MHTEPHET cTpaHkuaTa

Ha CA: www.5a.20V.5l.

CnoseHcrata Akpeautauma {CA) noanuesawa cTpaHa Ha MHOTOCTPAHHO CNopasyMenue 3a Esponeiicio
ChTpyAHWUHECTBO 33 Akpeaurtama (EA) v MeskayHapoano CbTpyAHWYECTBO 3a AXpeAMTaLMA Ha
NaGoparopuy (MCAN) 3a kaaubpupare U usnuTBaHe.

NioBanHa, 24 centemepy 2008r.

MpeaoAbT Ha HbArapcki esuk e uasbplieH oT CredaH MuHues







Pedh. No.: 3150-0138/10-0007
Wanaped Ha: 30 mail 2016

3ameHsa AHekc w3naaeH Ha: 1 onn 2015
Hndhoprayua 3@ HacmoAWUA akpedumayuioHeH CInamyc @ HallliyHa Ha UHMepHem crnpaHutiama Ha CA: wwiw.slo-akreditaclfa.sl.

AHEKC kM Ceprudmkar 3a Akpegutaums
Howmep J1M-063/LP-063

1. AKpeaunTrpaHa opraHmaanma:
ENEKTPOUHCTUTYT MUNAH BUOMAP
yn. Xappuxosa 2, 1000 MlioBnaHa, Cnobexus

2 CTAHOAPT
CUCT EH UCOMELL 17025:2005 (SIST EN ISO/IEC 17025;2005)

3 OBXBAT HA AKPEOUTALMATA

CA ¢ racmosiuiomo nomsbpxdasa, Ye akpedumuparama opeaHusauus Npumexasa
KoMnemeHUUAKOMIEMEHMHOCT 3a tidgbplisatemo Ha criedrume deliHocmu:

3.1 KpaTKo onvcaHue Ha 0GXEaTa

Tecmeare Mo omHoleHUe Ha euda Ha U3NUMBaHemo:

* He-lORU3UPaLYD NbYEHUE (enexmpomMazHUmHa paduayus, eneKmpoMazHUNIHa CLeMECUMOCT)
* aKycmuKa, Wy, subpayul (wym)

* g3eMaHe Ha npobu

* XUMUS

* (hUaLNecKU Mmecmose

TectneaHe ebe epbaka ¢ auida Ha usnumeanus obexkm:
* oKofiHama cpeda u npobu om oKosiHama cpeda (eeKxmpoMagHUMHU ITbYEHUS], OKOSIHama
cpeda, UsmouHULU Ha emuUCUU Ha seujecmea, 8b30yxX)
* effekmptveckl apodykmu U obopydeare (enexkmpomexaHuyHy yempolcmaa)
3.2 MoapobeH o6xBart Ha aKpeaUTUPAHETO
3.2.1. NABOPATOPWW TABEHO, yn. Xakgpuxoea 2, 1000 JlioBnsHa, CnoseHws

Tabnuua 1

Tvn Ha obxeata: hukcupaH

Macto: Ha oOexmakia nonemo
Manumeane o OmMHoWwekHIe Ha mufa Ha usnumseaxe: He-lioHu3upalo AbYyeHile (enexmpomaznumya paduayus,
€IIeHMPOMAZHUMHA ChBMECTIUMOCT)
Tecmaatie sba 6pb3Ka ¢ auda Ha UINUMBaHua obexn): okoHama cpeda U NPobu om okoHama cpeda (enexmpoMasHUMAY
ABYGHUA, OKONHAMa cpeda, UIMOYHULI Ha eMUCUU Ha aettecmaa, 813dyx)

Houep Pegrapotilua xom 3aanasue Ha cmandapm O6xeam Ha usnumeanemo; | Mamepuanu; npodyxmu
cmaHdapm unt He- unu kecmandapman Memod | HecueypHoem xa
crakdapment memod 3a 3a uanumeane u pesynmama om
uanumaane EBOHMYASHY NPRRPAMKY vanumeanemeo (kedemo e
KbaT Opyeu cmandapmu Uy | ApusoXuso)
memodu
SIST ENV 50166-1:1995 | Manaeane na voseumts | 6 Hz—10 kHz Curioagu NuHuY BUCOKO
1 u3meener Op2aHu3bM Ha Hanpexenue (BH), .
: be3z enasa 4 abadelcmeuemo Ha nodemaHuull,
eRexmpoMagHuYmHu ueHmpanu,
nonema ¢ HucKa mpadcghopMamopy i
vecmoma(0 HZ do 10 enekmpoobopydaaHe
kHz)
|EEE Std 644-1987 IEEE cmanBGapmHu 5Hz-30kHz Cunoeu nusuu Bucoko
2 Bea moyiu 4.3, 6.3 npouedypu 3a Hanpexenue (BH),
. usMepsane Ha nedemanyu,
ENeKMPUHEcKy U YeHmpany,
MaeHUMHU fonema ¢ mpaHehopramopu U
fpoMULLIIeHa Yecmoma . erexmpoobopydeaHe
om AC cunosy nuRUU /7

MpeeoAbT Ha BbArapcku esuy e uasbpie ot Ctedan Mupues
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IEEE Std 644-1994
be3 mouku 4.3, 6.3

IEEE crandapmnu
npoyedypu 3a
usKepsate Ha
efteKmpuUdecky U
MasHumAL NofIema ¢
npoMulIneta yecmoma
om AC cunoat guHul

§Hz~30kHz

Cunosu nuxut Bucoko
Hanpexenue (BH),
nodemanuuy,
Yexmpant,
mpaHxcghopMamopu U
enekmpocbopydsaHs

Tun Ha ofxeara: pukcupaH
MAcTO: Ha oBexmasia nonemo

Hanumaarie 10 OMHOWENUS Ha MUNa HA U3NUmeaHe: He‘ﬁonusupamo JAvYeHue (enexmpomaayumua paduaqu,q,

efleKmpoMasHuUMmHa CI:BMECMUMOCM)

Tecmeans sba gpb3Ka ¢ sUda Ha uanumMsanus obexm: okonHama cpeda U npobu om okonHama cpeda (eMCRMPOMazZHUMHLU
NbYeHud, OKONHAamMa cpeda, UAMOYHULN Ha eMUCUU HA Bellecmea, ebadyx)

Houep Paghepenuyua kps
cmandapm uny He-
cmandapmen Memod 3a
uumeane

2az1aeue Ha cmandapm
ung Hecmandapmen Memod
3a usnumeae u
eseHmyantu Apenpamu
Kby dpyst cmardapmy uny
mMemodu

OBxeam Ha u3nUmeanemo;
HecuaypHocn Ha
pesyamama em
y3numaanemo (kodemo a
RPUMOXULO)

Mamepuanu; npodykmu

SIST IEC 61786: 2005
Ges Touxu 5.2, 6.2

Hamepsate Ha
HUCKOYECMOmHAU
MaeHUMHL U
effekmpuMecKy nonema
10 OIMHOWeHtE Ha
usnaaaHemo Ha
4OBELIKOMO MANC —
CreluanHu U3UCKeaHUA
3a U3MepsamenHume
npubopu u
prKOgodCMmEr 3a

UsMepssHuA

Yecmomen obxeam: 15
Hz—- 9 kHz

Cunosu RURUY,
nofcmanyut,
ueHmpany,
mparcehopramopu U
enekmpoobopydaane

Tabauya 2

Tun Ha obxeara: hukcHpaH
MncTo: Ha oGekralia nonero

ManuTeare No OYHOLLEHKS HA THNA Ha HanNKTBaHS; He-HOHM3UPale AkYeHue (GHEKTPOMaI’HHTHa paguauuA, enekTpoMarHiTHa

TecTRaHe BbE BPL3KA C BUA HA U3NWTBARMS ODEKT: eNeKTPHYECKH NPOAYKTH M 0Bopy/naHe (erlekrpoMexannyHil yeTpoicTea)

CbBMECTHMOCT)

Howmep Peghepertiua Kuif
cmakdapm uny He-
cmarnfapmen memod 3a
wanumeaio

Baznaaue Ha cmandapim
A HecmandapmeH Memod
3a vanumeana
BESHMYRNHU NPERDAMKY
Kb Opyet! cignGapmi hny
semodu

Obxaam Ha UsNUmeaHeme;
Hecuayphocm Ha
pesynmama om
usnumearemo {kudemo o
apunoxuMo)

Mamepuami; npodykmu

SIST EN 61000-4-

Enexmpomasiumia

YecroreH obxear: (0 —

Cunosu nodemakuut u

5 42013 cremMecmurocm (EMC) | 100) MHz QNEKMPUHECKU
: - Yacm 4-4. Q6xeam o yeHmpant ¢ Bucoxo
xnayaa 7.4, TecmeaHe U mexHuKy HanpexeHue; Hanpexenus (BH),
aCUMEMBUYHU 3a uaMepeaHe (0-2500) Voff Cpedto HAnpexeHue
fDeHanpexeHus camo Enexmpuyecku 6vp3 (CpH) u Hucka
napexoden npouec/mecm Hanpexaruse (HH)
3a npobus
POMEHEHO Wsmepeane Ha
NpexoHH
NPEHANPEXEHUsT

eBOABLT Ha Bb/rapcku e3uk e 1asbpeH ot Credan MuH4es







Tun Ha obxpaTa: huxcHpaH
Mscro: Ha oBekTa/Ha nonero
WanuTeaHe No OTHOILEHKE HA THNA HA K3NUTBZKE: He-HOHU3KPALLO NbYyeHHe (BNeKTPOMarHHTHa paarauKa, enekTpoMarinTHa

CLBMELTHUMOCT)

TecTBaHE BbB BPb3Ka G BIAA Ha UANUTBAHWA COEKT: eNEKTPHYSCKU NPoayKTH W 6BopyaBate (BriexTpoMexaiinyHy yeTpoiicTaa)

Howuep Pedhepenyun oy Jaznaatte Ha ecmandapm Oo6xeam xa uznumeanemo; | Mamepuanu; npodykmu
Cmandapm Unu He- uny Hecmandapmed memod | Hecueyphocm wva
cmandapmen memod 3a 3a uInuUMeans u peaynmama om
uanumeasna 8eHMYanHY npeRpamky usnumsaxnemo (kedemo o
KM dpyzu cmandapmy uny | npunoxusio}
semadu
SIST EN 50522:2011 3a3emaBaHe Ha CUTOBY Cunosts cmaHuuy,
5 napazpach L.2.2¢), L4 a, | wHcranauuu Hag 1 XV noGemanyuy u
’ L4b a.c. BneKmpUYecKy
ueHmpanu
SIST EN 50522:2011 Hamepears Ha Cunosu cmaruuy,
7 napazpadh L.2.2¢) urMnedaHe Kb 36048 ¢ nodomanyuiy i
! U3NON3eaHe Ha Memoed ¢ ENeKmpUYeTKY
MNpomeHeH 2ONAM UHXEKMUpaH uexmpanu
mex
Tabnnua 3

Tvin Ha obxsaTa: dHKCHpaH

MscTo: Ha ofekTa/Ha nonero
3nuTBaHe No OTHOLLEHKS Ha TIMNA Ha KANUTBAHKE: aKyeTHKa, WyM, BuBpaLmi (ym)
TecTeane BLB BPb3ka G BUA Ha M3NUTBaHWA ofiekT: oxoriHara cpeaa v npobu oT okonHarta cpefa {okonwara cpeaa)

Hauep Pedbepenyus kou 3aznaaue Ha cmandapm O6xeam Ha usnumeanemo; | Mamepuanu; npodyxmi
cmandapm unu He- unitt Heerandapmen memod | Hecuzyprocm ua
cmzhidapmen memod za 3a vanumease u pesynnama om
vanumeaxe 8eHMYyantu NPenpamxu usnumeanemo (kedemo e
KbM dpy2u cmandapmy unt | npunioxuss)
Hemody
SIST IS0 1996-2:2007 Akycmurka- OnucaHue, Obxaeam Ha usMepgade: | Llym B okonHata cpeaa
8 uaMepsaHe U oyeHka Ha | {34 — 108) dBA

wymMa 8 okopHama
cpeda - Yacm 2:
Onpedennne Ha Hueama
Ha Wy 8 OKOHama
cpedav

Cworeercreue ¢/Bbs
epwaka ¢ SIST1SO
1996-1:2006

Yecmomen abxsam.
(20 — 20.000) Hz

Twn Ha ofxeata: hurcHpan

Mscro: Ha oBexTalHa noneTo
MannTeaHe o oTHOWERKE Ha TUAA HA NANUTBaHe: aKYCTHKA, Wy, BUBpauuH (1uym)
TecTBaKe 8bB Bpbaka G BiAA Ha MANWTRaHKA ofiekr: oxornHara cpepa M npobu oT okontarta cpeda (okonHaTa cpeaa)

Houep Pedropssijus kem Jaznaee H2 cmanGapm Qbxaam Ha usnumearemo; | Mamepuanu; npodyumu
cmandapm uall He- it wecmandapmen Memod | Hecwayprocm na
cmandapmen uemod aa 3a usnumMegHe U pesynmama om
usnumaane eseHMYAnHY Rpenpamki vsnumseanemo (kedemo @
KbM dpyau cmandapmu uau | npunoxuio)
memodu
SIST IS0 9613-2:1997 Axyecmuka - 3amuxeare | Obxeam Ha lilyr & oxonnama cpeda
9 Ha 3eyxa no apeie Ha U3MEpeaHUsma;
. pasnpocmpaneHuemo (34— 108) dBA
My Ha omrpumo - OBy Yecmomen obxeam:
Memod 3a uzvucnasave | (100 - 8000} Hz
HsyucnsgaHemo Ha
Bazama Ha
uzMepeaHuAma,
U3BBPWIEHL 8
CLOMSEMCMALE ChE
cmatdapm SIST ISO
1996-2
IEEE Std 656-1962 IEEE Cmandapm 2a Obxegam Ha LLlyns T npeHecH
10 uaMepgane Ha 3aykoa usMepaayama: BbagyLLHU
: WiyM Om [PEHOCHU (34— 108YdBA eNexTpONRO0AN
au30VIWHL Yecmofnen obksam:
enexmponposodu 20— Q’ 000f Hz

MpesogsT Ha 6bArapcKyU e3uK e v2ebpleH ot CredaH MuHues







3.2.1. TABOPATOPWK COK, yn. Xangpuxosa 2, 1000 Jiw6nada, CnoseHus
Tabnwiua 4

Tvin Ha cbxBaTa: puKcUpaH
MrAcra: Ha oGekmaMa nonerno
H3anumeane nNo OMHOWEHUS Ha MURA Ha U3INUMeans; azeMane Ha Npobu, XuMud, thuaudecky mecmose
Tecmeang eba 6pb3ka ¢ sUda Ha Usnumaarus obexm: oxonnama cpeda U npofu om okonHama cpeda (UIMOYHULU Ha eMUCUU HA
aeliecinga, ebadyx)
Houep Padheperuusa kol 3azmasue Ha cmardapm Obxeam Ka uanumeawemo; | Mamepuanu; npodyxmu
cmakdapm unu He- unu Hecmandapmex memod | HecuaypHoem Ha
cmarnBapmer Memod 3a 38 UINUMERHS U pesynmama om
u3numeaxs egeHmMYyanuy npenpamsu usnumseanema (kedema e
Kb Opyau crnakdapmiu uny | Aptinoxuso)
Memodu .
SIST IS0 7935:1996 Exuctit om SO2: (1 —2000) mg/m3 OTnagHy rasoee
1. HenodsaLXAY
usmaoysulils -
Onpedensne Ha
Macogama
KOHUSHMpayua Ha
cepeH duokoud -
PabomHu
Xapaxmepucmuki Ha
agmoMamuszupanLs
memodu 3a usmepsanes

Tun Ha obxeata: ghukcupan
Mscro: #a oGexma/a nonemo
Hanumsare no OMHOWEHNE Ha MURA Ha U3numMeane: aeMaHe Ha npotu, Xuius, (hizudeck mecmoee
TecmeaHe 816 8pB3Ka ¢ eUda Ha UIMUMAaaHUA 0OeKm:
getitecmaa, 8badyx)

CKOMHama cpeda u H,DOGH Om OKoNHatma cpeaa (usmo'-muqu Ha emucuti Ha

CKOROCHIMA HA CKOPOC
u Oebum Ha sasostime
flomoyy 8 nposodume

Howuep PethepeRyir koM 3aznasue Ha cmaHdapm O6xaam Ha vanumeanemo; | Mamepuanu; npodykmu
cmandapm unu He- unli HecmaxdapmeH memod | Hecuayprhocm Ha
cmandapmeH Memod 3a 3a vanumeane v pesynmama om
usnumeaxe eseHmyansy npenpamxu u3numearemo (kndemo e
Kby dpyat cmandapmu uny | npunoxuso)
Mmemodu
ASTM D 2156-94:2003 Cmandapmen Memo0 38 | YyecTeuTenHocT 3a QTnanku rasose
12 usnumeaHe Smoke auM:
’ Mpemuocm @ dumnume | 0-9
2a308€ OmM U328pAHEMO
Ha decrnunamyu sopusa
SIST IS0 10780:1996 HenodsuxHu v (2-48) m/s OTtnaaxv rasoee
1a. USMONHUYY Ha eMucul -
UimMepaaHe Ha

SIST EN 14385:2004
Camo npotu

Esucuy om
HEeNodsUXHU
USTHOYHLILY -
OnpelanaHe Ha
obwomo Konudecmeo
Ha eMucuume Ha As,
Cd, Gr, Co, Cu, Mn, Ni,
FPb, &b, Tland V

Ornaghu razose

SIST EN 13211:2002
camo npobys

Kavecmeo Ha ebadyxa -
HenodesuxH
L3MOYHUYY HE eMUCUL -
Manual Memod aa
onpedensHe Ha
KoHUeHmpayuama Ha
obWUA KueaK

OTnafikd raacee

16,

SIST EN 15058:2006

HenodsuxHu
UIMOYHUYU Ha eMucul -
Onpedendne Ha
KOHUEHmpauyama Ha
rMacama Ha evenepodex
oKkue (CO} -
Pedbepenmen mMemod:
He-ducnepctiont
UHgpavepseHa
CITBKMPOMEMpUR

CO: (0,8 ~ 1260) mg/ms

OTnagHxy razoee

MpesoabT Ha HBATAPCKM 3K e Masbptuer ot Ctedan Munves
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SIST EN 14792:2006

HenoQeaLru
UIMOYHUYY Ha eMucuy
Qnpedenane Ha Macoaa
KOHUSHMPAUUA Ha
aiomuy oxcudu (NOx) -
Pechepermen Memod:
XeMUTYMUHECUBHUYS

NOx: (0,5 — 2000}
mg/ma

OTnagHy Fascke

18,

SIST EN 14789:2005

HenodawxHu
U3MOYHULU HA eMucly -
Onpedenane Ha
KoHUeHmpayuA obemM Ha
xucnopod (02) -
Pechepetimen memod -
napaMasHemuabM

Oz (0,1-25) % vol,

OTtnaghv razess

Tun va obxeara: grukcupan

MscTo: Ha ofexma/ia nonemo
HanumeaaHe Ho OMHOWEHUS Ha MUNA Ha UNUMAEaHO. 63eMaHe Ha NpobU, XUMU, PULYECKY Mecmose
oxonHama cpeda u npobu om oKosHama cpeda (UIMOYHULL Ha eMUCUY Ha

TecmaaHe 8ba 8pB3KA ¢ euda Ha UITUMaanuUs obekm:

geljecmsa, abadyx)

Howmep

Peghepenutin koM
cmaxdapm unu He-
cmandapmen Memod 3a
uINUMBAHE

Jaznaetie Hi cmandapm
uay HecmandapmeH memod
3a usnumeane u
egaHmyanHy npenpamxy
KBM QpYeu Cniaddapmu unu
Hemodu

Obxgam Ha UaMumaanemo;
Hecuayprocn Ha
pezyamanta om
v3numeanemo (kbdemo @
RPUROKUMO)

Mamepyanu; npodykmiu

19.

SIST EN 12619:2013

Herodsuxmu
U3MOYHLIYY Ha eMucuy -
Onpedenane Ha
KOHUEHmMpaUuAma Ha
Macama Ha obuus
2a3000paseH opaalliyeH
abahepod -
HenpexkpcHamo nnamok
Memod ficruzayuonen
demekmaop

{0,1- 200) mg/ma

OTnaguy rasoee

20,

SIST EN IS0 16911-
1:2014

CmauucHapry
U3MOYHUYY Ha eMucuULt -
PBuHO U asmoMamuyne
onpedensane Ha
cxopocmma u

debum e kaHant - Yacm
1! Prwuto pechepermen
Memod

v: (2 -30) m/s

Ornanyy rasoee

21.

SIST EN 14211:2012
Beaenasa Bu 11.1

Kayecmso Ha
amMocgiepHun exsdyx -
cmaHdapmeH memeo sa
usMepeate Ha
KOHUEeHmMpauuama Ha
asomeH GUOKCUS U
a30MeH MOH00XCUD
ypes
XSMUTYMUHECUEHUUS

NO: (2-1200) Og/ma
NOz2; (2-500) Og/ma

BL3AYX

22,

SIST EN 14212:2012
besamasa 8u 1.1

Kavecrmao Ha
ammochepHUsa ebadyx -
cmatidapmeH Memod 3a
U3rMepsaHe Ha
KoHUeHmpayuama Ha
ceper Guckeud om
yampasuonemosa
rvopecyeHLUs

SO0z (1-1000) Og/ma

Bb3AYX

OAPFHA GLArAPCKY B3UK e 3BbpLIeH ot CredaH MyH4es
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Tabamua 5

Twun Ha obxeaTa: ghukcupan

MncTo: Ha o6exma/Ma nosfemo U 8 nadopamopusn

HManumeane no omHolWeHUe Ha muna na uditumeane: eaeMaHe Ha npoﬁu, xXUMUsA, husuydecky mecmose
Tecmaatie ebe 6pb3KA C suda Ha UInumeanLs obexm: oxkonHama cpeda u npoﬁu om oKkofHama cpeda (U3moyHUGU Ha eMUcCLIL Ha

aeujecmaa, ebadyx)

Houmep

PecpepeHyUs Khi
cmardapm unu He-
cmaxdapmeHd Memod 3a
usnumeane

Jaznaeue Ha cimandapm
uny Hecmandapmen Memod
3a usnumeare u
esesmyanu npenpamyd
KB dpyeu candapmu uny
Memody

O6xeam Ha v3numeanemo;
Hecueyprocm Ha
peaynmama om
uanumeanemo (xudemo &
APUNONULO)

Mamepuanu; npodykmu

23,

SIST 180 9096:2003

HemodsuxrL
UBMOYHUYY Ha eMucut -
FruHo onpedensHe Ha
1480068 KOHUSHMPaUUR
Ha wacmuuy

ChAbpraHie Ha ripax:
(20 - 475) mg/ma

OTnagxu raacee

24,

SIST EN 13284-1:2002

Henodsuxuu
USMCYHUUY Ha emucttl -
OnpedernnHa Ha MansK
obxear Macosa
KOHUEeHmMpauus Ha npax
-Hacm 1: Puyto
zpasuMempuYicH Memod

Chabpiakve Ha npax:
{0,5 - 50) mg/mz

OrnapHLs Fa3ose

25.

VDI 2066 Part 10:2004

HamepsaHe Ha
eMucuume Ha OIY10 u
GFIY2,5 Ha tsmOoYHLLU

PMzs: (1 —50) mg/ms
PMio: (2 - 50) mg/ms

OTnagHy rasoes

28,

SIST EN 12341:2014

AmmocthepHusa ebadyx -
cmandapmeH temod 3a
2pastMempLYHo
uaMepsaHe 3a
onpedenane Ha PM10
unu 42,5 maca
KOHUEHMpPaLUs Ha
cycreRdupany vacmuyu

r>2 Og/ms

BLAAYX

27,

SIST EN IS0 1811:2011

HenodgusHu
UIMONHUYY HE etaucul -
Cnipedenade Ha Macosa
KOHUeHMpatus Ha
2azoobpasHu xaopudu,
u3pasent kemo HGI -
cmaxdapmen
pedpepeHmeH temod -
aHanus Ha npoda
chanacHo Memod B

HCi (1,5 - 5000) mg/ms

OTnagHy rasose

28,

SIST EN 14791:2005

HenoOstxHu
USIMOYHULY Ha eMucuU -
OnpedenaHe Ha Macosa
KOHUEHMPayUa Ha
cepeH duokcud -
Pecbepermer memod

S0z (20 ~ 500) mg/ma

Ornaanxuy rasose

29,

SIST 150 15713:2009

CmayuonapHu
UIMOMHULY Ha emuicul -
a3gMale Ha 1pobu u
onpedensHe Ha
za3000pa3ny
cudbpxarue Ha ghnyop,

HF: (0,5-200) mg/ma

QOtnagku rasoee

30.

SIST EN 14780:2005

EMUCH OT HenogBWKHI
W3TOMHULIK -
OnpepgensHe Ra
BOAHATA Napa B
kaHanure

enara: (58-250) g/ma

OTnagku rasose

MpesoAbT Ha BbArapcky esuk e uisspleH ot Credad MuH4es
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3.2.3. Jlabopamopus 3a eucoku HanpexeHus (JIBH), yn. fimosa 20, 1000 Mobnsia, CroseHus
Tabnuya 6

Tun Ha ofxeara: pukcupan
Macro: 8 nabopamopun

Hanumeare no omHOWEHUE Ha INUNZ Ha UINUMBEHE! (PU3LYeCKU Mecmoaa
enexTPHUecKH NPOAYKTH M 0BopynBaHe {(eneKTpoMexaHMHH YCTPOiicTEa)

Tecmaans abg 80baka © eUda Ha uanumeanua ofiexkm:

Homep Pethopenyun KoM 3aanasue Ha cmaudapm Obxeam va usnumeanemo, | Mamepuanu; npodykmu
cmaxdapm uny He- unu necmarndapmen smemod | HecuaypHocm Ha
cmandapmen Memod aa 3a uznumeare u pesynmama om
vanumaane eseHmyanty npenpamey uaitimeanemo fiudemo o
KbM Opyau cmaHdapmy untt | RpUAOKULO)
Memaodu
IEC 60060-1:2010 Manuraxus ¢ BrucoKo CuHycoupanHe O6opyaeaHte 23 8KCOKO
a1 Bez movka 4.5 HanpexeHue, HanpexeHve Ao 500kV | HanpexeHue
: . [MOCTOAHHO HanpexeHue
50 600 KV
YAapHO HanpexeHus:
Ll no 1800 kV
Slao 1100 kV
IEC 61284:1997 HanumaHus 3a KopoHa Ao 500 kv OBopyasaHe 3a BHCOKO
40 moyka 14 U PadUOYECITOMHO HanrpexeHue
: cumytienus (RiV)
Benemxkn:

Bba BCMUKKM KOOHM OT 06XBaTa Ha akpeAMTaLMA, KbATO KNeTKUTe nog "06xeaT Ha TecTaaHe:
HEONPeAeNeHOCT Ha PE3YNTaT OT u3cnelpaHe” ca npasHu, cneaga da ce npuaaraT pasnopeaburte
Ha CbOTBETHWTE CTAHAARTH WAV HECTAHAAPTHH METOAM 33 U3NMUTBaHE.
B Konowure Ha obxBaTa Ha akpeauTaUMA KbAETO KneTkute nog, "PedepenTen” onpeaenat Asa nv
noseYe KOAOBE Ha CTAHAAPTH, NO30BABAHETO CE OTHACA 10 HAMBLAHO MASHTUUHM CTaHAAPTH.

Tosa e Konue OT NPUNIOXEHVETO KbM CepTUdIMKaTa 38 aKPeAMTAUMA, NPEAHASHAYEHO 3a NyBAMKYBaHE Ha
caifta. MoANMCAHNAT AOKYMENT — OPUrHHA/NKM Ca Ha PAa3NONOMKEHME 33 NPOBEPKA B LleHTpanaTa Ha CA.

Lupekmop
O-p. Boctrad Mogeyy

)

AT Ha GLAFAPCKU @3UK € U3BBPLLEH oT CTeda MuHues
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Zavod zu grodheuistye Slovenije

Stoventon Notfona! Building end Civil Engheering Institule
Dimievu ulica 12, 1000 Ejoblana, Sloventjy

htip:/ feavrwzng.si, o-niil; info@zag.sl

Na podlagi poroéila 5t. P — 1338/11-520-1 izdaja
IZKAZ O ZRAKOTESNOSTI OBJEKTA.

Objekt: Kolektor ETRA — Zrakotesna hala

Naslov: Slandrova 10, 1231 Ljubljana
Neto prostornina: V, = 47138 m3
Rezultati: Na podlagi meritev zrakotesnasti objekta zna%a vrednost urne izmenjave

zraka po standardu SIST EN 13829 — Metoda A (objekt v obratovalnem stanju)

nqis = 0,03 71

pri tlagni razliki Ap =15 Pe  glede na okolico in pri

standardnih pogojih zraka To=20°C in po = 1,01325 bar.
Datum preizkusa: 29,11,2011
V Ljublfani, dne 22.12.2011

Vodja Laboratorija za toplotno zadtito __emex, Direktor Zavoda za gradbeniitvo Slovenije
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N, [zr. prof. dr. Andra¥ Legat, yhiv. dip!. fi¢.
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Friderj}._j(ﬂ;z, univ. dipl. fiz. i
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ZAG Ljubljana

Slovenian National Building and Civil Engineering Institute

Dimiceva ulica 12, 1000 Ljubljana

http://www.zag.si, e-mall: info@zag.si

qusgq'dn' the Report No. F"~1338/11—520-1, we hereby grant

CERTIFICATE ON AIRTIGHTNESS OF BUILDING

Building: Kolektor ETRA — Airtight Hall

Locatiom: Standrova 10, 12311 Ljubljana

Net volume: V.=47138 m?

Results; Based on the measurement of airtightness of the Bullding the value of hourly

exchange of air according to the SIST EN 13829 Standard ~ A Method
(Building in the state of operation) is

Ny =0.013 b

at pressure difference Ap = 15 Pa in respect to the environment at

standard condition of the air  Tp=20°Cand p, = 1.01325 bars.

Date of test: 29 November 2011

In Ljubljana on 22 December 2011

Head of Laboratory for Thermal Protection Director of Slovenian National Building and
Civil Engineering Institute

Friderik Knez, B.Sc. in Physics Assoc. Prof, dr. AndraZ Legat, B.Sc, in Physics
(signed) (signed)

Official round seal:

Slovenian Natfonal Building and Civil Engineering Institute

Ljubliana






Podpisana Marjeta Sekirnik, prof. z odlo&bo Ministrstva za pravosodje Republike
Slovenije Stev. 756-93/93, z dne 13. junija 1994 imenovana za stalnega sodnega
tolmata za angledki jezik izjavliam, da se ta prevod povsem ujema z izvirnikom v
slovenskem jeziku,

[, the undersigried Marjeta Sekirnik, BA, certified permanent court interpreter for English
language, appointed under the Decree No.756-93/93, issued on 13 June 1994 by the
Minister of Justice of the Republic of Slovenia, hereby declare and certify that this is a
true transiation of the original document written in Slovene attached hereinbefore.

Ljubljaha, April 14, 2017
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AT AloBAsHO

CaoseHckM HauoHaAeH CrpaaeH U
CTDOUTEAHO MHXXEHEPUMHroB MHCTUTYT

Avmaesa Yamua 12, 1000 AlobasHa

hitp:/ fwww . zaa.si, e-mail: info@zqaq.si

Bb3 0CHOBA HO AOKAGA Ne P-1338/11-520-1, ¢ HOCTOALWLOTO HWE rapaHiMpame

CEPTUPUKAT 3A XEPMETUHHOCT HA CTPAAATA

Crpaaa: Koaekrop ETPA — XepMeThiHa Ccrpaad
Aokaums, Caadaposa 10, 12311 AloBasHA
OB 06em: Ve = 47138 m?

PesyAtar:  HQ OCHOBAHWE HA MIMEPBAHE HO XEPMETUYHOCTTA HA CIPAAGTA
CTOMHOCTTA HA YACOBATA NOAMAHT HCl Bb3AYXT CBIAGCHO CTAHAGPT SIST
EN 13829 — A MeToA {CrpaAQ B ChCTOAHME HO EKCNAOOTALMS) &

nis =0.013 h-!

NPEY PA3AKUKA B HOAATOHETO AP = 15 PO N0 OTHOWEHWE HO OKOAHATA CReAd, NPk
CTUHAGPTHM YCACBHS HO Bb3AYXd To=20°C 1 po=1.01325 bapa.

Aara Ha Tecta: 29 Hoemspit 2011

B AloBasHa Ha 22 Aekemeph 2011

PBKOBOAMTEA HO AQBORATOPHATC MO Anpekrop CaoseHckH HaLMoHUAEH

TEPMMWYHA 3aWLMTA CrpaAeH 1 CTPOUTEAHO MHXEHESDMHTOB
MHCTHTYT

Ppereprk KHes Npodd. Ap. AHApa3 Aerar

{MoAnMCaHO) (NoammcaHo)

OPULMTASH KPBIBA NEYAT!
CA0BEHCKM HaUMOHOAEH CrpaaeH 1 CTROUTEAHO MHKEHEPUHIOB MHCTUTYT

AODAIHO

flpesoa Ha Bbarapcky e3uK: JedaH MapuHOB .. ¢o# e







M (insTiTUT Tier ol
Gradbeni inStitut ZRIMK T =4

Building and Civil Engineering Instifute

POROCILO O OPRAVLJENIH MERITVAH TEMPERATURE IN
RELATIVNE VLAZNOSTI NOTRANJEGA ZRAKA ZA PROSTOR

»KONCNA MONTAZA«
Objekt: Proizvadni obrat Kolektor Etra d.0.0., Slandrova ulica 10, Ljubljana
Delovni nalog: DN 2005457
Cas Izvajanja meritev: Zaletek 10.2.2015 ob 8:00, zakljuéck 11.2.2015 ob 8:00
Merilna oprema: Registratorji temperature in relativne vlaZnosti zraka, tip Tinytag Ultra 2, TGU-
A ( 4500 (oznake reglstratorjev: 609969, TT1¥, 609964, TT2¥¥)
\ Kalibracija opreme: Preizkuene pri Laboratoriju za metrologijo in kakovost, Fakulteta za

elektrotehniko, Univerza v Ljubljani
% nznaka certifikata LMK 01151099, z dne 27.1.2015, in LMK0115H094, z dne 30.1.2015
% gznaka certifikata LMKO1151091, z dne 27.1.2015, In LMKO115H095, 2 dne 30.1.2015

Protokol meritey: Meritve so potekale skladno s postopki opisanimi v stan&ardu SIST EN ISO
7726:2002
Izimerjene vrednosti:
Merilno mesto Temperatura | Relativna vlaZnost
Koncn_a montaZa 25.0°C 9.8%
h=1,8m
, Koncria montaza 25,0°C 8 7%
§ h=5,2m
| N
N (
VODJA CENTRA ZA BIVALNO OKOLIJE, TEHNICNI DIREKTOR

GRADBENO FIZIKO IN ENERGIJO

 —

dr. Marjany SITANEG-ZAVRL, univ.dipl.in¥.grad, dr. BlaZ DOLINSEK, univ.dj l.ﬁrad.
bt bt . 1 I
GRADBEN! INSTITUT It / 7/ /)

e e 2 ]
Gradben indtitut ZRMK d.0.0., Dimiteva 12, p.p. 2654, 1000 Ljubljana, Slovenifa, T: +386 (0)1/ 280 81 81, F: ¥38&-0)1/ 780 81 91, E: info@gizrmbk.sf, =245 m."-'
hup://l.'.'\w.',gl-zrmk.sl,‘Identif. 5t. za DDV: 5193205783, osnovai kapital: 954.660,61 EUR, druzba reglstrirana prl okr, sodiafy v Ljubljani SRG2002/11018 hﬁ-ﬂrﬁsd







ZRMK INSTITUTE

Building and Civil Engineering Institute

REPORT ON COMPLETED MEASUREMENTS OF TEMPERATURE AND RELATIVE HUMIDITY OF INDOORL
AIR IN THE. »FINAL ASSEMBLY« HALL

g: Koiektor Etra d 0.0. Productlon Plant
andr a'uhca 10 Ljubljana '
DN 2005457

me of pe_rfgrmed measurement: Beginning on 10 February 2015 at 8:00; conclusion on 11
o February 2015 at 8:00
Measuring equipment: Temperature registrars and relative humidity of air, Type

Tinytag Ultra 2, TGU- 5400 (registrars deSIgnatlon 609969,
TT1*, 609964, TT2%*
p'ra'tion equipment: Tested in the Laboratory for Metrology and O.uahty,
' Faculty of Electn. al Engmeermg
*. Certificate LMK0115I090 dated 27 January 2015 and
LMK0115H094 dated 30 Jantdry 2015
#*. Cortificate LMK01151091 dated 27 January 2015 and
LMKO115H095 dated 30 fanuary 2015
1ent protocol: Measurements were performed according to the
procedures in compliance with the described standard SIST
EN 1SO 7726:2002

Temperature Relative humidity
25.0°C 9.8%
250°Cc 8.7%
Environment Centre, Manager of Technical Department
hysics and Energy
{signed)
AVRL, B.Sc. in Civil Eng. Dr. Bla# DOLINSEK, B.Sc. in Civil Eng.

Rectangular seal:

Building and Civil Engineering Institute







Podpisana Marjeta Sekirnik, prof. z odlo€bo Ministrstva za pravosodje Republike
Slovenije &tev. 756-93/93, z dne 13. junija 1994 imenovana za stalnega sodnega
toimata za angleski jezik izjavijam, da se ta prevod povsem ujema z izvirnikom v
slovenskem jeziku.

I, the undersigned Marjeta Sekirnik, BA, certified permanent court interpreter for English
language, appointed under the Decree No.756-93/93, issued on 13 June 1994 by the
Minister of Justice of the Republic of Slovenia, hereby declare and certify that this is a
true translation of the original document written in Slovene attached hereinbefore.

Ljubljana, April 14, 2017 PG T
i vy

gKIRN )
horlgeva B
BEJUBLJANA













3PMK MHCTUTYT

CrpaaeH Y CIPOMTEAHO UHKXEHEPMHIOB MHCTUTYT

MPOTOKOA 3A 3ABBPLLEHM M3MEPBAHKS HA TEMNEPATYPATA Y OTHOCUTEAHATA
BAAXKHOCT HA Bb3AYXA B 3AAA , PUHAAHO CTAOBABAHE"

Crpaaa:

Nopryka:

Bpeme 3d uinbAHEHUE HA
UIMEPBUHHATA.
HamepBaTeAHO 0BOPYABGHE!

KaAanBpaunoHHO oGopyABaHE:

MpoTOKOA OT U3IMEPBAHUA

WMamep et BeAMHHHNW

Koaektop ETPA A.0.0. Pabprkd

CAQHAPOBA yAMUA 10, AoBAFHO

DN2005457

3anoysaHe Ha 10 despyapi 2015 B 8:00;
3apsplusare Ha 11 Peespyapu 20158 8:00
PEerMcTpaTopH HO TeMNeParypa
OTHOCHTEAHC BACXKHOCT HA Bb3AYXA, THN
Tinytag Ultra 2, TGU-5400 (oBo3Ha4eHne Ha
perucTparopure: 609969 TT1%, 609964 T12*%)
TecTBaOHO 8 AQBOPATOPUATA 30 METDOADIUA U
Ka4ecTso, PakyATeT 1o EAGKTpOMHNKEHBPKHT
* cepmdomkaT LMKOT 151090 ot 27 AHydpm
2015 v LMKO115H024 or 30 Suyapwu 2015

*. cepTrdomkar LMKO1151021 ot 27 dHyapw
2015 11 LMKO115H095 o1 30 dvyapu 2015
H3MmepBAHKATA BIXA U3MbAHEHM B
CbOTBETCTBME C NPOLLEAYPHTE TIO ONNCAHMS
cTaHAapT SIST EN ISO 7726: 2002

Aokauus TemnepaTypd OTHOCHTEAHO BACKKHOCT
PHHAAHO CrAODABOHE o

h=18m 25°C 9.8%
PUHAAHO CTAODABAHE o

h = 5.9m 25°C 8.7%

MeHMAXBD LLGHTBD 30 KMAMLLIHG OKOAHA  MeHMAXBD TexHmiecka Avpexums

cpead

CTPOUTEASH UHXEHEPUWHT PH3NKA K

Exepria

Ap. MapuaH CyaHel, 3aBpa
(MoanucaHo)

Ap. baas AoarHcek
(MoAnucaHo)

QOULIMUASH KPBIBA MENAT!

CaoseHckM HaumoHaaeH CrpaaeH 1 CTDOMTEAHO HMHXKEHEPMHIOB MHCTUTYT

Mpesoa Ha Bbarapcku eaux: feaH MapuHos
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Contractor: b

IVD MARIBOR p.o.

Valvasorieva 73

2000 MARIBOR

Requested by
I:(OLEKTOR ETRA d.o.0.
Slandrova 10

1231 Ljubljana-Croue

REPORT ON AIR DUST PARTICLES TEST RESULTS

Building: Production Plant of Kolektor Efra d.c.0., Standrova 10, Ljubfjana

Order No.: CEVO-408/2015

Date of test measurement: 20 Qctober 2015

Measuring equipment: Laser measuring equipment for counting of particles -
GRIMM 1.108 product-

Method of measurement. in compliance with the EN 180 14644-1 Standard

Purpose: The purpose of this measurement test is (o establish the quantity of
present particles in the working area and the purity class in the
working area - Assembly HALL 1 and Assembly Hall 2 and

compliance with the EN 180 14644-1 Standard.

Measuring Station Measured number of parlicles
{0.5 urm/m®) (0.1 pm/m°) {0.5 pmim’)

HALL 1 - normal conditions of 16,124 3,325 30
operation
HALL 2 - norma! conditions of 19,065 2,080 17
operation
HALL 2 - dry conditions of 20,050 5,568 31
operation
Marginal value as per 1SO 3,520,000 832,000 29,300
14644-1 for Class &
Marginal valus as per tSO 352,000 83,200 2,930
146441 for Class 7

Concluslon: Based on the performed measurements, we estimate, that production halls used
for the assembly of magnetic circle, production of coiling, assembly of coiling, active part and
final assembly, do comply with the purity criteria CLASS 8 and CLASS 7 n line with the SIST
EN ISO 14664-1:2000 Standard, which.applies to the operation phase.

N

Maribor, 23 October 2015 Zoran Beli¢, B.Sc. in Mech.

RN
_ _"‘: Head of Technical Departme
& I_‘-.,{.‘ L * 7 /






AOTO MBA MapwBop
M3nbAHUTEA:

MBA Mapwbop n. o.
Baasacopuesd 73
2000 Maputop

3aBmTeA

Koaexiop ETPA A.0.0.
Caanpaposa 10

1231 AobagaHa

AOKAAA 3A TECTBAHE 3A HAAWYME HA MPAXOBU YACTULLM BBB BB3AYXA

Crpoaa: NpovssoacTeeH 3cBoa KoaekTop ETPA A.0.0., CAQBAPOBA
10, AtoBasHa

Nopbyka Ne: CEVO-409/2015

AaTd KA M3MEBPBAHE!: 20 Okromepn 2015

U3mepsaTteAHo 0GOpYABCOHE: AGIEPHO U3MEDBATEAHO cBopyaBaHe 3d NpebpossaHe
Hayacmaly  GRIMM 1,108 npoaykr

MeToA Ha MamepsaHe: CLAGCHO CTOHAQPRT EN SO 14644-1

Lea: Lieata Ha M3mepBaHETO & AQ DbAE ONPEABASHO

HOAMHHOTO KOAMHECTBO YACTMLIM B pABOTHATS NAOLLL 4
KAQCQ HA YMCTOTA HA paBoTHATA NAOLL, — 3AAd 3C
craoBasaHe 1 M 30Ad 3a CTACBABGHE 2 M CHOTEETCTBUETO
cbe CraHAQpPT EN ISO 14644-1

Mameprareaka MimepeHO KOAMHECTBO HUCTULM
CTAHLMA {0.5 pm/ma3) (0.1 um/m3) (0.5 um/ma3)
3aAd 1 — HOPMOARM 16,124 3,325 30
YCAOBMS HO paBoTd

3aAQ 2 - HOPMOAHK 12,065 2,050 17
YCAOBMA HA pABoTA

30Ad 2 — Ccyxu 20,050 5,568 31
YCAOBKA HA paHOTA

IBGHWMYHN CTOHOCTH 3.520,000 832,000 29,300
CuraccHoO 1SO 14644-1

3 kKaac 8

[POMHYYHM CTOHOCTH 352,000 83,200 2,930
CbrAACHO ISO 14644-1

3a Kaac 7

3akarseHe Ha Ba3a MaBbPLUEHMTE M3IPEBAHMA HUE NPRELIEHARGME, Y& MPOM3BOACTBEHUTS
3UAW M3MOAIBAHK 3¢ CrAOBABOHE HG MATHHUTHWTE KPLIOSE, NMPOMIBOACTEO HA HOMOTKH,
CrA0BABGHE HO HOMOTKM M KTHBHA YACT M AOMHOAHO CrAOBABAHE OTFOBAPAT HA KPMTSPMMTE
3d wcTotTa KAAC 8 11 KAAC 7 868 Bpb3KA che CraHaapt SIST ISO 14664-1:2000, kouto oTrosaps
3d paboTHU chasm.

Mapubop, 23 oxromepu 2015 3opaH Beamu

PLKOBOAMTEA TEXHWMYECKO AMPEKLIMS

(MoanmcaHo)

Mpesog Ha GvArapcku esmk: [ead MapuHos







AL ER KR
FREPEy

OEKNAPAUWA
3a oTChCTBME Ha nonuxnopupady Budunum (PCB) B n3onalkoHHOTO Macno

fonynognicanute

ExexapT Beptxapa Hoiipaiirep, nputexasal, nuuka kapTa (yocroeepeHde 3a NPOAbIMKUTENHO
npebusaBane) Ne1801, uspageHa ot MBP — rp. Cocbus, BanuaHo 4o 18.07.2017r. anpec rp. Codpua, Byn.
Xpuctodiop Konym6 Ne 9, eT.3,

B KAYECTBOTO MW Ha YnpasuTen Ha ABE Bunrapus EOOS
W

CredpaH Backnes Munues, nputexasaty muHa kapta Ne641790843, uanagena va 11.01.2011 or MBP — rp.
Cochust, agpec: rp. Cods, 6yn. Xpuctochop Konymb Ne 9, e1.3,

B Ka4eCcTBOTO MU Ha YnpasuTen Ha ABE Bunrapus EQOf,

YHacTHUK B npoLleypa 3a sb3naraHe Ha obllecTBeHa NopbYka ¢ npeamer: ,JlocTaeka, AeMOHTAX U MOHTAX
Ha TpudhasHu MACTICHANBITHEHH HOHIWKABALLK CUIOBY Tpakcthapmaropn 110kV/CpeaHo Hanpexerue (CpH)
1 LsnoTo Heobxoaumo nomMollHo oGopyasaHe”, ped. Ne PPD 17-0017,

AEKNAPUPAME, UE:

B npeanoxeHute oT Hac TPUa3HU MAaCNOHANMbLMHEHW NOHWXKABALWM  CHAOBW TpaKcthopMaTopu
110kV/CpenHo Hanpexenue (CpH) ce nanonass U30NAUMOHHO MACNO, KOBTO He ChABLPXa NONUXI0pPUpaHu
Buchununm (PCB). g

MMpunoxeHue:
JaBepexo craHoauile oT npoussoguTens EproH Pe alHUHT WHK.

Jata: 19.04.2017 Oexnaparop:  Caerfood o0

. VLT
1:;‘ - “ Nyt s W el
Exexapr HoﬁpaﬁT‘eR ‘ Crethan Murues
YnpasuTten Bl T Y/rlpéamen
ABE Bbirapus EOOA “w:—==ABB Bunrapua EOO[
ABB Bulgaria EOOD UIC: 831133152
Main Office VAT Nr.; BG 831133152
9, Hristofor Kelumb Bivd., . 3 Bank details: 5
Mladost, Soffa-grad ING Bank, branch Scfia ] 5
1592 Sofia, Bulgaria IBAN: BG13INGB91451000027317 (BGN) SGSL ic%ﬁ rsﬁﬂ
Phone: +359 {0) 2 847 55 00 IBAN: BG6OINGBS1451400027311 (EUR) B i

Fax: +359 (0) 2 807 55 99 BIC: INGBBGSF
Web: werw.abb by
E-mail: office@bg.abh.com . 03.2017
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&l Ergon Refining, Inc.

An 150 8001 and 14001 Certified Company

July 23, 2014
Dear Valued Customer:
Reference: PCBs, chlorinated and halogenated compounds

This letter is generated in response to your recent inquiry concerning the polychlorinated biphenyl
(PCB); polychlorinated terphenyl (PCT) and monomethyl-tetrachloro-diphenyl methane (PCBT)
contents as well as the chlorinated and halogenated compounds contents of the Ergon naphthenic
base, process and insulating oils.

PCBs are synthetically produced compounds added to olls to improve stability andfor flame
retardation. Polychlorinated terphenyls (PCTs) and monomethyi-tetrachloro-diphenyl methanes

" (PCBTs) are addressed in EU Directive n. 96/59/EC of 16 September 1996 and included In the

definition of PCBs. Ergon Refining oils are processed from naturally occurring raw materials with
no additives or recycled olls that might introduce PCB contamination. Products are routinely tested
to verify they are PCB-free.

In addition to being PCB-free, Ergon naphthenic base, process and insulating oils do not contain
other chlorine or chlorinated compounds. They contain no halogen or organohalogen derivative
products. These chemicals are not utilized in the manufacturing process, nor are they naturally
oceurring in the products produced. '

Please give me a call if you have additional questions. | can be reached at 601-630-8314.

Best Regards,

Ae?bi%lt :
anager, Reoduct Services and Development

Ergon Refining, Inc. / P.0. Box 308 / Vicksburg, MS 39181-0309 / Phone - 601-630-8300 / Fax - 601-630-8425







Aoro EPTOH PadoHHMpare
23 O 2014

YeKkaemm KAMEHTH:

PedoepeHums: PCB, XAOPHPARM 1 XOAOTEHUPAHW CheAMHEHMA

TOBGU NMMCMO Ce € B OTTOBOP HA BaLLte 3anMTBAHE BbB BPL3KA C NOAMXAODPUAEH
Budperoa (PCB); noAMxAoprpaHi TepddeHAn (PCT) M MOHOMETUA-TETDUXAODO-
addeHMA meTaH [PCBT) ChABRIKAHME KAKTO M 30 ChABDXAHUE HO XAOPHPAHM I
XOACTE@HUPAHM ChbeAMHEHUA B EProH HAhTEHOBA OCHOBA, NPOUEC W M30AMPAHE HA
MUACAQ,

PCB ca CUHTETUHHO NPOM3BEAEHM CheAMHEHMWA AODUBAHK KbM MACAOTO 3
NoACGpIBAHE CTABWMAHOCTTO M/1MAM 30DABIAHETO NPH M3FapaHe. [NToAMXAOPHDaHUTE
Tepdoerian (PCT} M MOHOMETUA-TETRUXACPO-AMCDEHHA meTaH (PCBT) ca nocoveHu
B Espo Aumpekivea n. 96/5%/EC oT 16 CentemspiM 1996 1 BKAIOYEHK 8 AeDMHMUMATA 30
PCB. Macaata Ha Eprox Padovtmpare ca oT npepabotkatd HA NPUPOAHNK
CYPOBUHHU MATEPHOAM BE3 AOBABKK AW DELIMKAMPDUHE HO MACAC KOBTO MOXE AC
AoBeae A0 3ambpcasaHe ¢ PCB. MNpoaAyKTHUTE CQ RYTHHHO TECTBAHM 30 A CO
NOTBLPAM TaXHaTA PCB - ylcToTA.

B AcnbAHeHMe 30 PCB-uvcToTd, EproH HOdoTeHoRG OCHOBC, NPOLLEC U MICAUPAHE HA
MACAQ HE ChABRXAT XAODPUH MAKM ADYI XAOPHMHOBKH CheAMHEHWA. T€ ChABDKAT
HEXQAOTEHHM VAW NPOM3IBOAHM HO OPraHOXUAOTEHHW NMPOAYKTH. TE€3K XMMIKTOAK He Ce
M3MOA3BAT B NPOM3BOACTBEHUSA MPOLLEC, HUTC Ce CPeLUdT eCTECTBEHO 8
MPOU3BEXAQHKTE NMPDOAYKTH.

Mong obaaeTe ce aKo MMmaTe APYTH BIIpoCcH. MOXe AQ me HamepuTe Ha 601-630-
8314,

C HOM-ACDPM NOXKEAQHMS,
AxeHHDBP A, XAAA

MaHMAKDBR, [TPOAYKTH YCAYTH 1 PassnTve

MpeBoa Ha Bvarapcku eavk: Lead MapuHOB .......48e877 .. .......
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IprnoxeHue 3 - [eknapauusa 3a KOHOUAEHUMANHOCT M

M3BBPLUEH OrJjled Ha 0oGeKTa

ABB Bulgaria EQQD

Main Office

9, Hristofer Kolumb Bhed., fL 3
Miadost, Sofia-grad

1592 Sofia, Bulyaria

Phone: +359 (0) 2 807 55 00
Fax: +359 (0} 2 807 55 99
Web: www,abb.bg

E-malk office@bg.abb.com

11

UIC: 831133152

VAT Nr.: BG 831133152

Bank detafis:

ING Bank, branch Sofia

IBAN: BG13INGB91451000027317 (BGH)
1BAN: BGBOINGBS1451400027311 (EUR)
BIC: ING3BGSF

03.2017







AL ER H@
FREPEP
| AEKNAPALUA
3a KOHCDMABHUMEI‘IHOCT M U3BbLPLWeH ornea Ha oDekT no npeameTa Ha nopk4KkaTa

Honynoanucanute EkexapT Holtpaiitep v Credad MuHYes B ka4ecTBOTO HU Ha npeacTaBnssawy ABB
brnrapus EOO, ywacTHyk B fpoleaypa 3a Bb3narade Ha oBlWecTBeHa nopbyka ¢ ped. Ne PPD 17-001 u
npeaMeT:

HocTaska, AEMOHTAX ¥ MOHTX Ha TPU(ASHW MacnOHaNBbITHEHU NOHWKABALUM CUIOBY TpaHcdopMaTopy
110kV/Cpepato nanpexerue (CpH) u uanoTo HeoBxogumo noMoliHo oBopyasaHe,

OEKINTAPWUPAME,UE:

1/ TpeAcTaBUTEN Ha y4aCTHMKA, KOTOTO NPEACTABIABAM € UIBBLPLUNTT OrNes Ha 0BeKT: NfcT CTYASHTCKM rpag
¥ CbM 33M03HAT Ch¢ ChILECTBYBALIOTO NOMOKEHKE.

2/ Haima pa pasnpoctpaHsasam NosepuTenHa MHAOPMaLs, BbB BPBL3Ka C M3BBLPILEHNSA OrMes Ha obekTa Ha
Branoxurens, kato My e W3BECTHO, Y4e 3a MOBEPUTENHA Ce CuYMTa BCAKa wHAOpPMauMA, OTHOCHO
nponyckavenHust pexumM B obexTa, opraHnsaluaTa Ha paBoTHaTa cina U paBoTHWA NPOLEC, HAMUYHOTO
oGopyABaHe W TEXHUYECKNTE CXeMU Ha thyHKUMOHMPAHETO MY, CMCTEMMTE 3a 3alLMTa U CUrYpHOCT B oBekTa
W BCWYKO, KOBTO e CBBbP3aHO C HANKMHOTO 0BOPYABAHS, CLOPLXEHUR U TAXHOTO (hYHKUMOHMpaHe B
CbOTBETHUA OBeKT.

3/ Mpvnaram A0KYMEHT 33 M3BBPLIEH OIMeA, ChCTABEeH HA MACTO B MOACTAHLUMATA.

Ipunoxexve:; Lloxymem 3a U3BBLPLUEH ornea, CbCTaBeH Ha MACTO B NOACTAHUUATA

Hara; 19.04.2017 YUacTHUK; OO 7. A ederens
Exexapt Holipaiitep Ty
Ynpasuren o Y
ABb boarapua EOOL -~ " ABE Benrapua EOQJ]

ABB Bulgaria EOOD UlIC: 831133152

Main Office VAT Nr. BG 831133152

9, Hristofor Kolumb Bivd,, fL 3 Bank details:

. Miadost, Sofia-grad NG Bank, branch Sofia
1592 Sofia, Bulgaria IBAN: BG13INGB91451000027317 (BGN)
Phone: +359(0) 2 8075500 IBAN: BGEGINGBO145140002731¢ (EUR)
359 (0)28075549% BIC: INGBBGSF
: werw.abb,bg

E-maik office@ba.abb.com 03.2017
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DEKNAPAUMNS

3a MSB'prUGH-OITIeA Ha C Wﬂ“ﬁ@ 10/Cp.H

Honynognucanuat/-naral (&%
....................................... (aar Lazadh, Mt
B KauecTBOTO MU Ha TNpeAcTaBnssaly ,ﬁléﬁ @W .
KaHAuAAT 3a y4acTue B npolenypa 3a BbanaraHe Ha obluecTeeHa NopbyKa ¢ npegmert: ,Jocraska,
AGMOHTaX W MOHT&X Ha TPU(asHW MacroHaNbNHEHW NOHWKABALUM CUHOBY TpaHcgopmaTopu
110kV/Cpepro Hanpexerune (CpH) v usnoTo HeoBxoaMMo noMoLHo obopyaeane” u ped. Ne PPD 17-
001

AEKNAPUPAM:

Masrpumx ormeg Ha ofekta, npeameT Ha oblecTBeHaTa nopbyka U Ce 3anosHax Cbe

'C‘bLL{ECTByBaUJOTO nonoxexHue, qumnm C ,qeﬁcmau.mre enempnqecm ChOPBXKEHUA W
77l ’

_cneyudukara Ha MC @/ i

110/Cp.H.

fara /Y 2677,

Cryxumen ta Buanoxumens donycHan do ozred kandudama;

.ﬁmm ........ KLk, St 48D, aL//dK\

tme u chamunus ONBXHOCT modnuc







lpunoxerue 4 - Konme Ha ceptucukar no craHgapt bJC
EN [SO 9001 Ha npon3BoauTesia Ha npegnaraHus

TpaHcgopmaTop

ABB Bulgarfa EQOD
Maln Office
9, Hristofor Kelumb Blvd,, fl. 3
Mladost, Sofis-grad
1592 Sofia, Bulgaria
Phone: +359 (0) 2 807 55 00
Fax: +359 (0) 2 807 55 89
: www.abb.by
ail office@bg.abb.com

UIC: 831133152

VAT Nr.: BG 831133152

Bank details:

ING Bank, branch Sofia

1BAN: BG13INGBI1451600027317 (BGN)
IBAMN: BGGOINGB91451400027311 (EUR)
BIC: INGBRGSF

03.2017
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Certificate
Awarded to

KOLEKTOR ETRA d.o.o.

SLANDROVA ULICA 10, 1231 LIUBLJANA — CRNUCE, SLOVENIA

Buteau Veritas Certification Holding SAS — UK Branch certify that the Management System
of the above organization has been audited and found to be in accordance with
the requirements of the management system standard detailed below

STANDARD

ISO 9001:2008

SCOPE OF CERTIFICATION

DESIGN, PRODUCTION, INSTALLATION AND DECOMMISSION OF POWER AND
SPECIAL TRANSFORMERS AND REACTORS

Certification gyole start date: 31/10/2014

Snbject to the eontivsed satisfactory operation of the orgunisation’s Management System, 8his certificate expires om: 31/10/2017 t\
Original certifecation dase: 30/06/1997
Certificate number: SL21076Q Version mumber: OT  Revision dare: Q61 0) 2015

A

Siwed oa bebaf of BIACH SAS UK Browsh

Cenvifiurion bidy odds 66 Presot Streed, Leadss, BT SRG, Usited Kingdoes
Vol offfcvs Lindartans centa #90, 1600 1 jubfawa, Streais

Fhatber clariffeotivas regartlig tle sivpe of this cortifivate aad e app Bkility of the
newagesea] psfem equirecients my be ebtiived By cearslting he eogonicti %

T chovk this certifiute tobiddty please coll + 386 1 47 57 670.
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Ha 6nauxka Ha Blopo Beputac CepruduumpaHe

CEPTUDPUKAT
flpycbaeH Ha

KONEKCTOP ETPA a.0.0.
ynuua ,,Cnangposa‘“ Ne 10, 1231 lio6nada — YpyHue, CrioBeHus

BHOPO BEPUTAC CEPTU®UKALIMOHEH XONAWHI CAC - knoH BenukoGpuranus

yaoctosepsea, Ye CUCTEMA 3A YNPABTIEHWE Ha ropHaTa opraHnsaums e ogutupaHa v e

YCTaHOBEHO, Ye TH & B ChOTBETCTBUE C M3UCKBAHKATAE HA CTaHAAPTUTE HAa CUCTEMATA, OHUCAHU
rnoapobHo EB:

) CraHgapT
ISO 9001:2008
obxear

MpoekTupaHe, NPonM3BOACTBO, MOHTAX U A@MOHTAX Ha CUIIOBU U CieUUanHu
‘ TpaHCMOopPMaTOpPH N PeaKkToOpu.

CepTrudmkalMoHeH UWMKLN C Havanka gata: 31.10.2014

TMoAnoXeH Ha HenpekbeHaTa 3a10BONUTENHa excnnoarayna Ha Cucremarta 3a ynpasneHue,
TO3U cepTuchukar e BanuaeH ao: 31.10.2017.

[JaTa Ha nbpBoHavanHo ofo6penve: 30.06.1997.
Ceprudbukart Homep: SL21076Q

Bepcua 01, [lata Ha pesuaus: 06,10.2015

loanucano ot nmeTo Ha Bropo Beputac CeptudiukalivoneH Xonaur CAC knok BenukoBputaHus
/noanuchT He ce vete/

Apec Ha CepTUUKaLMOHHOTO Tano: yn. Mpeckot NeB6, rp. NloHgoH, E1 8XTT, BenukoSpuranus
Anpec Ha MecteH odwmc: NMiobaptosa Uecta 49a, 1000 MiobnsiHa, CrnoeeHus

HApyrv nogpo6HocTit oTHocHO oBxBaTa Ha T03U cepTUUKAT U NPUIOKUMOCTTA Ha M3UCKBAHUATA Ha
cucTemara 3a ynpasneHue Morar Aa Gbar NonyyeHu Npy BPL3ka ¢ opraHusaumsTa.

Ctpaduua 1 ot 1.

}’{"DMT Ha.6bArapcky e3unk e UsebpLUeH ot Ctedhad Mupves







Mpunoxenue 5 - Jeknapauma 3a CpoKa Ha BaJIMIHOCT Ha
ocdhepraTa

ABB Bulgarla EOOD ! UIC; 831133152

Maia Office VAT Nr.: BG 835133152

9, Hristofor Kolumb Bivd., fL. 3 Bank details:

HMiadost, Soffa-grad ING Bank, branch Sofia o 45
1592 Soffa, Bulgaria IBAN: BGI3INGBO1451000027317 (BGN) 736&

Phone: +359 (0) 2807 55 00 [BAM: BGGOINGBY1451400027311 (FUR}
g TEG BIC: INGBBGSF

032017
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AEKNAPALWA
34 cpoKa Ha BanWaHOCT Ha odiepTaTta

AonynoanvicannTe

Exexapt bBepHxapg Hoiipaiitep, npuTexasatly /auMuvHA Kapta (yA0CTOBEpEHWe 3a MPOABNMUTENHO
npebveaBane) Ne1801, uzpaserna or MBP — rp. Cothua, sanuaro go 18.07.2017r. agpec rp. Cocbust, Byn,
Xpuctoghop KonymG Na 8, eT.3,

B KAMEeCTBOTO MU Ha anasmen Ha ABE Bvnirapus EOO[
M

Credhar Bacunes MuHuer, npuTtexasalll nuuHa kapta Ne641780843, nagagera Ha 11.01.2011 ot MBP —rp.
Cotbus, appec: rp. Codbun, dyn. Xpucrodiop Konymb Ne 9, et.3,

B KAU&CTBOTO M Ha YnpasuTen Ha ABB Bwnrapus ECO/,

YYaCcTHUK B MpoLiesypa 3a Bhanarade Ha oflecTBeHa Nopbyka ¢ npegmeT: JiocTaska, eMOHTaX U MOHTaX
Ha TpudhasHn MacnoHanbAHeHU NOHWKABALLW CUIIOBK TpaHchopMaTopy 110kVICpeano Hanpexenue (CpH)
1 UanoTo Heobxoanmo nomoiliHo oBopyasare®, ped. Na PPD 17-0017,

O6oco6eHa nosuumna 5 /O 5/ - HoctaBka, AEMOHTaX M MOHTaX Ha TpudaleH MacROHANbIHEH
noHwxaeaw, cunoe tparcdopmarop 110kV/CpH 3a noacraHuua
MC/ ,CTyaeHTCKM Fpad”, KAKTO W JOCTABKA Ha LANOTO HeoBxoaumo
nomMoLHo oBopyasare

OJEKITAPUPAME, YE

C nogaeaHe Ha HacToAaTa ocbepTa, HanpasesuTe OT HAC NpedNoXKeHuA Y NoeTH aHra U C& BanuaHu
3a cpoka, noccMeH B 0DABAEHKETO, CUUTAHO OT KpalHuA CPOK 3a NogasaHe Ha ogepTUTS

Dara: 19.04.2017 Heknapatop:

Ynpasuten )
ABB Bwnrapwsa EQQJ]

YnpasuTen
- ABB Bvnrapua ECOJ

ABB Bulgaria EQOD UIC: 831133152
Main Office VAT Nr.s BG 831133152 =
9, Hristofor Kelumb Bhvd,, fl. 3 Bank details: m f )‘1
HMiadost, Sofia-grad . ING Bank, branch Sofia 3 .3 4 H i .
£33 50fla, Buigaria IBAN; BGL3INGBAL451000027317 (BGN) * 368 % s68 % _Sog
ghe; +359 (0) 2 807 55 00 IBAN: BGEOINGB31451400027311 (EUR} B ' h
ax: +359 (0) 2 807 55 89 BIC: INGBBGSF

Veb, www.abb.bg T
PE-mait office@bg.abb.com . 03.2017
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MpunoxeHue 6 - [leknapauma 3a npMemMaHe Ha yC/I0BMATa B
NPOEKTa Ha 40roBop

ABB Bulgarfa EOOD UIC: 831133152

Main Office VAT Nr.: BG 831133152

9, Hristofer Kolumb Blvd,, . 3 Bank details:

Mladest, Sofia-grad . MG Bank, branch Sofia

1592 Sofia, Bulgaria I8AN; BG13INGB91451000027317 (BGN)

Phope3359 (0) 2 807 55 00 1BAN: BGE0INGB91451400027311 (EUR)
ax:#359 (0) 2 807 5599 BIC: INGBBGSF

eb:

w.abb.bg
ik df fice@bg.abb.com

43.2017






AEKNAPALIWA

3a npueMade Ha yCnoBuATa B NpoeKTa Ha ACrosop

fonynoanucatute Ekexapt Ho#patitep M Credad MuhyeB B KauyecTBOTO HU Ha npefcrasnasawu ABB
Bonrapua EOQQ yvactHuk 8 ofllectseHa nopwyka ¢ npeamet: JlocTaBka, AEMOHTAX W MOHTaX Ha
TpUhasHu MachoHanbnHeHW noHWXasawmM cunosuy TpaHcdopmaTtopu 110kV/CpeaHo Hanpexenne (CpH) w
usanoTo HeoBxoaumo nomollHo ofopyasane”, pedh.Ne PPD 17-001, ofocoBeHa noavwuma Ne OBocoBeHa
nosnuua 5 /OMN 5/ - Docraska, ASMOHTEX M MOHTEX Ha TpUdiaseH MACHOHANLAHEH NOHWXABALL CUNOB
TpaHctopmatop 110kV/CpH sa noactaHuus /MNC/ ,CrypeHTCKU rpag”, KakTo W A0CTaBka Ha UANOTO
Heobxogumo nomowHo oBopyaBsats

AEKITAPWUPAME, YE:

Mpuemame YCIOBUATA B NPOeKTa Ha JoToBOp, NPURCKEH B AOKYMEHTAUWATA 3a yMacTue.

Hata: 19.04.2017 Dexknapatop:

ExkexapT Hoﬁpamépc CrediaH Mutyes
Ynpasuren S "‘Y/‘pésmen
ABE Bwrrapna EOOA ™ . . -@BE Bunrapus EQO/

ABB Bulgarfa EOQD UIC: 831133152

HMain Office VAT Hr.: BG §31133152

9, Hristofar Kolumb Bivd,, fL 3 Bank details:

Htadost, Soffa-grad ING Bank, branch Sofia B i % :

1592 Sofia, Bulgaria IBAN: BG13INGRI1451000027317 (BGN) % Sﬁsf gy SG&(_
Phone; +359 (0) 2 807 55 00 IBAN: BGGOINGBO1451400027311 (EUR) T -

Fax: +359 (0)2 807 5599 BIC: INGBBGSF
Web: www.abb.bg
E-maik office@bg.abh.com B 032017







