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Multi Loose Tube Cable ’

KABELOWVHA DENQ Podmow $.09,
Usteckd 840/33, 4093

Czech Repubiic
DI CZ26758993
tel,t +420 412 706 222
wow kabelrmac

6.5.2016 ver.B

This cable is is suitable for indoor or cutdoor use. The cable has standard level of rodent protection.

Black FR-LSZH outer jacket, UV stable

[Gther cofours avadoble on request)

Water blocking E-glass

Water blocking yarn

FRP dielectric central strenght member (0D 1,0 mm)

Gel filled loose tube with optical fibres

Rip cord

Order example

2100 m J/A-DQ{BNJH 48E9/125 G.657.A1 jacket coulour BLK, cable specification LEG2

Fibre colour coding
According te [EC 60304

1 Red 7 Brown

2 Green 8 Violet

3 Biue 9 Turquoise
4 Yellow 10 Black

5 White 11 Orange

6 Grey 12 Pink

Other fibre colour sequentes available on request

Fibre Type

Single mode fiber 9/125
Multi mode fiber 50/125
Multi mode fiber 62,5/125
See the Fibre Specification sheet

=

L

Tube colour/c/dlgg
e G
1 Fied

2 Green
3-4 White

In the cose of lower number of fibres some tubes ore reploced by uncoloured fitfers
Other tubes colour sequences available on request

Sheat Marking

erint colour White
Print method INK-Jet
Print legend manufacturer’s name, job number, type of

cable, length marking @ 1 mintervals
Cther print legends ovaifuble on request

Packaging Standard put-up length Drumsize
Plywood 2100 m +5 %, other lengths on request  1000x640x600
Plywood 4100m xs\%, otherlengths onrequest  1200%640x600

N\

KDP reserves the right to change the values in this document wilhouf prior notice KDP Is not responsible for any action taken ptirsuant fo 1hig
This document is properfy of KDP. This document or any of its parfs are not alowed lo be redistibuted without explicit consent of KOP. =

Page 1/2
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Multi Loose Tube Cable "”H

KABFLOVINA Dedin Podrrokly
47533 D&

b
I D [ L E @ 2 DIE (226753993
[} tel.: +420 412 706 222
vww. kabelevna.cz

6.5.2016  ver.8

? 3

Mechanical and Environmental properties

Test Value | Unit Method
Cable outerdiameter 8,940,4| mm EN60811-1-1
Cable weight 86 kg/km
Outer jacket thickness 15 mm
Loase tube diameter 2.3 mm
Max. tensile strength 1400 N EN 60874-1-2-E1
Crush resistance test 2000 N EN60974-1-2-E3
Number
Impact resistance test 3 of. EN 60974-1-2-E4
impact
Min. bend radius (no load) 15 xQD EN 60974-1-2-Ella
Min. bend radius (load) 20 x 0D ENG0974-1-2-E11b
Moisture resistance test pass EN 60794-1-22-F5
'\
Installation -15to+50°C
Temperature range Operation -40to +70°C ENG0O794-1-22-F1
Storage -0 to+70°C
X . - EN60332-3-22 (cat.A)
Fire properties - Flammability pass
SN EN 50266-2-2
EN50267
Fire properties —Acid gases pass £N 50267-2-2 i
EN50267-2-3
. ‘_/""
P , ‘ , EN61034-1
e Fire properties —Smoke density pass

k_//Cg,) EN61034-2

Cablelifetime - minfmum 30 years

SR

KDP reserves the dght to change the values in this document without prior notice. KDF is not responsibla for any aclion laken pursuant fo this ¢
This docu v any of its parts aré not alowed to be redistibuled wihout expleit consent of KDP
Page 2/2
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3a y4JacTue B OTKpuTa npoueaypa 3a Bb3anaraHe Ha oblecTBeHa NopbiKa ¢ npeaMeT:

,MoamsiHva Ha MacrnoHanbnHeHa kaGenHa eneKrponpoBogHa NUHKA 110 kV ,,3eHut” OoT
nuHeeH HoxoB paseguHuten 110 kV ua MNC ,Xagxu Aumutsp” [0 NuHeeH HOXoB
paseguHuTen 110 kV B NC ,NogysaHe”, ped. Ne PPC 17 — 169

TexHU4YecKko npeanoxexHue

P

TexHu4vecka AOKyMeHTauuA

Mpunoxerune Ne 2 kbM [pearioxeHne 3a U3NBIHEHWe Ha nopwkukara no 1.15.2.
OT TexHUHECKOTO NpeanoxeHne — 3aBepPeHU Komusi Ha AoKYMeHTU 3a OnTudeH
kaben:
o [Mpunoxerne Ne 2.2. kbM T.15.2.2. OT TeXHU4ECKOTO MpearnoxeHne —
[pyrn no npeueHka Ha y4yactHuKa (Aeknapauuin 3a CbOTBETCTBUE,
MPOTOKOMM OT TUNOBU U3NUTAHUA U 4P.).

000377



Tel: +359878130074; 0878130076; office@netgroup.bg;

JIEK/JAPAIIKA 3A CLOTBETCTBHE

JlonynosnucanaTa 3/laTHHA AHre/oBa AHre 1083, Ynpasurtes Ha “Her ['pyn
[Loc” 004, rp. [lnoaue, KK, Tpakus, 6/1.61, Bx.I',

JlexmapupaM Ha cO6CTBEHA OTIOBOPHOCT, Ye MPO/YKTHUTE:
K1FUE02048YEAA J/A-DQ(ZN}H WBF 5x1,7 48(4x12) 9/125 G652 Draka YEL

K1FLEO2048YEAA j/A-DQ(ZNYH WBF 4x2,3 48(4x12) 9/125 G652 Draka YEL

3a KOHTO ce OTHACA Tasu Jler/apaiisi, ca HOBY, HeyoTpedsBaHH, ca B
MPOH3BOJACTBEHATA /INCTA HA MPOHU3BOLUTE/IHTE M Ca B CHOTBETCTBHE ChC CACAHHTE
CTAHJAPTH:

ISO 9001:2008 Ha Kabelovna Decin Podmokly s.t.0.

Jlexiapupam, e MY € H3BECTHA OTI'OBOPHOCTTA, KOATO HOCA ChIvIacHo UL 313 oT HEK.

Ha ocHoBaHue 4. 2 ot 3314

s

S

( FE _

[Hnosaus, 17.01.2017 3MaTHHA AHI‘EJIOB3<

]

AN
=T =7

/ Ynpasuten /
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3a ydacTve B OTKpWTa npoLeAlypa 3a Bb3naraHe Ha obljecTeeHa nopbyka ¢ npeameT:

,MoAMsAHa Ha MacnoHanbrHeHa kabenHa enekTponposoaHa nuHua 110 kV »3EHUT” oT
nuHeeH HoxoB pasefuHuTen 110 kV na NC ,Xapxkn OumuTbp” A0 JNIMHEeH HOXOB
paseguduTen 110 kV B 1C ,ToagyaHe”, ped. Ne PPC 17 — 169

TexHUYeCcKO npegrnoxeHue

P

TexHuuyecka AOKYMeHTauuA

Apunoxenne Ne 3 xkbm TpeanoxeHue 3a nanbrnHeHne Ha nopwykara no 1.15.3.
OT TEXHUHECKOTO NMpeanoxeHue - 3aBepeHn Konus Ha gokymeHTu 3a Cyx cvunos
kaben 110 kV - Al 1600 mm2:

e [Mpunoxetue/s Ne 3.1. kbm T.15.3.1. oT TexHWYECKOTO NpeanoxeHue —
3aBepeHo/n konue/st Ha NPOTOKON/U OT TUMOBU U3NUTBAHUSA, NPOBEAEHN OT
HesaBucumMa usnuTsartenHa nabdopaTopusi, C MNPUNOXEH CNUCHK Ha
OTASNHUTE U3NNTBAHWUS Ha BbMrapcky esuk.

-
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OTYeT NHCMEKLNOHEH TIC 3181-13

CnucobK Ha TUNMOBUTE U3NUTaHKWA

1. EneKTpUYECKK W3NUTBAHWA Ha THNa Ha MbAHa KabeaHa cuctema
1.1 YactiueH TecT paspag npk craltia Temnepatypa

1.2 Tan § usmepsaHe Tect

1.3 YacTuueH TecT pa3pas npu cTailHa Temnepatypa

1.4 YacruueH TecT paspaj, NPy BUCOKA TEMNePaTya

(‘ " TeCT MNYACHO HanpexeHue '

1.6 TecTt npy HanpemXeHue ¢ NPoMULLAEHA YecToTa

1.7 TecT Ha kabeA ¢ AbMKMHA C NPUAAraHa MeTanHa NeHTa unu GoNNo CebP3aHU KbMm 0DBHBKATA

1.8 TecT Ha cbnpoTHUBNEHUE HA NOAYNPOBOAHKUKOBY EeKpaHy

2.0 HeefeKTpUuHU THNOBW U3NWTAHMA 3a Mb/iHa kKabenHa CUCTEMa K NPUASKALIY KOMMTOKEHTH

2.1 MposepKa Ha KabenHaTa KOHCTYKUMA

2.2 TectoBe 3a onpeAenaHe Ha MeXaHWUHUTE CBOWUCTBA Ha K301aUMATA NPELM U CNej cTapeeHe

2.3 TecToBe 3a ONpeAenaHe Ha MEXaHWUHUTE CBOMCTBA HA EKPaHWPOBKATA PeAM U cnej
crapeeHe

2.4 TecToBe 33 cTapeeHe BbPXY YacTh oT URA Kaben, 3a Aa ce NpoBepH CbBMECTMMOCTTA HA maTepuanuTe Tect
( 7 TecT 3a HanArave Npy BUCOKA TeMNepaTypa Ha ObsueKaTa

2.6 Komnsekced TecT no HarpasaHe Ha XLPE usonayuara

2.7 WamepBaHe Ha Cadau CbAbPKAHWUETO Ha CaWan BB BbHWHaTa PE obeuska

2.8 Tecr 3a BO4OHENPONyCKAKBOCT,

) [N
- Ha ocHoBaHue 4n. 2 ot 33J1

§

§ KEMA Nederfand
(=)
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S S.A_M. Verhoeven g
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INSPECTION REPORT TIC 318113

OBJECT

CLIENT

MANUFACTURERS

REFERENCE
INSPECTED BY

TEST LOCATION
DATE(S) OF TESTS
TEST SPECIFICATION

SUMMARY AND
CONCLUSION

Power cable system consisting of 1-core power cable, 2 terminations,
and 1 joint

64/110 (123) kV - 1x2000 mm? — Cu — XLPE

OMACS LLC,
Moscow, Russia
Cable Estralin HVC LLC,

Moscow, Russia
Accessory 1 ARKASIL SK LLC,

Moscow, Russia
Accessory 2 ARKASIL SKLLC,

Moscow, Russia

Accessories  See section 1.1.3 Characteristics of the accessories
72130463
KEMA Nederland B.V.,

Arnhem, The Netherlands
OMACS LLC,

Moscow, Russia _
1 March untilf 30 September 2013
The tests have been carried out based on 1EC 60840 (2011).

The cable system passed the tests,

~~""This report applies only to the object tested. The responsibility for conformity of any object havirfg the

same type references as that tested rests with the manufacturer.

This report consists of 61 pages in total.

Copyright: Only Integral reproduction of this report is permitted without written permlssion from KEMA. Electronic
copies in e.g. PDF-format or scatined version of this report may be avaifable and have the status “for information
only”. The sealed and bound versicn of the report is the only valid version,

KEMA Nedetlapd 84, _——
Ha ocHoBaHue un. 2 ot 33J14

Certification T

0 U 0 3 85 ?fnhem,_,,q
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4. TIC 3181-13
1 IDENTIFICATION OF THE OBJECT TESTED
1.1 Ratings/characteristics of the object tested
1.1.1 Characteristics of the cable system

Rated voltage, Uy/U (U,,)

Rated maximum conductor temperature
Rated conductor cross-section
Composition of the cable system:

- Cable

— Accessory 1

— Accessory 2

64/110 (123) kV
80 °C
2000 mm?

2XS(FL)2Y 1x2000RMS/185-64/110 kV
MKB 126
MCB 126 X

The test voitages and calculated nominal field stresses were based on U, test = 64 kV.

1.1.2 Characteristics of the cable
Standard

Manufacturer

Type

Manufacturing date

Sampling procedure

Rated voltage, Uy/U (Uy,)

No. of cores (core identification)
Overall diameter (D)

Caleulated nominal electrical stress at
conductor screen at Uy = 64 kV (E;)
Calculated nominal electrical stress at
insulation screen at Uy = 64 kV (E,)
Nominal capacitance between conductor
and metal screen

Embossing on the oversheath

-

Construction

IEC 60840, Clause 8

Estralin HVC LLC,

Moscow, Russia

Ug = 84 kV 1x2000 mm?* XLPE CABLE
2013

by the manufacturer

64/110 (123) kV

1

100,7 mm

7,09 kV/mm

5,28 kV/mm
0,44 pF/km
SCTPANMH 3BK MaM2r - 1x2000cn«/185-64/110kB

2012r + length marking
see List of drawings
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wwrw.estralincom

ESTRALIN™C

=== R EaResi:

FACTORY ACCEPTANCE TEST REPORT

Notes: ail tests were passed successtu
|Quality System cerflfied _,"' ;

in accordanca with the requirements of;

-

Page 1 Marking AMeMN2r 1x1600{(crx)/110-64/110xB
(A2XS(FL)2Y 1X1600RMS/110:64/110 kV)
Serial number 1 6 0 342 Qrder Ne 379
‘ Factory length Ne 0313 Cable drum Ne 27105874
Date 26.07.2016 Length 530 m
PARAMETER, UNITS OF MEASUREMENT REQUIREMENTS RESULTS
' The outer end The inner end
Conductor
conducior diameter, mm min 49,10 min 49,13 min 49,11
nom 49,60 avg 49,30 avg 49,25
max 50,10 max 49,46 max 49,38
Conductor scresn
thickness, mm min 1,00 min 1,83 min 1,81
nom 1,50 avg 2,02 avy 2,11
max 2,50 max 2,20 max 2,41
max-min point difference, mm < 1,0 0,37 0,60
Insutation
thickness, mm min 13,5 min 14,30 min 14,37
nem 15,0 avyg 15,03 avg 15,01
max 18,0 max 15,75 max 15,65
eceentricity (Tmax-Tmin}Tmax, % < 15 9 8
diameter over Insulation, mm min 83,2 min 83,20 min 83,23
nom 84,2 avg 83,80 avg 83,81
max 85,2 max 84,39 max 84,38
Insulation screen .
thickness, mm min 0,5 min 0,92 min 0,94
nom 1,1 _avg 1,25 _avg 1,13
max 1,7 max 1,58 max 1,31
max-min point difference, mm < 1,0 0,66 0,37
diameter over Insulafion screen, mm min 85,2 min 85,327 min 85,40 -
nom 86,4 avd 85,97 avg 86,00
max 87,6 max 86,56 max 86,59
ratio ¢ min/@ max = 0,95 0,99 0,99
Copper screen
cross-sagtion, mm® = 110 112,40 112,40
uter sheath '
thickness, mm. -~ / min 33 min 4,08
' = nom 40 avg 5,08
. max 6,07
diamater over outer sheath, mm min 100,29
max 100,67
T5-2007, IEC BORAnD = 2 i

1y cable meets TY 3530-003-42747!

Ha ocHoBaHwue 4n. 2 ot 33J1[
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Ltd «Estralin HVC»

B ,7,
ESTRALIN”VC

i

wunw,astralin.com

FACTORY ACCEPTANCE TEST REPORT

Page 2 Markin ANel2r 1x1600{crx)/110-64/110xB
g {A2XS(FL)2Y 1TX1600RMS/110-64/110 kV)
Serial number 160342  |orerr 879
: Factory length Ne 0319 Cable drum Ne 271-15874
DATE 26.07.2016 Length 530 m
PARAMETER, UNITS OF MEASUREMENT REQUIREMENTS RESULTS

Hot-set Test for Insulation

elongation under Joad, % < 175 57

permanent elongation, % < 15 0

Check for inclusions or contaminants
{metals, fibers, gas bubbles) in the
insulation

No Contaminant

Mo Contaminant

Longitudinal sealing {metal foil)

Veltage Test

(160 kv, 30 min.)

Partial Discharge Test

nolse level at voltage of 160 kV, pC
noise [evel at voltage of 96 kV, pC
cable capacity, uF/km

veel strength of overlapped foil, Nfmm : 10 1,3
adhesion strength of folf, N/'mm > 10 1,8
Al tape thickness, mm > 01 0,15
overlaping, mm > 15 16,1

Electrical tests

electrical resistance of conductor, (k] < 0,0186 0,0183

No breakdown
< 10
< 5
< 0,32

No breakdown

10
5
0,30

IA 1A

Check of outer sheath marking

meets customer requirements

meets customer requirements

ICheck of packing

meets customer requirements

meets customer requirements

Net weight

5809 kg

Gross weight

TZO%HEA(QKA‘IE(

Quallty System certified

In aceordance with the requiremants of:

Totes: all tests were passed successfully, cable meets 1Y 354

- N
W rivicons)

N Husnoq g

-003-4Z747015-2007, [eC a0B40.

ﬁ@@

QD:

Th
31




Ltd «Estralin BVC»
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ESTRALINC

FACTORY ACCEPTANCE TEST REPORT

Page 1 Marking AlNeM2r 1x1600{crk)/110-64/110xB
{A2XS(FL)2Y 1X1600RMS/110-64/110 kV)
Serial number 1 6 0 3 43 Order Ne 879
Factory lengthNe  03z0 Cable drum Ne 27115875
Date 26.07.2016 Length 530 m
PARAMETER, UNITS OF MEASUREMENT REQUIREMENTS RESULTS
The outer end The inner end
Conductor )
conductor diameter, mm min 49,10, min 49,23 min 49,11
’ nom 49,60 avyg 49,32 avg 49,23
max 50,10 max 49,41 max 49,34
Conductor screen
thickness, mm min 1,00 min 1,76 min 1,72
({ nom 1,50 avg 1,96 avg 2,09
" max 2,50 max 2,15 max 2,45
max-min point difference, mm . g 1,0 0,39 0,73
Insulation ’ \
thickness, mm min 13,5 min 14,63 min 14,60
nom-_ 15,0 avg 15,16 avg 15,03
max \j18,0 max 15,68 max 15,45
eccentricity (Tmax-Tmin)Tmax, % < 5 7 8
diameter over Insulation, mm min 83,2 min 83,23 min 83,22
nom 84,2 " avg 83,69 avg 83,73
max 85,2 max 84,15 max 84,23
Insulation screen
thickness, mm min 0,5 min 0,92 min 0,98
nom 1,1 |.avg 1,11 Jlavg, 1,18
max 1,7 max 1,29 max 1,34
max-min point dlfference, mm < 1,0 0,37 0,36
diameter over lnsulation screen, min min 85,2 min 85,51 min 85,43
nom 86,4 avg 85,94 avg 85,93
max 87,6 max 86,37 max 86,42
. ratio @ min/@ max Z 0,95 0,99 0,29
Copper screen
cross-section, mm* > 110 112,67 112,87
uter sheath
thickness, mm min 3,3 min 3,62
nem 4,0 avg 4,35
D e max 5,07
X diaffieter over outer sheath, mm min 100,36
/fé = max 100,93

Notes: all tests Were passed successtu

Quallty System cortiflad i

In accordance wilh the requirements of:

Iy, cable meets TY 3530-003-42747015-2007, IEC 60340,

N
N

QD:

g7

000391
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FACTORY ACCEPTANCE TEST REPORT
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Page 2 Marking ANeN2r 1x1600(crxk)/110-64/110kB
{A2XS(FL)2Y 1X1600RMS/110-64/110 kV)
Serial number 1 6 0 343 Qrder Ne 879
Factory length Ne 0320 Cable drum Ne 27n5875 -1
DATE 26.07.2016 Length 530 m
PARAMETER, UNITS OF MEASUREMENT REQUIREMENTS RESULTS

Hot-set Test for Insulation

elangation under load, % < 175 57

permanent elongation, % < 15 ]

Check for incluslons or contaminants
{metals, fibers, gas hubbles) in the
insulation

No Confaminant - No Contaminant

l.ongltudinal sealing {metal foll)

L’ peel strength of overlapped foif, Nfmm =z 10 1,3
adhesion strength of foil, N/mm =z 10 1,8
Al tape thickness, mm > 01 0,15
overlaping, mm 2 15 16,1
Electrical tests
electrical resistance of conductor, {¥kn| < 0,0186 0,0184

Voltage Test
{160 kV, 30 min.)
Partial Discharge Test

No breakdown No breakdown

noise level at voltage of 160 kV, pC < 10 < 10
noise level at voltage of 96 kV, pC < ] < 5 .
cable capaclty, pFlkm < 0,32 0,30

Check of outer sheath marking

| meets customer requirements |

meets customer requirements

ICheckofpacking

meets customer requirements

meets customer requirements

Net weight

5809 kg Gross weight 7209 kg

Votes: all tests were passed successt
Quality System cortifled
In aceordance with the requirements of

— =N

ully, cable meels 1Y 3530-003-42747015-2007, IEC 605440,

‘ T

OTIEX
000 TBA

CHILEH C.B,

QD:
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FACTORY ACCEPTANCE TEST REPORT

Page 1 Markin AMeN2r 1x1600(crx}/110-64/110xB
9 (A2XS(FL)2Y 1X1600RMS/110-64/110 kV)
Serial number 1 6 0 344 - lorder Ne 879
. Factory length Na 0321 Cable drum Ne 27.&5876
Date 26.07.2016 Length 530 m .
PARAMETER, UNITS OF MEASUREMENT REQUIREMENTS RESULTS
The cuter end The inner end
Conductor
conductor diameter, mm min 49,10 min 49,19 min 49,27
nom 49,60 avyg 49,29 avyg 49,40
max 50,10 max 49,38 max 49,53
Conductor screen
thickness, mm min 1,00 min 1,43 min 1,72
( nom 1,60 avg 1,79 avg 1,91
max 2,50 max 2,14 max 2,09
max-min point difference, mm Y 1,0 0,71 0,37
Insulation
thickness, mm min 13,58 min 14,57 min 14,79
nom 15,0 avyg 15,02 avg 15,09
max 18,0 max 15,47 max 15,38
eccentricity (Tmax-Tmin)/Tmax, % < 15 6 4
diameter over Insulation, mm min 83,2 min 83,21 min 83,33
nom 84,2 avyg 83,69 avg 83,86
max  B5,2 max 84,17 max 84,39
Insulation screen
thickness, mm min 0,5 min 0,94 min 0,70
nom 1,1 .avg 1,26, lavwa 1,14
max 1,7 max 1,58 max 1,58
max-min point difference, mm = 1,0 0,64 0,88
diameter over Insulation screen, mm min 85,2 min 85,35 min 85,20
nom 86,4 avyg 85,86 avyg 85,85
) max 87,6 max 86,37 max 86,50
ratio @ min/@ max 2 0,95 0,99 0,98
Copper screen
cross-section, mm® > 110 112,13 112,13
Outer sheath
thickness, mm min 3,3 min 4,20
nom 4,0 avg 4,65
max 5,10
dlameter over outer sheath, mm min 102,30
) max 102,65
15-2007, [EC 00840,

Notas: all tesis were passed successtully, cable meeis TY 3530-00342747,

Quallty Systom certifled

In accordance with the requirements of;

\‘

QD:

000393 | -
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whww,estralin.com

FACTORY ACCEPTANCE TEST REPORT

TESEE TS

Page 2 Markin ANB2r 1x1600(crk)110-64/110xB
g {A2XS(FL)2Y 1X1600RMS/110-64/110 KV)
Serial number 1 6 0 3 44 Order No 879
Factory longth Ne 0321 Cable drum Ne 27115876
DATE 26.07.2016 Length 530 m
PARAMETER, UNITS OF MEASUREMENT REQUIREMENTS RESULTS

Hot-set iest for Insulation

elongation under load, % £ 178 57

permanent elongation, % < 15 0

Check for inclusions or contaminants
[(metals, fibers, gas bubbles) in the
insulation

No Contaminant

No Contaminant

Longitudinal sealing {metal foll}

Voltage Test

(160 kV, 30 min.}

Partial Discharge Test '

nolse level at voltage of 160 kV, pC
|noise level at voltage of 96 kV, pC
cable capacity, uF/km

No breakdown

10
§

<
<
< 0,32

neel strength of overlapped foil; Nfmum > 1,0 1,3
adhesion strength of foil, Nimm = 1,0 1,8
Al tape thickness, mm = 01 0,15
overlaping, mm z 15 16,1

Electrical tests

electrical resistance of conductor, Qfkn| < 0,0186 0,0184

No breakdown

10
5
0,30

IA A

Check of outer sheath marking

‘meets customer roquirements |

meets customer requirements

meets customer requirements

meets customer requirements

Net weight

Quality System certiflod
[n zecordance with the requirements of:

000354

i
i
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FACTORY ACCEPTANCE TEST REPORT

wayw.astralin.com

Page 1 Markin ANeN2r 1x1600(crx)/110-64/110kB
g {AZXS(FL)2Y 1X1600RMS/110-64/110 kV)
Serial number 1 6 0 3 51 Order N2 879
Factory length No 0322 Cable drum Ne 2715877
Date 26.07.2016 “|Length 450 m
PARAMETER, UNITS OF MEASUREMENT REQUIREMENTS RESULTS
The outer end The inner end
Conductor
conductor diameter, mm min 43,10 min 48,10 " | min 49,10
nom 49,60 avg 48,15 avg 49,17
max 50,10 max 49,19 max 49,23
Conductor screen )
thickness, mm min 1,00 min 1,69 min 1,81 .
nom 1,50 avy 1,93 avg 1,96
max 2,50 max 2,16 max 2,11
max-min point difference, mm < 1,0 0,47 0,30
Insulation
thickness, mm min 13,5 min 14,77 min 14,83
nom 15,0 avg 15,21 avg 15,16
max 18,0 max 15,65 max 15,48
eccentricity (Tmax-Tmin)/Tmax, % s 15 6 4
diameter over Insulation, mm min 83,2 min 83,23 min 83,45
nom 84,2 avg 83,97 avg 83,85
max 85,2 max 84,71 max 84,25
Insulation screen
thickness, mm min 0,5 min . 0,95 min 0,98
nom 1,1 lavg, 1,13 avg 1,14’
max 1,7 max 1,30 max 1,29
max-min point difference, mm < 1,0 0,35 0,31
diameter over Insulation screen, mm min 85,2 min 85,73 min 85,67
nom 86,4 avyg 86,34 avg 86,08
max 87,6 max 86,94 max 86,49
ratio ¢ min/¢ max > 0,95 0,99 0,99
Copper screen
cross-section, mm® = 110 112,67 ' 112,67
Guter sheath
thickness, mm min 33 min 3,99
nom 4,0 avyg 4,52
max 5,04
diameter over outer sheath, mm min 100,52
max 101,17

Notes: all lests were passéd successiully; cable meets Ty 3530-00342747015-2007, G 90840,
Quality System certifled il

In accordance with tha requiraments of;
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St et

FACTORY ACCEPTANCE TEST REPORT

Page 2 Marki Allen2r 1x1600(cok)/110-64/110kB
arking (A2XS(FL)2Y 1X1600RMS/110-64/110 kV)
Serial number 1 6 0 3 5 1 Crder Ne 879
Factory length Ne 0322 Cable drum Ne 2705877
DATE 26.07.2016 Length 450 m
PARAMETER, UNITS OF MEASUREMENT REQUIREMENTS RESULTS

Hot-set Test for Insulation

elongation under load, % < 175 57

permanent elongation, % < 15 ]

Check for inclusions or contaminants
{metals, fibers, gas bubbles)} in.the
insulation

No Contaminant

No Contaminant

Longitudinal sealing {metal foil}

Voltage Test
(160 kv, 30 min.)
Partial Discharge Test
nolse [evel af voltage of 160 kV, pC
noise [evel at voltage of 96 kV, pC
" cable capacity, uFikm

No breakdown

10
5
0,32

INIAIA

veel strength of overlapped foil, Nlmm > 1,0 1,3
adhesion strength of foii, Nfmm 2 1,0 1,8
Al tape thickness, mm > 01 0,15
overlaping, mm > 15 16,1

Electrical tests

electrical resistance of conductor, {J/kn < 0,0186 0,0184

No breakdown

10
5
0,29

IA A

Check of outer sheath marking

| meets customer requirements |

meets customer requirements

lCheck-of packing

meets customer requirements

meets customer requirements

Net weight

932 kg Gross weight

lotes: all tests wére passed successiu
Iauality System cedlfied

In aceordance with the requtremenls of:

IIy, cable megfs TY EEEd 003-42747075-2007, TEC 60840,

QD:

000396
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ESTRALIN™*

FACTORY ACCEPTANCE TEST REPORT

Page 1
Serial number

Date 26.07.2016

160352

Marking
Order Ne

Length

Factory length Ne

AMNzN2r 1x1600(crx)/110-64/110kB
(A2XS(FL)2Y 1X1600RMS/110-64/110 kV)

879
0322
450 m

Cable drum N 2715878

PARAMETER, UNITS OF MEASUREMENT

REQUIREMENTS

RESULTS

The outer end The inner end
Conductor
conductor diameter, mm min 49,10 min 49,16 min 49,22
nom 49,60 avg 49,47 avy 49,57
max 50,10 max 49,78 max 49,92
Conductor screen
thickness, mm min 1,00 min 1,47 min 1,64
L nom 1,50 avg 1,82 avg 1,88
L max 2,50 max 2,17 max 2,11
max-min polint difference, mm < 1,0 0,70 0,47
Insulation
thickness, mm min 13,5 min 14,66 min 14,50
nom 150 avy 15,16 avy 15,24
max 18,0 max 15,66 max 15,97
eccentriclty (Tmax-Tmin}Tmax, % < 15 . 6 9
diameter over Insulation, mm min 83,2 min 83,68 min 83,40
’ nom 84,2 avy 84,09 avg 83,96
max §5,2 max 84,49 max 84,51
insulation screen
thickness, mm min 0,5 min 0,92 min 0,93
hom 1,1 avg A4 lavg | 1,2, .
max 1,7 max 1,35 max 1,30
max-min point difference, mm < 1,0 0,43 0,37
diameter over [nsulation screen, mm min 85,2 min 85,95 min 85,50
nom 86,4 avyg 86,36 avg 86,05
P max 87,6 max 86,77 max 86,59
L ratio @ min/@ max > 0,95 0,99 . 0,99
Copper screen
cross-section, mm® = 110 112,40 112,40
Outer sheath
thickness, mm min 3,3 min 4,12 min 4,35
P nom 4,0 avg 4,31 avy 4,68
e T max 4,49 max 5,01
) diametar over outer sheath, mm min 100,65 min 100,84
(//(é L max 101,23 max %01,83
LA

Notes:all tests were passed sticcessiu
Quatity System certifled g

In accordanecs with the requirements of;

.

ly, cable maets 1Y 3530-003-42747

16-2007, [ECR0840,

Qo:

U

000 BCTRATHE 3B
et Enes,

=T
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FACTORY ACCEPTANCE TEST REPORT

Page 2 Markin ANsN2r 1x16800{crk)/110-64/110B
rking {A2XS(FL)2Y 1X1600RMS/110-64/110 kV)
Serial number 1 6 0 3 52 QOrder Ne 879
i) 7 8.
Factory longth Ne 0323 Cable drum Ne 27115878
DATE 26.07.2016 Length 450 m
PARAMETER, UNITS OF MEASUREMENT REQUIREMENTS RESULTS

Hot-set Test for Insulation

elongation under load, % < 175 50

permanent elongation, % < 15 0
Check for inclusions or contaminants
(memls.’ fibars, gas bubbles) in the No Contaminant No Contaminant
insulation
Longitudinal sealing (metal foil)

“ngel strength of overlapped foll, Nimm > 1,0 1,3

adhesion strength of foil, Nfmm 2 10 1,8

Al tape th[c_:kness. mm > 0,1 0,15

overlaping, mm > 15 16,1
Electrical tests
electrical resistance of conductor, Q/kry < 0,0186 0,0184
Voltage Taest
(160 KV, 30 min.) No breakdown No breakdown
Partial Discharge Test
nolse level at voltage of 160 kV, pC < 10 < 10
noise level at voltage of 96 kV, pC < 5 < 5

cable capacity, pF/ikm < 0,32 0,31
Check of outer shaath marking

U | meets customer requirements | . meefs customer requirements
Check-ofpacking .
meets customer requirements meefs customer requirements

Net weight

4932 kg Gross weight 6332 kg

Joles: all tests were passed successiu
Quality System certified o

In ascordance with the requiraments of;

lly, cable meets 1Y INI0-00342747015-2007, IEC 60540,

Qn:
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FACTORY ACCEPTANCE TEST REPORT
Page 1 Marking AMsN2r 1x1600(cok)f110-64/110kB
{AZXS(FL)2Y 1X1600RMS/110-54/110 kV)
Serial number 1 6 0 3 5 3 Order Ne 879
Factory longth Ne 0324 Cable drum Ne 27115879
Date 26.07.2016 Length 450 m
PARAMETER, UNITS OF MEASUREMENT REQUIREMENTS RESULTS
The outer end The Inner end
Conductor
conductor diameter, mm min 49,10 min 4910 min . 49,10
nom 49,60 avg 49,39 avg 49,42
max 50,10 max 49,67 max 49,74
Conductor streen
thickness, mm min 1,00 min 1,62 rirt 1,62
nom 1,50 avg 1,88 avg 1,89
max 2,50 max 2,14 max 2,16
max-min point difference, mm < 1,0 0,52 0,54
[nsulation
thickness, mm min 13,56 min 45,02 min 14,76
nom 15,0 avg 15,32 avg 15,19
max 18,0 max 15,61 max 15,62
eccentricity (Tmax-Tmin}Tmax, % S 15 4 i}
dlameter over Insulation, mm min 83,2 min 83,77 min 83,65
nom 84,2 avg 84,21 avg 83,95
max 85,2 max 84,65 max 84,25
Insulation screen
thickness, mm min 0,5 min 0,95 min 0,87
nom. 1,1 avg. . 1,13 .. Javw 1,15 .
max 1,7 max 1,31 max 1,43
' max-min point difference, mm < 1,0 0,36 0,56
diameter over Insulation screen, mm - min 85,2 min 86,05 min 85,87
nom 86,4 avg 86,46 avg 86,22
max 87,6 max 86,87 max 86,56
ratio @ min/@ max > 0,95 0,99 ‘ 0,99
Copper screen
cross-saction, mm® > 110 © 412,13 112,13
Quter sheath
thickness, mm min 3,3 min 3,95 min 3,90
o nom 4,0 avg 4,43 avg . 4,46
R max 4,90 DingEd  SIEECTRA
(A7 diameter over outer sheath, mm min 100,82 0ok 9 C'fﬂ%ﬁiﬁ 3BK
' mBGIN
Notes: all tesfs were passed succesmm

Quality Systom cerified
In accordance with the requirements of;

000329
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Kabeita ESTRALIN™
www.astralin.com P
FACTORY ACCEPTANCE TEST REPORT
Page 2 Markin ANel2r 1x1600(crx}/110-64/110kB
g (A2XS{FL)2Y 1X1600RMS/110-64/110 kV)
Serial number 1 6 0 3 5 3 Order Ne 879
o
Factory length Ne 0324 Cable drum Ne 271Dﬁ5879
DATE 26.07.2016 Length 450 m
PARAMETER, UNITS OF MEASUREMENT REQUIREMENTS RESULTS
Hot-set Test for Insulation
elongation under load, % < 175 50
permanent elongation, % < 15 0
Check for Inclusions or contaminants
(metals, fibers, gas bubbles) in the No Contaminant No Contaminant
insuiation
Longitudinal sealing (metal foil)
1eel strangth of overlapped foil, Nfimm > 1,0 1,3
adheston strength of foil, Nimm > 1,0 1,8
Al tape thickness, mm 2 04 0,15
overlaping, mm > 15 16,1
Electrical tests
electrical resistance of conductor, Qfkn < 0,0186 0,0184
Voltage Test
(160 kV, 30 min.) No breakdown No hreakdown
Partial Discharge Test
noise lavel at voltage of 160 kV, pC < 10 < 10
. [noise level at voltage of 96 kV, pC < 5 < 5
cable capacity, yFlkm < 0,32 _ 0,29.
Check of outer sheath marking
_meets gustomer requiremenis | | meets customer requirements.. .
Checkofpacking . s
meets customer requirements meets customer requirements
Net weight 4932 kd Gross weight 6332 kg
Iotes: all tests Were passed successfully, cable meets TY 3530-00342747015-2007, IEC 50840, OTAEX ECTBA
Quality System cartified : 000 a 3BK
in aceardance with the requirements of: C
QD:

47 L2
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ESTRALINMC
www.estralin.com s
FACTORY ACCEPTANCE TEST REPORT
Page 1 Markin ARel2r 1x1600(crx)/110-64/110xB
g (A2XS(FL}2Y 1X1600RMS/110-64/110 kV)
Serial number 1 60345 Order Ne 879
Factory length Ne 0325 Cable drum Ne 2705880
Date 26.07.2016 Length 485 m
PARAMETER, UNITS OF MEASUREMENT REQUIREMENTS RESULTS
The outer end The inner end
Conductor
conductor diameter, mm min 49,10 min 49,19 min 49,10
nom 49,60 avg 49,52 avyg 49,45
max 50,10 max 49,85 max 49,79
Conductor screen
thickness, mm min 1,00 min 1,55 min 1,65
( nom 1,50 avg 1,81 avg 2,03
max 2,50 max 2,07 max 2,41
max-min point difference, mm < 1,0 0,52 0,76
Insulation
thickness, mm min 13,5 min 15,05 min 15,11
nom 15,0 avg 15,32 avg 15,54
max 18,0 max 15,58 max 15,97
eccentricity (Tmax-Tmin)Tmax, % < 15 3 5
diametar over Insulation, mm min 83,2 min 83,64 min 84,25
nom 84,2 avya 84,24 avg 84,50
max 85,2 max 84,84 max 84,75
|tnsutation screen
thickness, mm min 0,5 min 0,95 min 0,98
_nom 44 {.avy. 1,43 . | avyg. 1,2 .
max 1,7 max 1,30 max 1,26
max-min point difference, mm < 1,0 0,35 0,28
diameter over Insulation screen, mm min 85,2 min 85,88 min 86,61
nom 864 avg 86,46 avg 86,79
{ max 87,6° max 87,04 max 86,96
b ratio @ min/g max > 095 0,89 1,00
Copper screen
cross-sectlon, mm®* > 110 112,40 112,40
Quter sheath
thickness, mm min 33 min 4,10 min 4,20
. ) nom 4,0 .| ava 4,40 avg 4,41
o max 4,70 max 4,62
(/,4 ié’d/iéﬁer over outer sheath, mm min 100,84 min 99,45
. ' 101,51 Qg% 1@%2!36
Nofes: all tesis were passed successiu mkka -
Quality System certifled v . ac
In accordanca with the requirements of: ) 4
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www.estralin.com .
.FACTORY ACCEPTANCE TEST REPORT
Page 2 Markin ANeT2r 1x1600(cnx}/110-64/110kB
d (A2XS(FL)2Y 1X1600RMS/110-64/110 kV)
Serial number 1 6 0 3 45 Order Ne 879
Factory length Ne 0328 Cable drum Ne 27;15880
DATE 28.07.2016 Length 485 m
PARAMETER, UNITS OF MEASUREMENT REQUIREMENTS RESULTS
Hot-set Test for insulation
elongation under load, % < 175 72
permanent elongation, % < 15 0
Check for inclusions or contaminants
fmetals.‘ fibers, gas bubbles) in the No Contaminant No Contaminant
insulation
_ |Congitudial sealing (metal foil)
{(  'oeel strength of overlapped foil, N/mm > 1,0 1,3
adhesion strength of foil, Nfmm > 1,0 1,8
Al tape thickness, mm > 04 045
overlaping, mm > 15 16,1

Electrical tests

electrical resistance of conductor, {Hkn] < 0,0186 0,0184
Voltage Test
lct80 kv, 30 min) No breakdown No breakdown
Partial Discharge Test
noisa level at voltage of 160 KV, pC < 10 < .10
- |noise level at voltage of 96 kV, pC < & < 5
cable capacity, pF/km < 0,32 0,29
Check of outer sheath marking )
. ) .1 meets customaer regquirements. . .. meets customer requirements. . 1.
——{Gheck-of packi . : i
Feacking meets customer requirements meets customer requirements

Net weight 5316 kd Gross weight 6716 kg

{  oweTaTTeSEWers passeu SuCCESSTy, Gable feets TV 3530 D03 AZTATOTE-2007, TEC GUBAT:
Cluality System certifled i --—-‘_‘ )

In accordanca with the requitements of; -

Qn:

000402 | o eINA
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FACTORY ACCEPTANCE TEST REPORT

Page 1 Markin Ale2r 1x1600(cnk}110-64/1 10kB
g {A2XS(FL)2Y 1X1600RMS/110-64/110 kV)
Serial number 160346 Order N 879
Factory length Na 0326 Cable drum Ne 27ﬂ5881
Date 26.07.2016 Length 485 m
PARAMETER, UNITS OF MEASUREMENT REQUIREMENTS RESULTS
The oufer end The inner end
Conductor
conductor diameter, mm min 49,10 min 49,11 min 49,22
nom 49,60 avyg 49,35 avg (49,27
max 50,10 max 49,59 max 49,31
Conductor screen .
’ thickness, mm min 1,00 min 1,52 min 1,66
( nom 1,50 avg 1,97 avg 1,94
max 2,50 max 242 max 2,21
max-min point difference, mm < 1,0 0,90 0,55
Insulation
thickness, mm min 13,8 min 14,88 min 14,61
nom 15,0 avg 15,36 avg 15,08
max 18,0 max 15,84 max 15,54
eccentricity (Tmax-Tmin)Tmax, % s 15 6 6
diameter over Insulation, mm min 83,2 min 83,96 min 83,47
nom 84,2 avyg 84,35 avy 84,08
max 85,2 max 84,73 max 84,68
Insulation screen
thickness, mm min 0,5 min 0,90 min 0,97
. hom 1,1 .avy. 1,10 .avg. 4,14
max 1.7 max 1,30 max 1,31
max-min point difference, mm =9 1,0 0,40 0,34
diameter over Insulation screen, mm min 85,2 min 86,08 min 85,72
nom 86,4 avyg 86,51 avg 86,31
{ max 87,6 max 86,93 max 86,89
\ ratio @ min/@ max 0,95 0,99 0,99
Copper screen
cross-section, mm* > 110 112,54 142,54
Outer sheath
_ thickness, mm min 33 min 3,72 min 410
’ /j'/ nom 4,0 | avg 4,38 avg 4,45
Pt C_’—ﬂ max 5,03 max 4,80
" diameter over outer sheath, mm min 100,32 min 100,49
max 101,09 max 101,30
Iy, cable meels 1Y 3530-003-42747015-2007, IEC G0840.

Nofes: all tesis Were passed successfu

Cuality System certiflod
I accordance with the requirenients oft

—_
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FACTORY ACCEPTANCE TEST REPORT

ESTRALIN™

e

Page 2 Marking Alel12r 1x1600{crx)/110-64/110xB
{A2XS{FL)2Y 1X1600RMS/110-64/110 kV)
Serial number 1 60346 Order Ne 879
Factory length Ne 0326 Cable drum Ne 27015881
DATE 26.07.2016 Length 485 m
PARAMETER, UNITS OF MEASUREMENT REQUIREMENTS RESULTS

Hot-set Test for insulation

elongation under load, % g 175 71

permanent efongation, % < 15 ]

Check for incluslons or contaminants
(metals, fibers, gas bubbles) in the
insulation

No Contaminant

No Contaminant

Longitudinat sealing {metal foil)

Voltage Test

(160 kV, 30 min.)

Partial Dis¢charge Test

noisa level at voltage of 160 kV, pC

noise level at voltage of 96 kV, pC
cable capacity, pF/km

yeel strength of overlapped foil, Nfmm > 10 1,3
adhesion strangth of foll, N/fmm = 1,0 1,8
Al tape thickness, mm = 01 0,15
overlaping, mm > 15 16,1

Electrical tests

electrical resistance of conductor, CYki < 0,0186 0,0184

No breakdown

10
5
0,32

IA A IA

No breakdown

10
5
0,29

N IA

Check of outer sheath marking

| meets customer reguirements |

meets customer.requirements. . -]

Checkof packing

meets customer requirements

meets customer requirements

Net weight

5316 kg Gross weight

Quality System corlified i

In accordance with the requirernents of:

[ofes: all tests were passed successiully, cable meets 1Y 3530-003-42747015-2007, JEG 60840.

6716 kg
OTIES 1)

QD:

000404




Ltd «Estralin HVCw

£111024; Moseasis2nd Kabelnayal

www,estralin.com

FACTORY ACCEPTANCE TEST REPORT

ESTRALIN

2o e et e

Page 1 Markin ANBN2r 1x1600(crx)/110-64/110xB
g {A2XS(FL)2Y 1X1600RMS/110-64/110 kV)
Serlal number 1 6 0 3 47 Order Ne 879
Factory length Ne 03z Cable drum Ne 2715882
Date 26.07.2016 Length 485 m
PARAMETER, UNITS OF MEASUREMENT REQUIREMENTS RESULTS
The outer end The inner end
Conductor
conductor diameter, mm min 49,10 min 49,11 min 49,11
nom 49,60 avg 49,35 avg 49,23
max . 50,10 max 49,58 max 49,35
Conductor screen
. thickness, mm min 1,00 ntin 1,84 min 1,79
( nom 1,50 avg 1,98 avg 1,93
max 2,50 max 2,12 max 2,07
max-min point difference, mn £ 1,0 0,28 0,28
Insulation ’
thickness, mm min 13,5 min 14,80 min 14,78
nom 15,0 avg 15,17 avg 15,26
max 18,0 max 15,54 max 15,72
eccentricity (Tmax-Tmin)Tmax, % < 15 5 6
diameter over Insulation, mm min 83,2 min 83,90 min 83,63
' nom 84,2 avg 84,25 avy 84,09
-max 852 max 84,60 max 84,54
Insulation screen
thickness, mm min 0,5 min 0,92 min 0,94
nom . 1,1._ Lavg. .. 4t avg . 1,12
max 1,7 max 1,29 max 1,29
max-min point difference, mm < 1,0 0,37 0,35
diameter over Insulation screen, mm min 85,2 min 86,14 min 86,26
nom 86,4 avg 86,45 avg 86,48
(" max 87,6 max 86,75 max 86,70
) ratio @ min/@ max 2 0,95 0,89 0,29
Copper screen
crass-section, mm* > 110 112,13 112,13
Outer sheath
thickness, mm min 3,3 min 3,60 min 4,45
e ) nom 4,0 avyg 4,33 avg 4,78
L/é o max 5,05 max 5,10
——“tilamater over outer sheath, mm min 101,98 min 109,66
max 102,81

otes! all (esls were passed successiully, cable meets 7Y A530-003-32747015-2007, IEC 60840, ‘

Gality System corliffod

In accordance with the raquirements oft

Y




Ltd «Estralin HVCy

wwiw.estralin.com

€ST

et R S TR A T

"FACTORY ACCEPTANCE TEST REPORT

RAL!N"'VZ

Page 2 Markin AlNeN2r 1x1600({crk)/110-64/110kB
9 (A2XS{FL)2Y 1X1600RMS/110-64/110 kV)
Serial numhber 1 6 0 347 Order Ne 879
: Factory length Ne 0327 Cable drum Ne 27ﬂ5882
DATE 26.07,2016 Length 485 m
PARAMETER, UNITS OF MEASUREMENT REQUIREMENTS RESULTS

Hot-set Test for Insulation

elongation under load, % < 175 71

permanent elengation, % £ 15 0

Check far inclusions or confaminants
(metals, fibers, gas bubbles) in the
insulation .

No Contaminant No Contaminant

Longitudinal sealing (metal foll)

Voltage Test

(160 kV, 30 min.)

Partial Discharge Test

noise [evel at voltage of 160 KV, pC
noise fevel at voltage of 96 kV, pC
cable capaclty, pF/km

neel strength of overlapped foil, Nimm > 10 1,3
adhesion strength of foil, N/mm z 10 1,8
Al tape thickness, mm > 041 0,15
cverlaping, mm 2 15 16,1

Electrical tests

electrical resistance of conductor, Qfkim < 0,0186 0,0184

No breakdown No breakdown

< 10 < 10
< .5 < 5
< 0,32 0,29

Check of outer sheath marking

| meets customer requirements meets customer.requirements..

—[Check-ofpacking

meets customer requirements meets customer requirements

Net weight

otes: all tesis were passed sUCCess
Quality System cartlfied
In ageordansce with the requirements of:

6716 kg

Tlly, cable meets
- -

Qp:

000406




Ltd «Estralin HVC» - :
{11024, MoScow; 2ndRabelnaya i, 2, bl 24 ESTRALIN™C
wvw.estralin.com T S b=
FACTORY ACCEPTANCE TEST REPORT
Page 1 Markin ATBN2r 1x1600{cnx)/110-84/110xB
9 (A2XS(FL)2Y 1X1800RMS/110-64/110 kV)
Serlal number 1 6 0 348 Order N2 B79
Factory length Ne 0329 Cable drum Ne 27115884 |
Date 26.07.2016 Length 470 m
PARANETER, UNITS OF MEASUREMENT ‘REQUIREMENTS : RESULTS
The outer end The inner end
Conductor
conductor diameter, mm min 49,10 min 49,10 min 49,11
nom 49,60 avg 49,25 avyg 49,33
max 50,10 max 49,40 max 49,54
Conductor screen
thickness, mm min 1,00 min 1,63 min 1,49
( nom 1,50 avg 1,96 avg 1,83
max 2,50 max 2,29 max 2,16
max-min point difference, mm < 1,0 0,66 0,67
Hinsulation
thickness, mm min 13,5 min 14,58 min 14,65
nom 15,0 avy 15,18 avg 15,17
max 18,0 max 15,47 max 15,69
eccentricity (Tmax-Tmin)Tmax, % < 15 4 7
diameter over Insulation, mm min 83,2 min 83,70 min 83,45
hom 84,2 avy 84,20 avg 84,03
max 852 max 84,70 max 84,60
Insulation screen
thickness, mm min 0,5 min 0,97 min 0,95
hom, A1 ..avg 1,14, .avg... 115
max 1,7 max 1,30 max 1,34
max-min point difference, mm < 1,0 0,33 0,39
diameter over Insulation screen, mm min 85,2 min 86,04 min 85,78
nom 86,4 avg 86,44 avg 86,30
( max 87,6 max 86,84 max 86,32
he ratio @ minf@ max 2 095 c,99 0,99
Copper screen
crass-section, mm* z 110 112,13 112,13
QOuter sheath
thickness, mm min 33 min 3,20
by nom 4,0 avg 4,45
(e = max 50 \
" diametar over outer sheath, mm min 100,76
max 101,80
Notes: all tests were passed successtully, cable meets 1Y 3530-003-42747015- \ X
Quality System certiited =
In ac¢ordance wilh the requirements of;

000407




—tGheckofpacking

Ltd «Estralin HVC»

www.estralin.com

ESTRALIN™C [

FACTORY ACCEPTANCE TEST REPORT

permanent elongation, %

Page 2 Marking AleN2r 1x1600(crx)M 10-64/110kB
- (A2XS(FL)2Y 1X1600RMS/110-64/110 kV)
Serial number 1 6 0 34 8 Order Ne 879
Factory length Ne 0329 Cable drum Ne 27115884
DATE 26.07.2016 l.ength 470 m
PARAMETER, UNITS OF MEASUREMENT REQUIREMENTS RESULTS
Hot-set Test for Insulation
elongation under load, % < 175 64
< 15 0

Check for inclusions or contaminants
(metals, fibers, gas bubbles} in the
insulation

No Contaminant No Contaminant

Longitudinal sealing {metal foil)

" “peel strength of overlapped foil, N/fmm > 1.0 1,3

adhesion strength of foil, Nimm 2 10 1,8
Al tape thickness, mm I 0,15
overlaping, mm > 15 16,1

Electrical tests

electrical resistance of conductor, CYKn < 0,0186 0,0184

x%léaf\?' T;,]s tmin.) No breakdown No breakdown

Partial Discharge Test

noise level at voltage of 180 kV, pC < 10 < 10

noise level at valtage of 86 kV, pC < 5 < 5
cable capacity, gFfkm < 0,32 0,30

éheck of outer sheath marking

| .meets customer requirements | .

_ngets customer requirements.

meets customer requirements " meets customer requirements

Net weight

5152 kg Gross weight

Quality System certiflad

in accordance with the requirements of:

Iofesi alltesis were passed successiully, cable meets Ty 353

03-A2747015-2007, TEC 60840,

QD:

000408
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(111024, Mogeow, 2-hd Kabeinaya s
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www.astralin.com i
FACTORY ACCEPTANCE TEST REPORT
ANBN2r 1x1600(crk)/110-64/110kB -
(A2XS(FL)2Y 1X1600RMS/110-64/110 kV)

Serial number 160349 Order Na 12 Cable drum Ne 2715885, |

Factory length Ne

Page 1 Marking

Date 26.07.2016 Length 47 m
PARAMETER, UNITS OF MEASUREMENT REQUIREMENTS : RESULTS
The outer end The inner end
Conductor ) '
conductor diameter, mm min 49,10 min 4910 min 49,17
nom 49,60 avy 49,34 avy 49,30
max 50,10 max 49,58 max 49,43
Conductor screen
thickness, mm min 1,00 min 1,53 min 1,86
nom 1,50 avg 1,84 avg 1,98
max 2,50 max 2,15 max 2,10
max-min point difference, mm < 1,0 0,62 0,24
Insulation .
thickness, mm min 13,5 min 14,41 min 14,79
nom _ 15,0 avg 15,08 avg 15,26
max 18,0 max 15,75 max 15,73
eccontricity {Tmax-Tmin)Tmax, % < 15 8 6
diameter over insutation, mm min 83,2 min 83,57 min 83,51
nom 842 avg 83,02 avy 84,00
max 85,2 max 84,27 max 84,49
Insulation screen
thickness, mm min 0,5 min 0,91 min 0,63
nom 1,1 . . avg . 1,27.. . |avg. 1,08 .
max 1,7 max 1,62 max 1,53
max-min point difference, mnt < 1,0 0,71 0,90
diameter over Insulation screen, mm min 85,2 min 85,87 min 85,60
nom 86,4 avg 86,34 avyg 85,93
max 87,6 max 86,80 max 86,25
ratio @ min/¢ max > 0,95 0,99 0,99
Copper screen -
cross-section, mm* > 110 112,13 112,13
Outer sheath
thickness, mm min 33 min 3,95 min 4,02
I nom 4,0 avg ,11 avy 4,85
77— max 7 max 5,07
" diameter over outer sheath, mm min 100, min 100,40
max 102,2@ (max,,, 101,15

Notes: all tests wele passed successfu Iy. Cable Meets 1V 3540-005-42747015-2007, [EC 605840,
Quality System ¢oriified N
In accordance with the requirements of:
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Ltd «Estralin HVC» =
ESTRALINC
voww.estralin.com S
FACTORY ACCEPTANCE TEST REPORT
Page 2 Markin ANBM2r 1x1600{crx)/110-64/110kB
g (A2XS(FL)2Y 1X1600RMS/110-64/110 kV)
Serial number 1 6 0 349 Order Ne 879
~ |Factory length Ne 0330 Cable drum Ne 27715885
DATE 26.07.2016 Length 470 m )
PARAMETER, UNITS OF MEASUREMENT REQUIREMENTS RESULTS
Hot-set Test tor Insulation
elongation under load, % < 176 64
permanent elongation, % < 15 0
Check for inclusions or contéminants
(metals., fibers, gas bubbtes) in the No Contaminant - No Contaminant
insulation
_ [rongitudinal sealing {metal foil)
{  meel strength of overlapped foil, N/mm = 1,0 1,3
) adhesion strength of folf, Nfmm > 1,0 1,8
Al tape thickness, mm s 01 : 0,15
overlaping, mm > 15 16,1
Electrical tests
electrical resistance of conductor, (k| < 0,0188 0,0184
Voitage Test
(160 KV, 30 min.) No breakdown No breakdown
Partial Discharge Test *
nolse level af voltage of 160 kV, pC < 10 < 10
noise level at voltage of 86 kV, pC < 5 < 5
cable capacity, uFlkm < 0,32 0,30
Check of outer sheath marking
N [ J.meets customer requirements | mests customer requirements
——6hesk: ki
selcotpacking meets customer requirements meets customer requirements
Net weight 5152 kg Gross weight 6552 kg

(\ loies: all tests were passed successiufly, cable meets Ty 3530-003-427470715-2007, IEC 60840.
Quality System certified et .
In accordance with the requirements of: '
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Ltd «Estralln HVC» o
&IlfOZ (0SEaWs 27N C[_E(al;:é:};ﬁ:yistlj;znlﬁdg ESTRAL !N HVE
wwiw.estralin.com e o
FACTORY ACCEPTANCE TEST REPORT
Page 1 Markin ANeN2r 1x1600{crx)/110-64/110xB
g (AZXS(FL)2Y 1X1600RMS/110-64/110 kV)
Serialt number 1 6 0 3 54 Order Ne 879
Factory length Ne o328 Cable drum Ne 2705883
Date 26.07.2016 Length 470 m
PARAMETER, UNITS OF MEASUREMENT REQUIREMENTS RESULTS
The outer end The inner end
Conductor
conductor diametar, mm min 49,10 min 49,17 min 49,38
nom 49,60 avg 49,35 avg 49,49
max 50,10 max 49,52 max 49,60
Conductor screen
thickness, mm min 1,00 min 1,756 min 1,80
( nom 1,50 avg 240 avg 2,02
max 2,50 max 2,44 max 2,24
max-min point difference, mm < 1,0 0,69 0,44
Insufatlon
thickness, mm min 13,5 min 14,69 min 14,72
nom 15,0 avg 15,17 avyg 15,15
max 18,0 max 15,65 max 15,58
eccentricity (Tmax-Tmin)Tmax, % < 15 6 6
diameter over Insulation, mm min 83,2 min 83,52 min 83,79
nom 84,2 avg 83,97 avy 83,99
max 85,2 max 84,41 max 84,19
Insutation screen
thickness, mm min 0,5 min 0,94 min 0,65
.hnom, 11 .avg . 1,26 .. J-avg.. . 1,08. . |-
max 1.7 max 1,68 max 1,51
max-min point difference, mm < 1,0 0,64 0,86
diameter over Insutation screen, mm min 85,2 min 85,79 min 85,85
nom 864 avg 86,23 avg 86,27
,( max 87,6 max 86,67 max 86,69
" ratlo @ minf@ max z 0,9 0,99 0,99
Copper screen
cross-section, mm® > 110 112,13 112,13
Quter sheatn \
thickness, mm o min 3,3 min 4,25 Q:‘g 4,44
(.. wéicj_d nom 4,0 avg 4,61 4,73
’ max 4,97 ax 5,02
diameter over outer sheath, mm min 100,65 mi 101,70
max 101,38 max\, 102,08 /
Notes: all tesis were passed successiully, cable Meets 1Y a0a0-003-42 (47015-2007, TEC 60840,
Quallty System carlified =S
In accordanca with the requirements of: i ': : mv@\




Ltd «Estralin HVC»

ES'I"'RAL!N“"C

wyaw,estralincom N
FACTORY ACCEPTANCE TEST REPORT
Page2 . Markin AlsM2r 1x1600(crk)i110-64M110xB
g (AZXS(FL)2Y 1X1600RMS/110-64/110 kV)
Serial number 1 6 0 3 54 Order Ne 879
0 .
Factory length e 0326 Cable drum Ne 27715883
DATE 26.07.2018 Length 470 m
PARAMETER, UNITS OF MEASUREMENT REQUIREMENTS RESULTS

Hot-set Test for Insulation

elongation under load, % g 175 71

permanent elongation, % < 15 0
Check for inclusions or contaminants
gmeta(s, fibers, gas bubbles) In the No Contaminant No Contaminant
insulation
Longltudinal sealing (metal foil)
veel strength of overlapped foll, N/mm = 1,0 1,3

adhesion strength of foil, N/mm =2 10 1,8

Al tape thickness, mm = 01 0,15

overlaping, mm 2 15 16,1
Electrical fasts
electrical resistance of conductor, Ckiy < 0,0186 0,0184
Voitage Test
(160 KV, 30 min.) No breakdown No breakdown
Partial Discharge Test
noise level at voltage of 160 kV, pC < 10 < 10
nolse level at voltage of 96 kV, pC < 5 < 5

cable capacity, pFikm < 0,32 0,30
Check of outer sneath marking

J |.meets customer.requirements.| . . . . meets customer requirements . ..
Checkof packing . -
meets customer requirements meets customer requirements

Net weight 5152 kd Gross weight 6552 kg

lotes: all tesis were passed successfuily, cable meets TY 3530-003-42747075-2007, IEC G084,
Quality System cortified :

In accordance with the requirements of;

QD:

J Hh 38K
Cbmﬂm‘ R,
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i
Ltd «Estrali HVC»
wewwestralin.com T
FACTORY ACCEPTANCE TEST REPORT
Page 1 Marking ANeN2r 1x1600(crx)/110-64/110xB
(A2XS(FL)2Y 1X1600RMS/110-64/110 kV)
Serial number 1 6 0 3 5 5 Order Ne 879
Factory longth Ne 0331 Cable drum Ne 27075898
Date 01.08.2016 Length 535 m
PARAMETER, UNITS OF MEASUREMENT REQUIREMENTS RESULTS
The outer end The inner end
Conductor
conductor diameter, mm min 49,10 min 49,18 min 49,47
nom 49,60 avg 49,39 avg 49,65
max 50,10 rmax 49,60 max 49,83
Conductor screen
thickness, mm min 1,00 min 1,70 min 1,63
nom 1,50 avg 2,07 avg 1,92
max 2,50 max 2,44 max 2,20
max-tnin point difference, mm < 1,0 0,74 0,57
nsulation
thickness, mm min 13,5 min 14,80 min 14,66
nom 15,0 avg 15,07 avg 15,00
max 18,0 max 15,34 max 15,34
eccentricity (Tmax-Tmin)Tmax, % £ 15 4 4
diameter over Insulation, mm min 83,2 min 83,33 min 83,20
nom 842 avg 83,70 avg B3,67
max 85,2 max 84,04 max B4,13
Insulation screen
thickness, mm min 0,5 min 0,93 min 0,94
nom 1,1 lavg 1,22 1 avyg 1,21
max 1,7 . max 1,50 max 1,48
max-min point difference, mm < 1,0 0,57 0,54
diameter over Insulation screen, mm min 85,2 min 85,86 min 85,20
nom 86,4 avy 86,22 avy 85,78
max 87,6 max 86,57 max 86,35
ratio ¢ min/¢ max 2 0,95 0,99 0,99
Copper screen
cross-section, mm* > 110 112,13 112,13
Quter sheath
thickness, mm min 3,3 . min 4,26 min 4,12
nom 4,0 avyg 4,61 avg 4,46
max 4,95 max 4,80
diameter over ocuter sheath, mm min 101,18 min 100,67
max 101,79 max 101,00
Notes: all tesls were passed successfu Ty, cable meets TY 3530-003-42747015-2007, 1&C 60840.
Quamystam conlified
%@ the requirements of:




A

Ltd «Estralin HVC»

www.estralin.com

FACTORY ACCEPTANCE TEST REPORT

Page 2 Marking AleM2r 1x1600{cnk)/110-84/110kB
(A2XS(FL)2Y 1X1600RMS/110-64/110 kV)

Serial number 1 6 0 355 Order N 879 Cable d Ne 27 T5898

' Factory length Ne 0331 “able arum Ne D‘ T
DATE 01.08.2016 Length 535 m

PARAMETER, UNITS OF MEASUREMENT REQUIREMENTS RESULTS

Hot-set Test for Insulation

elongation under load, % < 175 68

. permanent elongation, % < 15 0

Check for inclusions or contaminants
(metals, fibers, gas bubbles) in the
insulation

No Contaminant

No Contaminant

Longitudinal sealing (metal foil)

Voltage Test

(160 kv, 30 min.)

Partial Discharge Test

noise level at voltage of 160 kV, pC

noise level at voltage of 96 kV, pC
cahle capacity, yFfkm

No breakdown
< 10
< 5
< 0,32

‘peel strength of overlapped foil, N/mm z 1,0 1,3
adhesion strength of foil, Nfmm > 1,0 1,8
Al tape thickness, mm > 01 0,15
overlaping, mm > 15 16,1

Eiectrical tests

electrical resistance of conductor, Qfinf < 0,0186 0,0184

No breakdown

< 10
< 5
0,30

Check of outer sheath marking

meets customer rgquiremppgs_ .

. meets customer requirements

Check of packing

meets customer requirements

meets customer requirements

Net weight

Quality System certiffod

In accordance with the requirements of;

]OEQS all tests were passea SUCCESS’UHY, cahle meels TV 3530

5864 kg

Gross weight
-003-42747015-2007, IEC G084D.

7264 kg

0T AR -KAUBCTBA
ap: 00 FCLpAifER 3BK
CHYLRE G2
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Ltd «Estralin HVC»

L111025° Mosco

wevsestralln.com

ESTRALIN™C

FACTORY ACCEPTANCE TEST REPORT

Quality System certifled -
In accordance with the requiremants of; i .

Notos: all tosls were passed successiu
~ =

Page 1 Marking ANeN2r 1x1600(crx)/110-84/110kB
(AZXS(FL)2Y 1X1600RMS/110-64/110 kV)
Serial number 1 60356 Order Ne 879
Factory length Ne 0333 Cable drum Ne ZTHTSQOO ]
Date 01.08.2016 Length 535 m
PARAMETER, UNITS OF MEASUREMENT REQUIREMENTS RESULTS
The outer end The innerend -
Conductor - .
conductor diametar, mm min 49,10 min 49,12 min 49,23
nom 49,60 avg 49,32 avg 49,43
max 50,10 max 49,52 max 49,62
Conductor screen
thickness, mm min 1,00 min 1,64 min 1,71
nom 1,50 avy 1,9 avg 1,86
max 2,50 max 2,18 max 2,21
max-min point difference, mm < 1,0 0,54 0,50
[nsulation
thickness, mm min 13,5 min 14,69 min 14,59
nom 150 avyg 15,21 avy 15,17
max 18,0 max 15,72 max 15,75
eccentricity (Tmax-Tmin}Tmax, % < 15 7 7
diameter over Insulation, mm min 83,2 min 83,59 min 83,43
nom 84,2 avy 83,87 avg 84,11
max 85,2 max 84,15 max 84,79
insulation screen
thickness, mm nmin 0,5 min 0,93 min 0,58
nom 1,1 avg 1,22 javwg 0983
max 1,7 | max 1,50 max 1,28
max-min point difference, mm s 1,0 0,57 0,70
diameter over Insufation screen, mm min 85,2 min 85,73 min 85,31
nom 86,4 avy 86,08 .| avg 86,16
. max 87,6 max 86,39 max 87,00
ratio § min/@ max z 0,95 0,99 0,98
GCopper screen
eross-section, mm* > 110 112,13 112,13
Outer sheath . 3
thickness, mm ,>/ min 33 min 4,98 min 4,79
QZ C—=>| nom 40 avg 5,22 avg 5,08
' max 5,45 max 5,32
diameter over outer sheath, mm min 102,37 min 101,27
max 102,62 max 101,66
ly, cable meets TY 3530-003-427470715-2007, TECG0340.

QD:

YU
e‘; b 2 N
Wn T




Ltd «Estralin HVC»

wowvs.estralin.com

ESTRALIN™

FACTORY ACCEPTANCE TEST REPORT

Page 2 Markin ANsN2r 1x1600{cex}/110-64/110xB
g (AZXS(FL)2Y 1X1600RMS/110-64/110 kV)
Serfal number 1 6 0 3 5 6 Order Na 879
Factory l[ength Ne 0333 Cable drum Ne 27.[’,T5900
DATE 01.08.2016 Length 538 m
PARAMETER, UNITS OF MEASUREMENT REQUIREMENTS RESULTS
of-set Test for insulation
elongation under load, % < 1758 68
permanent elongation, % < 15 0

Check for inclusions or contaminants
{metals, flhers, gas bubhles) in the
insulation

No Contaminant

No Contaminant

Longitudinal sealing (metal foil)

peel strength of overlapped foll, Nfmm > 1,0 1,3
adhasion strength of foil, Nfmm > 1,0 1,8
Al tape thickness, mm > 01 0,15
overiaping, mm > 15 18,1

Electrical tests

electrical resistance of conductor, QVkm < 0,0186 0,0184

Voltage Test

{160 kV, 30 min.)

Partial Discharge Test

neise fevel at voltage of 160 kV, pC

noise level at voltage of 96 KV, pC
cable capactty, HF/km

No breakdown

10
5
0,32

INIA A

No breakdown

< 10
< 5
0,30

Check of outer sheath marking

meets customer requirements

meets customer requirements

[Chack of packing

meets customer requirements

meets customer requirements

1

—~

Net weight

Jofes: ail tests were passed SL[CCESSTU“}', cable meets 1Y 3530

Quality System certified

In aceordance wilk the requirements of:

5864 kg

Gross weight
-003-42747015-2007, IEC 60840.

7264 kg

00041C




Ltd uEstralin HVC» -
i ESTRALIN"<
www.egstralin.com = —
FACTORY ACCEPTANCE TEST REPORT .
Page 1 Markin Als2r 1x1600(crx)/110-64/110B
9 {A2XS(FL)2Y. 1X1600RMS/110-64/110 kV)
Serial number 1 6 0 3 64 Order Na 879
Factory length Ne 0332 Cable drum Ne 27}11‘5899 ]
Dafe 03.08.2016 - |Length 535 m
PARAMETER, UNITS OF MEASUREMENT REQUIREMENTS RESULTS
The outer end The Inner end
Conductor
conductor dlameter, mm min 49,10 min 49,10 min 438,20
nom 49,60 avy 49,17 avg 49,33
max 50,10 max 49,24 max 49,45
Conductor screen
/ thickness, mm min 1,00 min 1,45 min 1,76
i nom 1,50 avy 1,94 avg 1,89
max 2,50 max 2,42 max 2,22
max-min point difference, mm < 1,0 0,97 0,46
Insulation
thickness, mm min 13,5 min 14,83 min 14,75
nom 15,0 avg 15,24 avg 15,19
max 18,0 max 15,65 max 15,62
eccentricity (Tmax-Tmin)/Tmax, % < 15 5 6
diameter over Insulation, mm min 83,2 min 83,74 min 83,51
nom 842 avy 84,16 avy 84,05
max 85,2 max 84,58 max 84,58
Insulation screen
thickness, mm min 0,5 min 0,94 min 0,93
oo Tonom 1,1 T lEvyg 1,14 T lavg - 1AT
nrax Y max —1;34 wax 529
max-min point difference, mm < 1,0 0,40 ' 0,36
diameter over Insulation screen, mm min 85,2 min 86,08 min 85,87
nom 86,4 avg 86,40 avg 86,36
00 max 876 max 86,72 max 86,84
ratio @ min/@ max 2 0,95 0,99 0,99
Copper screen
cross-section, mm® > 110 112,13 112,13
Outer sheath e =
thickness, mm” X min 3,3 min 4,24 min 3,63
L2 hom 40 avg 4,44 avg 4,35
max 4,64 max 5,06
diamater over outer sheath, mm min 100,25 min 100,55
max 101,43 max 101,18
Notes: all tesfs were passed successiully, cable meels Ty 3530-003-42747075-2007, [EC 60540,
Quality System certifled g
I agcordance with the reguirements ef:

000417




C T AT T e
Ltd «Estralin HVC»
wwanestralincam e
FACTORY ACCEPTANCE TEST REPORT
Page 2 Markin ATeM2r 1x1600(crx)i110-641110xB
9 (A2XS(FL)2Y 1X1600RMS/110-64/110 kV)
Serial number 1 6 0 3 64 Order Ne 879
0 ‘AN
Factory length Ne 0332 Cable drum Ne 27[T5899
DATE 03.08.2016 Length 535 m
PARAMETER, UNITS OF MEASUREMENT REQUIREMENTS RESULTS
Hot-set Test for Insuiation :
elongation under load, % < 175 68
permanent elongation, % < 15 0
Check for inclusions or contaminants
(mefals, fibers, gas bubbles) in the No Contaminant No Contaminant
insulation
. lLongitudina! sealing (metal foil)
k peel strength of overlapped foll, Nfmm 2 1,0 1,3
adhesion strength of foll, Nfmm z 10 1,8
Al tape thickness, mm > 0,1 0,15
overlaping, mm b 15 16,1
Electrical tests
electrical resistance of conductor, Q/km < 0,0186 0,0184
Voltage Test
(160 kV, 30 min) No breakdown No breakdown
Partial Discharge Test ,
noise level at voltage of 160 kV, pC < 10 < 10
nolsae level at voltage of 96 KV, pC < 5 . < 5
cakle capacity, uF/km < 0,32 0,30
Check of outer sheath marking o i
B T migéts customer reqiiréments | " meets custéimer réquirements
Check of packing
meets customer requirements meets customer requirements
¢ Net weight 5864 kd Gross weight 7264 kg
b Notes: all fests were passec successfufly, cabie meets 1Y 3530-003-42747015-2007, |EC 00540,
Quality System certifled OTH
In aceordance with the raquirements of: 0[}0 SBK
! T‘
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itd cEstralin HVC»
E111024; Mascow;

wwny.estrafln.com

FACTORY ACCEPTANCE TEST REPORT

Markin ANs2r 1x1600(crk)/110-64/110kB
J (A2XS(FL)2Y 1X1600RMS/110-64/110 kV)

Serfal number 160357  [oreerne o Cable drum Ne  25[15901

Factory length Ne

Page 1

Date 01.08.2016 Length 300 m
PARAMETER, UNITS OF MEASUREMENT REQUIREMENTS -RESULTS
The outer end The inner end
Conductor
conductor diameter, mm min 49,10 min 4910 min 49,15
nom 49,60 avg 49,17 avg 49,25
max 50,10 max 49,24 max 49,35
Conductor screen
thickness, mm min 1,00 min 1,70 min 1,88
( nom 1,50 avy 1,95 avy 2,00
max 2,50 max 2,20 -max 2,11
max-min polnt difference, mm [ 1,0 0,50 0,23
Insulation ’ . -
thickness, mm min 13,5 min 14,79 min 14,32
' nom 15,0 avg . 15,17 avg 15,06
max 18,0 max 15,54 max 15,80
eccentricity (Tmax-TminYTmax, % < 15 5 9
diameter over Insulation, mm min 83,2 min 83,61 min 83,40
nom 84,2 avg 84,08 avg 84,11
max 85,2 max 84,55 max 84,81

Insulation screen

thickness, mm min 0,5 min 0,986 mih 0,95

nom 1,1 Cjave 147 . |ave 1,28

max 1,7 max 1,37 . max 1,56

max-min point difference, mm < 1,0 0,41 0,61
diametar over Insulatlon screen, mm min 85,2 min 85,82 min 85,86

) nom 86,4 avg 86,28 avg 86,50

/ max 87,6 ) max 86,74 max B7,13
s ratio @ min/@ max = 0,95 0,99 0,99

Copper screan

cross-section, mm® > 10 112,13 112,13
Outer sheath
thickness, mm" /;/ - min 3,3 min 3,95 min 4,05
Coem™ nom 4,0 avg 4,31 avg 4,38
. max 4,66 max 4,71
diameter over outer sheath, mm min 101,85 min 100,93
max 102,30 max 101,65

Nofes: all iesfs were passed successil
Quality System certified _ i

In accordance with the requirements of:

ly, cable meets TY 3530.003-4274/010-2007, |

hY




itd «Estralin HVC»

wavw.estralin.com

FACTORY ACCEPTANCE TEST REPORT

ESTRALIN™

Page 2 Markin AMBeM2r 1x1600(crxk)110-64/410B
g (A2XS(FL)2Y 1X1600RMS/110-64/110 kV)
Serial number 1 6 0 3 5 7 Order Ne 879
) FFactory length Ne 0334 Cable drum Ne 25D‘5901
DATE 01.08.2016 Length 300 m
PARAMETER, UNITS OF MEASUREMENT REQUIREMENTS RESULTS
Hot-set Test for Insulation
elongation under load, % < 175 68
permanent slongation, % < 15 0

Check for inclusions or contaminants
{metals, fibers, gas bubbles) in the

. i No Contaminant
insulation

No Contaminant

Longitudinal sealing {metal foil}

(" peal strength of overlapped foil, NNmm 2 1,0 1,3
adhesion strength of foil, Nimm > 1,0 1,8
Al tape thickness, mm = 04 0,15
overlaping, mm > 15 16,1
Electrical tests
electrical resistance of conductor, Q/kn < 0,0186 0,0184
2{1%[;33\21-;; tmin.) No breakdown No breakdown
Partial Discharge Test
nolise level at voltage of 160 kV, pC < 10 < 10.
noise level at voltage of 96 kV, pC < 5 < 5
" cable capacity, pF/lkm < 0,32 0,30

Check of outer sheath marking

meets customer requirements |

meets customer requirements

—|Checkof packing :
tp e meets customer requirements

meeis customer requirements

Netweight 3288 kg

Gross weight

4588 kg

o~

Quality System certified % g
In accordance with the cequirements of: :

"Totes: all (o515 were passed successiully, cable meets 1Y 3530-003-42747015-2007, TEC 60840,

Qb:

000429




3a yvyacTue B OTKpWTa npouenypa 3a BbanaraHe Ha obujecTeeHa nopbUKa ¢ npeameT.

MoamaHa Ha MmacroHambnHeHa kabenHa eneKTponposodHa NUHUA 110 kV ,,3eHut” ot
nuHeeH HowoB pasepuHuten 110 kV na TIC ,Xamkv OuMuTbp” 00 NUHEEeH HOXOB

paseguuuten 110 kV B I1C ,,MoaysHe”, ped. Ne PPC 17 — 169

TexHU4YeckKo npegrnoxeHue

P

TexHnYyecKka AOKYMEHTaLMA

MNounoxenne N2 3 kbm [MpefnoxeHne 3a U3nbriHEHWE Ha nope4kara no T.15.3.
oT TexHWUecKoTo NpegnoxeHne — 3aBepeHu Konua Ha AOKYMEHTU 3a Cyx curos
kaben 110 kV - Al 1600 mmz2:
o [lpunoxeHune No 3.2. KbM T.15.3.2. oT TexHW4ecKOoTO MnpefnoXxeHwe -—
3aBepeHo konue Ha Ceprudukart/akpeantauna Ha Hesasucumara
uanuTBaTenHa nabopatopus, Nposena TUNoOBNUTE N3NUTBaHUA.

000421




HARD VOOR ACCREDITATIE

Dutch Accreditation Councll RvA
PO Box 2768 NL-3500 GT Utrecht

The Duich Accreditation Council RvA, by law appointed as
the national accreditation body for The Netherlands,
hereby declares that accreditation has been granted to:

KEMA Nederland B.V.
Inspection Services
‘Arnhem

The organisation has demonstrated to be able to perform inspections, as type A

inspection body, in a competent, consistent and independent way.

This accreditation is based on an assessment against the requirements
as laid down in ISO/IEC 17020:1998

The accreditation covers the, activities as specified in the authorized
annex bearing the registration number.

The accreditation is valid provided that the organisation
continues to meet the requirements.

The accreditation with registration number:

1049

( is granted on 26 March 2014

This declaration is valid until

1 April 2018

The accreditation has been granted for the first time on

17 November 1994

The Chief Exacutive

i

lr. J.C. van der Poel

The )aq:h Accreditation Council (RvA} is a signatory of the European co-operation for A cr |tat|on (EA}
Multilateral Agreement for accreditation jn Lthls f:eld..




Annex to ISO/IEC 17020:1998 declaration of
accreditation for registration number: | 049, type A

of KEMA Nederland B.V.
Inspection Services

Arnhem
This annex is valid from: 26-03-2014 to 01-04-2018 Replaces annex dated: 26-10-2012
No. Field of inspection Type and Range of Inspection Methods and
Procedures’
Rotating electrical machines, Transformers, Capacitors, Reactors
; 1 | Rotaling electrical - examine manufacturers quallty reglstrallons IEC 60034
€ nmachines
- — ———1 - monitor factory inspections = =
2 | Power transformers IEC 60076 —~
- evaluate the results obtained by these 1,2,3,4,5,7,8,10,11,13, 15
examinations |

NEMA 107
GISFR 16
EN 60076-11

3 | Current transformers IEC 60044 — 1,3,6,8

4 | Voliage transformers JEC 60044 — 2,3,7

5 | Capacitors |[EC 60358
tEC 60831-1/-2
IEC 60871 1/ 2

6 |Reactors IEC 60076-

This annex has been approved-hY

{/@?

il ggcf\\’\
gf.

Ir. J.C. van
Chief

T

000423 | o

|

y/ Bateh Accredltation Council RvA




Annex to ISO/IEC 17020:1998 declaration of
accreditation for registration number: | 049, type A

KEMA Nederland B.V.
Inspection Services
Arnhem

of

This annex is valid from; 26-03-2014 to 01-04-2018

RAAD VOOR ACCREDITATIE

Replaces annex dated: 26-10-2012

No. | .Fieldofifispection

Type and Range of Inspéction

Methods and
Procedures’

Switchgear

7 | Metal-enclosed AC
switchgear
1-52 kV resp. = 52 kV

8 |Insulation-enclosed AC
switchgear

9 |Gas insulated meotal-

- examine manufacturers' quality registrations

- monitor faclory inspections

- evaluate the results obtained by thase
examinations

IEC 62271-200
IEC 622711
IEC 60265 -1
IEC 62271-104
IEC 62271-105

IEC 62271-201

IEC 62271-203

enclosed AC switchgear iEC 62271-1
(GIS)
10 | High Voltage AC clreuit IEC 62271-100
breakers
11 | High-voitage AC [EC 62271-102
disconnectors and earthing
| switches
Insulators, Arresters
12 |insulators and insulated - examine manufacturers' quality registrations |1EC 60137
bushings IEC 60168
- monitor factory inspections IEC 83-1,2
IEC 60
- evaluate the resulls obtained by these {EC 60660
examinations IEC 61109
IEC 60815
ANSI C29

Surge arresters

CAN/CSA C411.1-M89

IEC 60099 —1,3,4,5,6,7
|EEE Std C62.11

Z/} ./k// & </q»
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Annex to ISONEC 17020:1998 declaration of
accreditation for registration number: | 049, type A

of KEMA Nederland B.V.
Inspection Services
Arnhem

This annex is valid from: 26-03-2014 to 01-04-2018

Replaces annex dated: 26-10-2012

No. | ‘Field of inspection Type and Range of Inspaction

Methods and
Procedures’

Cables

14 | Cables - examine manufacturers' qualily registrations
- menitor factory inspections

- evaluate the results obtained by these
examinations

15 | Cable accessories

IEC 60055 -1,2
IEC 60141-1
IEC 60502 -1,2,4
IEC 80840

NEN 3620

NEN 3172

BS 6622

HD 620 52

NEN 3616

NEN 3619

MEN 3630

|IEC 62067

CSA C49

NF C34-125

IEC 61089

IEC 60055 —1,2
IEC 60502 ~1,2,4
VDE 278

IEEE Std 404
JEEE Std 48

IEC 62271-209

Electrical Energy Meters

16 | Elactricity metering European directive 2004/22/EC:

equipment (a.c.)
- Annex B: EC type examination

Annex F: Product verification

C/é o Taking into account the requirements of EA-

2M7

Directive 2004/22/EC:

Annex |, B, F, MI-003

i {\‘Hﬂ.ﬂ
! / ?utch Accreditation Council RvA
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1AAD VOOR ACCREDTTATIE

Dutch Accreditation Council RvA
PO Box 2768 NL-3500 GT Utrecht

The Dutch Accreditation Council RvA, by law appointed as
the national accreditation body for The Netherlands,
hereby declares that accreditation has been granted to:

KEMA Nederland B.V.
High-Power Laboratory
Arnhem

The organisation has demonstrated to be able to generate technical valid results in a
competent way and work according to a-management system.

This accreditation is based on an assessment against the requirements
as laid down in ISO/IEC 17025:2005.

The accreditation covers the aclivities as specified in the authorized
annex bearing the registration number.

The accreditation is valid provided that the organisation

continues to meet the requirements.

The accreditation with registration number:

L. 020

is granted on 26 March 2014

This declaration is valid unti

e 1 April 2018

The accreditation has been granted for the first time on

30 October 1990

“The Dutch Accreditation Councit {RvA) is a signatory of the European co-operation for Accreg]
Multilatoral Agreement for accraﬁilation in this field."*‘“"""'?
7 ‘
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Annex to ISOAEC 17025:2005 declaration of accreditation
- for registration number: L 020

of

KEMA Nederland B.V.

High-Power Laboratory

Arnhem

This annex is valid from: 26-03-2014 to 01-04-2018

RAAD VODR ACCREDITATIE

Replaces annex dated: 26-10-2012

No. Material or product

Type of activity

Internal reference

number

Transformers, Reactors, Line traps

1 Power fransformers

Short-circuit tests

IEC 60076-5
EC 60076-11
STL Guide to IEC 60076
EN 60076-5

EN 50464-1
NEN-EN 505841-1
IEEE Std C57.12.80

2 Current transformers

Short-time current tests
Transient Instantaneous error measurement

IEC 60044-1

IEC 60044 -6

STL Guide to IEC 600441
STL Guide to IEC 60044-6
{EEE Std C57.13

Short-time current tests

IEC 60076-6

3 Reactors
IEEE Std c57.21
4 Line traps for A.C. power | Short-time current tests IEC 80353

systems

Switchgear

5 Metal-enclosed A.C,
switchgear 1 - 52 kV resp.
> 1 kV and prefabricated
substations

Short-time current tests

Verification of making and breaking capacities
Mechanical operation tests

Arcing due to internal fault

[EC 62271-200

IEC 62271-202

STL Guide to IEC 62271-200
IEEE Sid C37,20.2

IEEE C37.21

Q
)

C37.54
37.55

6 Metal-enclosed A.C.
. switchgear = 72,6 kV resp.
=52 kV

| Verification of making and breaking capacities
I Mechanical operation tests

Short-time current tests

Arcing due to internal fault

5 A

Ha ocHoBaHwue un. 2 ot 33J14

" This an@ie;s__as been approved by

R
. 1 Ir. J.C. van der P#@}, 41 &3
‘./ Chief Exe é@ .
7 n?ﬁlé@ s M O o™
Dutch Accreditation Colndil RvA UVoussd i




Annex to ISQ/IEC 17025:2005 declaration of accreditation

for registration number: L 020

of KEMA Nederland B.V.

High-Power Laboratory

Arnhem

This annex is valid from: 26-03-2014 to 01-04-2018

Replaces annex dated; 26-10-2012

No. Material or product Type of activity Internal reference
number
7 Low-voltage A.C. Short-time current tests IEC 61439-1
switchgear and conlrol [EC 61439-2
gear assemblies [EC 60439-2
EN 61439-1
EN 61439-2
EN 60439-2
ANSI ©37.20.2

3 lnsuiation-enclosed AC.
switchgear 1 - 52 kV

Short-time current tests

Verification of making and breaking capacities
Mechanical operation test

Arcing due to internal faull

IEC 62274-201

9 High-valtage AC circuit
breakers

Short-time current tests

Making and breaking tests
Switching tests

Mechanical and environmenta! tests

NEN-EN-IEC §2271-100

IEC 62271-110

IEC 62271-101

STL Guide to |IEC 62271-100
STL Guide to IEC 62271-101
ANSIVIEEE C37.09
ANSIIEEE C37.081

IEEE Std C37.013

NEN-EN 50152-1

10 High-voltage A.C. switches

Short-time current tests

Making and breaking tests
Mechanical endurance fests
Operation under severe ice conditions

NEN-EN-IEC 62271-103
IEC 62271-104

STL Guide to [EC 60265-1
IEEE Std C37.74

11 High-voltage A.C.
disconnectors and earthing
switches

/

,/")

~F

Short-time current tests

Switching tests

Short-circuit making performance
Operating and mechanical endurance lests
Operation under severe ice conditions
Operation at the temperature limits
Contact zone tests

[EQ62271-102
FO\GYde to IEC 62271-102

IEEE St.C37.41

12 High-voltage A.C.
contactors and motor
starters

Making and breaking capacities

Coordination with short-circuit protective device

NEN-EN-M

13 Automatic circuit reclosers
and fault interrupters

Interruption tests
Operating duty tests

IEC 62271-111 / IEEE Std

Dutch Acc-:redllation Councll RvA

000128
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Annex to ISO/IEC 17025:2005 declaration of accreditation  fAA]] VOOR ACCREBITATIE (_.

for registration number: L 020

of KEMA Nederland B.V.
High-Power Laboratory

Arnhem
This annex is valid from: 26-03-2014 to 01-04-2018 Replaces annex dated: 26-10-2012
No. Matetial or product Type of activity Internal reference
number
Arrestors
14 Siurrgérarrestel;s. o " Pressure-’r‘elriéf- iééts- o 7 1EC 60098-1
IEC 600994

IEEE Std Cg2.11

Fuses
16 | High-voltage A.C. switch- | Making and breaking tests IEC 62271-105
fuse combinations Tests on the mechanism IEEE Std C37.41

IEEE Std C37.74

NEN-EN-IEC 60282-1
IEC 60282-2
|EC 60549
NEN-EN-IEC 60844
A STL Guide to IEC 60282-1
N STL Guide to IEC 60282-2
N IEEE Std C37.41
ANS| C37.44

16 High-voltagre A.C. fuses .Breakin;g tests

Cables/Networks

17 | Equipment for networks for | Test as mentioned above (1-16) In accordanee with or equivalent
transmission and to the referénce methods as
distribution of electrical mentioned above {1-16),
power

4

Dutch Awedféu‘on Councll RvA 0 0 0 4 99 ™~ Page 303 |
.




RAAD VOOR ACCREDITATIE

Dutch Accreditation Councll RvA
PO Box 2768 NL-3500 GT Utrecht

The Dutch Accreditation Council RvA, by law appointed as
the national accreditation body for The Netherlands,
hereby declares that accreditation has been granted to:

KEMA Nederland BV
High-Voltage Laboratory
Arnhem

The organisation has demonstrated to be able to generate technical valid results in a
competent way and work according 0 a management system.

This accreditation is based on an assessment against the requirements )
as laid down in [SO/IEC 17025:2005. |

The accreditation covers the.activities as specified in the authorized
annex bearing the registration number.

The accreditation is valid provided that the organisation

continues to meet the requirements.

The accreditation with registration number:

L 218
is granted on 26 March 2014

This declaration is valid until

1 April 2018 N

The accreditation has been granted for the first time on

17 November 1994

The Chief ancutdi

Ha ocHoBaHue un. 2 ot 33J1[

“Ir. J.C. van der Poel

Multilateral Agreament for accreditation in this feld e~

_:/””“ 000438
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Annex to ISO/IEC 17025:2005 declaration of
accreditation for registration number: L 218

of KEMA Nederland B.V.

High-Voltage Laboratory

Arnhem

This annex is valid from: 26-03-2014 to 01-04-2018

RAAD VOON MCREDITATIE R

Replaces annex dated: 26-10-2011

‘No. Material or product Type of activity Internal reference
number
1 | Coils andfor windings of AC voltage test IEC 60034

rotating electrical machines

Lightning impulse voltage test

2 Power transformers

AC voltage test
Lightning impulse voltage test
Temperature-rise test

Capacitancs and tan 8 measurement
Power measurement

DC resistance measurement

Temperafure measurement

Sound level measurement

R.L.V. measurement

Partial discharge measurement

SFRA measurement

Verification of voltage ratio and phase
displacement

Low ambient test on dry-type transformer
Thermal shock test on dry type transformer
Condensation test on dry-type transformer
Humldity penelration test on dry-type
transformer

Inspection of the aclive part

IEC 60076-1, -2, -3, 10, -11,
-13, -15, -16, -18

CISPR 16

STL Guide to IEC 60076
NEN-EN 50464-1

NEN-EN 50541-1

IEEE Std. C57.12.00

IEEE Std. C57.12.90

{EEE Std. C57.12.91

3 AC Metal-enclosed
switchgear and controlgear
above {1 kV and = 52 kV and
prefabricated substations

AC voltage test

Lightning impulse voliage test
Partial discharge measurement
Temperature-rise test
Temperature measurement

[EC 62271-200
STL Guide to IEC 62271-200
|EC 62271-202
STL GuNe to IEC 62271-202

DC resistance measurement {EEE C37.2
. P Verification of degree of protection ANSI C37.54
A - 2 R.L.V. measurement ANSI C37.55
( ZC T IEC 60529
\\\m_

Ha ocHoBaHwue 4n. 2 ot 33J1[

1as been amﬁﬁw

Ir. J.C. van der-Poek. |
- Chg/ @ﬁm

T " T
i o e it e

/A /

dteh 'Ac'cr?i;atioh@p_gn’c’ﬁ RvA
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Annex to ISONEC 17025:2005 declaration of
accreditation for registration number: L. 218

of KEMA Nederland B.V.

High-Voltage Laboratory

Arnhem

This annex is valid from: 26-03-2014 to 01-04-2018

R
AL VO O RN

=3

Replaces annex dated: 26-10-2011

Type of activity

No. Material or product Internal reference
number
4 | AC Insulation-enclosed AC voltage test IEC 62271-201

switchgear and confrolgear
above 1kV and £ 52 kV

Lightning impulse voltage test
Partial discharge measurement
Temperature-rise test
Temperature measurement

DC resistance measurement
Verlfication of degree of protection
R.LV. measurement

IEC 60529

5 Gas-insulated metal-enclosed
switchgear for rated voltages
above 52 kV

AC voltage test
Lightning impulse voltage test
Switching impulse voltage test
Partial discharge measurement
Temperature-rise test
Temperature measurement
DC resistance measurement
R.LV. measurement

IEC 62271-203
STL Guide to IEC 60517
|EEE Sid C37.122

6 High-voltage AC clrcuit
breakers

AC voltage test
Lightning impulse voitage test
Switching impulse voltage test
Parlial discharge measurement
Temperature-rise tost
Temperature measurement
DC resistance measurement
R.1.V. measurement

Test under wet conditions

NEN-EN-IEC 62271-100
STL Guide to IEC 62271-100
|EEE Sid C37.09

tEEE Std C37.013

NEN-EN 50152-1

7 High-voltage AC
disconnectors and
earthing switches

=

AC voltage test
Lightning impulse voltage test

| Switching impuise voltage test

Temperature-rise test
Partial discharge measurement
DC resistance measurement

{R.LV. measurement
1Test under wet conditions

Temperature measurement

IEC 62271-102

STL Guide to 1IEC 62271-102
IEEE Std C37.34

iEEE 5td C37.41

8  |High-voltage AC switches

AC voltage test
Lightning impulse voltage test

| Partial discharge measurement
| Temperature-rise test

Temperature measureament
DC resistance measurement

Verification of degree of protection\ \

A

D tf:h Acaedilalton Councll RvA




Annex to [SO/IEC 17025:2005 declaration of
accreditation for registration number: L 218

of KEMA Nederland B.V.

High-Voltage Laboratory

Arnhem

This annex is valid from: 26-03-2014 to 01-04-2018

Replaces annex dated: 26-10-2011

No. Material or product

Type of activity

Internal reference
number

g High-voltage AC contactors

AC voltage test

| Lightning impulse voltage test

Partial discharge measuremant
Temperalure-rise test
Temperature measurement

DC resistance measurement
Verification of degree of protection

NEN-EN-IEC 62271-106

10 Automatic circuit reclosers
and fault interrupters

il AC voltage test
;| Lightring impulse voltage test
| Partial discharge measurement
.| Temperature-rise test
| Temperature measurement
| DC resistance measurement
| Verlification of degree of protection

IEC 62271-111/
IEEE Std C37.60

11 Busducts

[ AC voltage test
Lightning impulse voltage test
t Parlial discharge measurement
| Temperature-rise test
| Temperature measurement

DC resistance measurement

' Verification of degree of protection

[EEE Std C37.23

combinations and
high-voltage AC fuses

12 High-voltage AC switch-fuse

{AC voltage test

| Lightning impulse voltage test

| Partial discharge measurement
Temperature-rise test

‘| Temperature measurement

DC resistance measurement

Verlficatlon of degree of protection

IEC 62271-105
IEEE Std C37.41
IEEE Sid C37.74
NEN-EN-IEC 60282-1

IEC 60282-2

STL Guide to IEC 60282-1
STL Guide to IEC 60282-2

Page 3of 7



Annex to ISO/IEC 17025:2005 declaration of
accreditation for registration number: L 218

of KEMA Nederiand B.V.
High-Voltage Laboratory

Arnhem

This annex is valid from: 26-03-2014 to 01-04-2018

Replaces annex dated: 26-10-2011

No. Material or product Type of activity Internal reference
number
13 |Insulators and AGC voltage test 7 IEC 60137

insutated bushings

Lightning impulse voltage test
Pariial discharge measurement
Test under wet conditions

1 Thermal-mechanical performance test

Eleciro-mechanical failing load test
R.LV. measurement

Pollution tests

Temperature measurement

.| Visible corona test

Steep front wave flashover test
Porosity test

| Visual and dimensional test
‘| Galvanizing fest

Thermal shock test

‘I Thermal cycle test

Water absorption test
Impact test

| Test of housing: tracking and erosion tests

IEEE Std C57.19.00
IEEE Std C57.19.01
IEC 60168

IEC 60383

IEC 60507

IEC 60860

[EC 61109

IEC 62217

ANSI C29.1, -2, -6, -7, -12,
-13

CAN/CSA C411.1

IEC 60055

14 | Cables | AC voltage test
‘ | DC voltage tast [EC 60141
Lightning impulse test {EC 60502
| Heat cycle voltage test JEC 60840
| Capacitance and tan & measurement IEC 620867
Partial discharge measurement NEN-HD 620
Insulation resistance measurement NEN-HD 632
DC resistance measurement NEN 3619
Temperature measurement BS 6622
Condition test of XLPE cable BS 7835
Water penetration test BS 7870
Bending test BS 7912
BS 7970
_ s N
15 Cable accessorias AC voltage test IEC 60502-
DC voltage fest |IEC 60055
Lightning impulse voltage test [EC 60840
Heat cycle voltage test IEC 62067 N
Temperature measurement HD 629-1
Partial discharge measurement HD 628-2
‘Insulation resistance measurgment NEN-HD 632
Test under wet conditions IEEE Std 48
Pollution tesis

Al

R.LV. measurement
Water penetration test
Impact test

IEEE Std 404

J4 i

Accreditation Counoll RvA

0004314




Annex to ISQNEC 17025:2005 declaration of
accreditation for registration number: L 218

of

This annex is valid from: 26-03-2014 to 01-04-2018

KEMA Nederiand B.V.
High-Voltage Laboratory

Arnhem

AAD VOOR ACCRE

Replaces annex dated: 26-10-2011

Type of activity

No. Material or product internal reference
number
16 [ Current fransformers AC voltage test NEN-EN-IEC 60044-1
Lightning impulse voitage test NEN-EN-IEC 60044-6
Switching impulse voltage test IEC 60044-8
Temperature-rise lost
Capacitance and tan $ measurement
Partlal discharge measurement
Accuracy test
Test under wet condilions
Temperature measurement
Inspection of active part
17 |Voltage transformers AC voltage test IEC 61869-1
' Lighining impulse voltage test IEC 61869-3
Switching impulse voltage test IEC 61869-5
Temperature-rise test IEC 60044-7
Capacitance and tan § measurement
Partial discharge measuremeni
Tomperalure measurement
‘| Accuracy test
Test under wet conditions
Leakage test
Inspection of aclive part
18 | Capacitors AC voltage test IEC 60358
Lightning impulse voltage test {EC 60831
Capacitance and tan § measurement {EC 60871

Temperature measuremsnt
Test under wet conditions
Thermal stability test
Short-circuit discharge test
Endurance lest

Sealing test

Self-healing test
Destruction test

Ageing test
19 'Su‘rg_;e‘arrésters AC voltage test IEC 6009 .
Lighining impulse voltage test IEEE Std C82

Switching impulse voltage test
Current impulse test

Poilution tests

Partial discharge measurenmgnt
Temperature measurement
Ageing test

R.1.V. measurement

Dutch Accreditation Council RvA

T
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KEMA Nederland B.V.
High-Voltage Laboratory

Annex to ISO/IEC 17025:2005 declaration of
accreditation for registration number: L 218

This annex is valid from: 26-03-2014 to 01-04-2018

&
L

O ORAETBINTE R _*

Replaces annex dated: 26-10-2011

Material or product

Type of activity

Internal reference

number
AC voltage test IEC 60076-6

Lightning impulse voltage test
Switching impulse voltage test
Temperature-rise {est
Impedance measurement

AC resistance measurement
Power measurement

DC resistance measurement
Temperature measurement

Acoustic sound level measurement
| Verification of voltage ratio and phase

| displacement chack

IEEE Std C57.21

Compreassion and mechanical

Temperature-rise test
Temperature measurement
DC resistance measurement
| Mechanical tests

IEC 61238-1

Protection relays & substation '
automation equipment '

Functional requirements

IEC 60255-1
IEC 60255-8
IEC 6025512
IEC 8025656-13
{EC 60255-16
IEC 60255-127
IEC 60255-151
IEEE C37.112

Product safety requirements

IEC 60255-1
IEC 60255-27

EMC requirements

IEC 60265-1
IEC 60255-26
IEC 60255
IEC 60255-11
IEC 61000-4-2
[EC 61000-4-3
IEC 61000-4-4
IEC 61000-4-5
IEC 61000-4-6
IEC 61000-4-8
{EC 61000-4-9
IEC 61000-4-10
IEC 61000-4-11
IEC 61000-4-16 {only 50 Hz)
IEC 61000-4-17

IEC 61000-4-18

IEC 61000-4-29
|EEE C37.90 <
IEEE C37:60.L.
I[EEE €37.90.2
{EEE C37.90.3

series

Dutch Accreditation Council Rvﬁ\l
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Annex to ISO/IEC 17025:2005 declaration of
accreditation for registration number: L. 218

of KEMA Nederland B.V.
High-Voltage Laboratory
Arnhem

This annex is valid from: 26-03-2014 to 01-04-2018

IAAD VOOR ACCREDITAT

Replaces annex dated: 26-10-2011

Type of activity

No. Material or product Internal reference
number
Protec’:ti&n reléys & substation R 7 T
automation equipment Energizing quantities IEC 60255-1 -
Climatic environmental tests |IEC 60255-1

IEC 60068-2-2 tests Bd, Bb
{EC 60068-2-1 tests Ad, Ab
{EC 60068-2-14 test Nb
IEC 60068-2-78 test Cab

|IEC 60068-2:30 tst Db

Mechanical environmental tests

|EC 80255-1
|EC 60255-21 series_ . _ __

23 - | Electrical Energy Meters

Tests of

«  insulation properties,

accuracy requirements,

- disturbances of long duration,

-« electrical requirements,

- slectromagnetic compatibility,

- the effect of ¢limatic environments,
- machanical requirgments. _

[EC 62052-11 and
IEC 62053-11/21/22/23
EN 50470-1/2/3

- Directive 2004/22/EC,
annex |, B, F and M1-003

” Eléh_"lark

n accordance with™ is applicable for all standards.

W)/

i,/ . /

Dutch Accreditation Council RvA

000437
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Annex to declaration of accreditation (scope of accreditation)
Normative document: EN ISO/IEC 17025:2005
Registration number: L 020

of DNV GL Netheriands B.V.
High Power Laboratory

This annex is valid from: 20-03-2017 to 01-04-2018
Prolonged until 01-07-2018

Replaces annex dated: 03-10-2016

Location(s) where activities are performed under accreditation

Head Office
Utrechtseweg 310
6812 AR
Arnhem
The Netherlands
Location Abbreviation/ location code
Utrechtseweg 310 ARN
6812 AR Arnhem
The Netherlands
No. | Material or product Type of activity’ Internal reference number | L.ocation
] Power Transformers Short-circuit tests IEC 60076-5 ARN
IEC 60076-11
EN 504641
IEEE Std C57.12.90
IEEE Std. C57.12.00
2 Current Transformers | Short-time current tests IEC 61869-2 ARN
Transient instantaneous error 1EEE Std C57.13
measurement IEC 618691
3 Reactors Short-time current tests |IEC 60076-6 ARN
IEEE Std C57.21
4 Line traps for A.C. Short-time current tests IEC 603563 ARN
power systems

A

1 there is a refemal lo 2 code starting with NAW, NAP, EA of |AF, this constitules a scheme for which RvA-BRO10 applies. %t% vession

f editation can be granted by the RvA.

This annex has been approved by t}M of the
Dutch Accreditation Coungcil, on its behalf,

M. da Haas
ations

JAW.
“e=Director of

i

I /Dulch Accreditation Council RvA”

/////

Ha ocHoBaHwue 4n. 2 ot 33J1[
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Annex to declaration of accreditation (scope of accreditation)
Normative document: EN ISO/IEC 17025:2005

Registration number: L 020

of DNV GL Netheriands B.V.
High Power Laboratory

This annex is valid from; 20-03-2017 to 01-04-2018 Replaces annex dated: 03-10-2016
Prolonged until 01-07-2018
No. | Material or product Type of activity" Internal reference number | Location
5 Metal-enclosed A.C. Short-time current tests IEC 62271-200 ARN
switchgear 1 - 52 kV Verification of making and breaking | IEC 62271-202
resp > 1 kV and capacities IEEE C37.74
prefabricated Mechanical operation tests |IEEE Std C37.20.2
substations Arcing due to internal fault |IEEE Std C37.20.7
ANS| C37.54
ANS! C37.55
6 Metal-enclosed A.C. Short-time current tests IEC 62271-203 ARN
switchgear >52kV Verification of making and breaking | IEEE Std C37.122
capacities

Mechanical operation tests
Arcing due to internal fault

7 Low-voltage A.C. Short-time current tests IEC 61439-1 ARN
switchgear and control IEC 61439-2
gear assemblies
8 Insulation-enclosed A,C | Short time current tests IEC 62271-201 ARN
switchgear 1-62kV Verification of making and breaking
capacities

Mechanical operation test
Arcing due to internal fault

9 High-voltage AC circuit | Short-time current tests I[EC 62271-100 ARN
breakers Making and breaking tests I[EC 62271-110
» . Switching tests [EC 82271-101
/* Mechanical and environmental tests | [EEE Std C37.09
7 L |EEE Std C37.09a
Sl [EEE Std C37.09b
|EEE Std C37.081
10 High-voltage generator | Short circuit test IEEE Std C37.013 ARN
Circuit breaker IEEE Std C37.013a !
11 | AC circuit breakers for | Making and Breaking test EN 50152-1 AM
Railway applications IEC 60077-4
12 High-voltage A.C. Short-time current tests Making and |IEC 62271-103 ARN
switches for rated breaking tests

Voltages above 1 KV up | Mechanical endurance tests
to and including 52 kV

13 Alternating current Short-time current tests IEC 62271-104 \ A@:‘
switches for rated Making and breaking tests {ERE Std 1247 e
voltages of 52 kv and | Mechanical endurance iests

2 ahove
6!/\ 'E
%’h éécredltatlon Councn[/El/
T
A 000439
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Annex to declaration of accreditation (scope of accreditation)
Normative document: EN ISO/IEC 17025:2005
Registration number: L 020

of DNV GL Netherlands B.V.
High Power Laboratory

This annex is valid from: 20-03-2017 fo 01-04-2018 Replaces annex dated: 03-10-2016

Prolonged unti! 01-07-2018

No. | Material or product Type of activity! Internal reference number | Location
14 High-voltage A.C. Short-time current tests IEC 62271-102 ARN
disconnectors and Switching tests |IEEE Std C37.34
earthing switches Short-circuit making performance
Operating and mechanical
endurance tests
Cperation under severe ice
conditions
Operation at the temperature limits
Contact zone tesls
15 Alternating current Making and breaking capacities IEC 62271-106 ARN
contactors and motor Coordination with short-circuit
starters protective device
16 Automatic circuit Interruption tests IEC 62271-111/ |EEE Std ARN
reclosers and fault Operating duty tests C37.60
interrupters
' 17’ - Surge arresters Pressure-relief tests IEC 60099-1 ARN
: IEC 60099-4
|IEEE Std C62.11
18 High-voltage A.C. Making and breaking tests Tests on | IEC 62271-105 ARN
switchfuse the mechanism IEEE Std C37.41
combinations for rated
Voltages above 1 kV
Up to and including 52
kv :
19 Current limifing fuses Breaking tests 1EC 60282-1 ARN
1 D IEC 60549
| LT |EEE Std C37.41.
( ANS| C37.44 K
-
20 Expulsion fuses Breaking tests |EC 60282-2 ARN
21 High Voltage fuse-links | Breaking tests 1EC 60644 ARN
for rr_10t9r circuit P
applications
22 Equipment for networks | Test as mentioned above (1-21) In accordance with or equivalent |ARN
for transmission and to the reference methods as
distribution of electrical \] mentioned above (1-21).
power ' S
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Annex to declaration of accreditation (scope of accreditation)
Normative document: EN ISO/IEC 17025:2005
Registration number: L 218

of DNV GL Netherlands B.V.
High-Voitage Laboratory

This annex is valid from: 20-03-2017 to 01-04-2018 Replaces annex dated: 03-10-2016
Prolonged until 01-07-2018

Location(s) where activities are performed under accreditation

Head Office
Utrechtseweg 310, Building no. R11
6812 AR
Arnhem
The Netherlands
Location Abbreviation/ location code
Utrechtseweg 310, Building no. R11 ARN
6812 AR Arnhem
The Netherlands
No. [ WMaterial or Type of activity' Internal reference number | Location
product

1 Coils andfor AC voltage test [EC 60034 ARN

windings of Lightning impulse voltage test

rotating electrical

machines

This annex has been approved by t@ard of the
Dutch Accreditation Council, onits'behalf,

S 1 AWM daHEas
\ Ha ocHoBaHwue 4n. 2 ot 33/11

Uifthere i referedl tha code starting with NAW, NAP, EA of IAF, this constilutes a scheme for which RvA-BRG10 applies. The
accr on cdn e gipnted by the ReA

A
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Annex to declaration of accreditation (scope of accreditation)
Normative document: EN ISQ/IEC 17025:2005
Registration number: L 218

of

DNV GL Netherlands B.V.
High-Voltage Laboratory

This annex is valid from:; 20-03-2017 to 01-04-2018
Prolonged until 01-07-2018

Replaces annex dated: 03-10-2016

No. Material or Type of activity' Internal reference number | Location
product
2 Power AC voltage test IEC 680076-1, -2, -3, ~10, -11, -13, | ARN
transformers Lightning impulse voltage test -15, -16, -18
Temperature-rise test CISPR 18.2
Capacitance and tan 8§ measurement EN 50464-1
Power measurement EN 50541-1
DC resistance measurement IEEE Std. C57.12.00
Temperature measurement IEEE Std. C57.12.90
Sound level measurement |EEE Std. C57.12.91
R.LV. measurement
Partial discharge measurement
SFRA measurement
Verification of voltage ratio and phase
displacement
=~ Low ambient test on dry-type transformer
o } - Thermal shock test on dry type
1 & transformer
8 e 0 Condensation test on dry-type
transformer
Humidity penetration test on dry-type
transformer
Inspection of the active part
3 AC Metal-enclosed | AC voitage test IEC 62271-200 ARN
switchgear and Lightning impulse voltage test [EC 62271-202
controlgear above | Partial discharge measurement [EEE C37.20.2
1kVand£52kV | Temperature-rise test IEEE C37.21
and prefabricated | Temperature measurement ANSI C37.54
substations DC resistance measurement ANSI C37.55
Verification of degree of protection IEC 60529
R.LV. measurement
4 AC Solid AC voltage test IEC 62271-201 ARN
Insulation- Lightning impulse voltage test IEC 60529
enclosed Partial discharge measurement
switchgear and Temperature-rise test
controlgear above | Temperature measurement
1kVand <52 kV | DC resistance measurement
Verification of degree of protection
R.L.V. measurement

i\
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Annex to declaration of accreditation (scope of accreditation)

Normative document: EN ISO/IEC 17025:2005
Registration number: L 218

of DNV GL Netherlands B.V.
High-Voltage Laboratory

This annex is valid from; 20-03-2017 to 01-04-2018

Replaces annex dated: 03-10-2016

Prolonged until 01-07-2018

No. Material or Type of activity’

product

Internal reference number

Location

5 Gas-insulated
metal-enclosed
switchgear for
rated voltages
above 52 kV

AC voltage test

Lightning impulse voltage test
Switching impulse voltage test
Partial discharge measurement
Temperature-rise test
Temperature measurement
DC resistance measurement
R.L.V. measurement

ey

IEC 62271-203
IEEE Std C37.122

ARN

6 High-voltage AC
circuit breakers

AC voltage test

Lightning impulse voltage test
Switching impulse voltage test
Partial discharge measurement
Temperature-rise test
Temperature measurement

DC resistance measurement
R.LV. measurement

Test under wet conditions

IEC 62271-100
IEEE Std C37.09
IEEE Sid C37.013
EN 50152-1

ARN

7 High-voltage AC
disconnectors and
earthing switches

AC voltage test

Lightning impuise voltage test
Switching impulse voltage test
Temperature-rise test

Partial discharge measurement
DC resistance measurement
R.LV. measurement

Test under wet conditions
Temperature measurement

~—~

IEC 62271-102
|EEE Std ©37.34
|EEE Std C37.41

ARN

8 High-voltage AC
switches

AC voltage test

Lightning impulse voltage test
_— | Partial discharge measurement
,/;/_jjTemperature-rise test

g ~.- 7| Temperature measurement
e DC resistance measurement
Verification of degree of protection

1EC 62271-103
{EC 62271-104
IEEE Std C37.74

ARN

8 High-voltage AC
contactors

AC voltage test

Lightning impulse voltage test
Partial discharge measurement
Temperature-rise test
Temperature measurement

DC resistance measurement
Verification of degree of protection

1EC 62271-106

)
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Annex to declaration of accreditation (scope of accreditation)
Normative document: EN ISO/IEC 17025:2005
Registration number; L 218

of DNV GL. Netherlands B.V,
High-Voltage Laboratory

This annex is valid from: 20-03-2017 to 01-04-2018 Replaces annex dated: 03-10-2016
Prolonged until 01-07-2018
No. Material or Type of activity! Internal reference number | Location
product
10 Automatic circuit  { AC voltage test [EC 82271-111/ ARN
reclosers and fault | Lightning impulse voltage test IEEE Std C37.60
interrupters Partial discharge measurement

Temperature-rise test
Temperature measurement

DC resistance measurement
Verification of degree of protection

11 Busducts AC voltage test IEEE Std ©37.23 ARN
Lightning impulse voltage test
Partial discharge measurement
Temperature-rise test
Temperature measurement

DC resistance measurement
Verification of degree of protection

12 High-voltage AC | AC voltage test IEC 62271-105 ARN
switch-fuse Lightning impulse voltage test IEEE Std C37.41
combinations and | Partial discharge measurement IEEE Sid C37.74
high-voltage AC Temperature-rise test IEC 60282-1
fuses Temperature measurement ) IEC 60282-2

DC resistance measurement
Verification of degree of protection

13 insulators and AC voltage test IEC 60137 ARN

insulated bushings | Lightning impulse voltage test |IEEE Std ©57.19.00
Partial discharge measurement |IEEE Std C57.18.01
Test under wet conditions [EC 60168
Thermal-mechanical performance test IEC 60383
Electro-mechanical failing load test IEC 60507
R..V. measurement IEC 60660 .
Pollution tesis IEC 611089
Temperature measurement [EC 62217
Visible corona test IEC 62730
Steep front wave flashover test ANSI C29.1, 6, -7, -12.
Porosity test ANSI/NEMA C29.2, -13
Visua! and dimensional test CAN/CSA C411.1

Galvanizing test

Themnal shock test

Themat cycle test

Water absorption test

Impact test

Test of housing; tracking and erosion
tests
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Annex to declaration of accreditation (scope of accreditation)
Normative document: EN ISO/IEC 17025:2005
Registration number: L 218

of DNV GL Netherlands B.V.
High-Voltage Laboratory

This annex is valid from: 20-03-2017 to 01-04-2018
Prolonged until 01-07-2018

Replaces annex dated: 03-10-2016

No. Material or Type of activity! Internal reference number | Location
nroduct
14 Cables AC voltage test IEC 60055 ARN
DC voltage test 1EC 60141
Lightning impulse test 1EC 60502
Heat cycle voltage test 1EC 60840
Capacitance and tan § measurement |EC 62067
Partial discharge measurement HD 620
insulation resistance measurement HD 632
DC resistance measurement NEN 3619
Temperature measurement BS 6622
Condition test of XLPE cable BS 7835
Water penetration test BS 7870
Bending test BS 7912
BS 7970
15 Cable accessories | AC voltage test IEC 60502-4 ARN
DC voltage test IEC 60055
Lightning impulse voltage test IEC 60840
Heat cycle voliage test IEC 82067
Temperature measurement HD 629-1
Partial discharge measurement HD 629-2
Insulation resistance measurement HD 632
Test under wet conditions IEEE Std 48
Pollution tests IEEE Std 404
R.LV. measurement
Water penetration test
Impact test
16 Current AC voltage test [EC 60044-8 ARN
transformers Lightning impulse voltage test [EC 61869-2
Switching impulse voltage test IEC 61869-1
Temperature-rise test
Capacitance and tan & measurement
Partial discharge measurement
Accuracy test )
Test under wet conditions %
Temperature measurement
Inspection of active part

]

Y
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Annex to declaration of accreditation (scope of accreditation)
Normative document: EN ISO/EC 17025:2005
Registration number; L 218

of DNV GL Netherlands B.V.
High-Volitage Laboratory

This annex is valid from: 20-03-2017 to 01-04-2018 Replaces annex dated: 03-10-2016
Prolonged until 01-07-2018

No. Material or Type of activity! Internal reference number | Location
product
17 Voltage AC voltage test 1EC 61869-1 ARN
fransformers Lightning impulse voltage test IEC 61869-3
Switching impulse voltage test IEC 61889-5
Temperature-rise test ' IEC 60044-7

Capacitance and tan & measurement
Partial discharge measurement
Temperature measurement
Accuracy test

Test under wet conditions

Leakage test

tnspection of active part

18 Capagitors AC voltage test IEC 60358 ARN
Lightning impulse voltage test |EC 60831
Capacitance and tan § measurement |EC 60871

Temperature measurement
Test under wet conditions
Thermal stability test
Short-circuit discharge test
Endurance test

Sealing test

Self-healing test
Destruction test

Ageing test
19 Surge arresters AC voltage test IEC 60099 . ARN
Lightning impulse voltage test [EEE Std C82.11

Switching impulse voltage test
Current impulse test

Pollution tests

Partial discharge measurement
Temperature measurement
Ageing test

. //‘ R.LV. measurement

T
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Annex to declaration of accreditation (scope of accreditation)
Normative document: EN ISOAEC 17025:2005
Registration number; L 218

of DNV GL Netherlands B.V.
High-Voltage Laboratory

This annex is valid from: 20-03-2017 to 01-04-2018 Replaces annex dated: 03-10-2016
Prolonged unti! 01-07-2018
No. Material or Type of activity’ Internal reference number | Location
product
20 Reactors AC voltage test IEC 60076-6 ARN
Lightning impulse voltage test IEEE Std C57.21

Switching impulse voltage test
Temperature-rise test

Impedance measurement

AC resistance measurement

Power measurement

DC resistance measurement
Temperature measurement

Acoustic sound level measurement
Verification of voltage ratio and phase
disptacement check

21 Compression and | Temperature-rise test [EC 61238-1 ARN
mechanical Temperature measurement
connectors DC resistance measurement

Mechanical tests

22 Protection relays & | Functional requirements |EC 60255-1 ARN
substation . |[EC 60255-149
automation [EC 60255-12
equipment |EC 60255-13

|EC 80255-121
[EC 60255-127
IEC 60255-151
IEEE C37.112

Product safety requirements IEC 60255-1
IEC 60255-27

Page 7 of 8
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Annex to declaration of accreditation (scope of accreditation)
Normative document: EN ISO/IEC 17025:2005
Registration number: L 218

of DNV GL Netherlands B.V.
High-Voltage Laboratory

This annex is valid from: 20-03-2017 to 01-04-2018 Replaces annex dated: 03-10-2016
Prolonged until 01-07-2018
No. Material or Type of activity’ Internal reference number | Location
product '
Protection relays & | EMC requirements IEC 60255-1 ARN
substation IEC 60255-26
automation IEC 61000-4-2
equipment IEC 61000-4-3
IEC 61000-4-4
IEC 61000-4-5
{EC 61000-4-6
IEC 61000-4-8
IEC 61000-4-9

[EC 61000-4-10

1EC 61000-4-11

IEC 61000-4-16 (only 50 Hz)
IEC 61000-4-17

IEC 61000-4-18

[EC 61000-4-29

IEEE C37.90

IEEE C37.90.1

iEEE C37.90.2

IEEE C37.90.3

Energizing quantities IEC 60255-1

Climatic environmental tests IEC 60255-1

IEC 60068-2-2 tests Bd, Bh
IEC 60068-2-1 tests Ad, Ab
[EC 60068-2-14 tast Nb
IEC 60068-2-78 test Cab
|EC 60068-2-30 test Db

IEC 60255-1
IEC 60255-21 series \

Mechanical environmental tests

23 |Electrical Energy | &5t Of . IEC 62052-11 and

insulation properties,
Meters : IEC 62053-11/21/22/23
accuracy reguirements, EN 50470-1/2/3

disturbances of long duration,
electrical requirements, -
C - etectromagnetic compatibility,
the effect of climatic environments,
mechanical requirements.

Remark
“in accordance with” is applicable for all standards.

/)
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Annex to declaration of accreditation (scope of accreditation)
Normative document: EN ISO/IEC 17020:2012

Registration number:

1 049, type A

of DNV GL Netherlands B.V.

Inspection Service

This annex is valid from: 03-10-2016 to 01-04-2018

Prolonged until 01-07-2018

Location(s) where activities are performed under accreditation

Replaces annex dated: 21-04-2016

Head Office
Utrechtseweg 310, Buifding no. R11
6812 AR
Arnhem
The Netherlands
Location Abbreviation/ location code
Utrechtseweg 310, Building no. R11 ARN

6812 AR Arnhem
The Netherlands

.No. Field of inspection Type and range of inspection Methods & l.ocation
procedures?
Rotating electrical machines, Transformers, Capacitors, Reactors
1 Rotatl.ng electrical - examine manufacturers’ quality IEC 80034 ARN
machines . }
registrations

2 Power transformers ) . . IEC 60076 ARN

- moniter factory inspections

- evaluate the results obtained by these NEMA 107

examinations - CISPR 16

EN 60076-11

3 Current transformers IEC 61869 -2,4,9 ARN
4 Voltage transformers [EC 61869 - 34,7 ARN

P

1 lthereIs a ref
accren“rta/ljoqca

Kiherals no ref:?ce {0 a ¢ode and no date or version nuember Is menfionad for a nomnatve dotument-lvo-accrediation o

N

1o & code starting with NAW, NAP, EA of IAF, 1his consfitutes a schema to which RvA-BROM2 appltes, The ac
granted by the RvA, as meant in RvA-BRD10. R

Dutch Accredital

This annex has been approved by tthoard of the i

Ha ocHoBaHwue 4n. 2 ot 33J14

Director of Operations |
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Annex to declaration of accreditation (scope of accreditation)
Normative document: EN ISO/IEC 17020:2012
Registration number: 1049, type A

of

This annex is valid from: 03-10-2016 to 01-04-2018

DNV GL Netheriands B.

Inspection Service

V.

Prolonged until 01-07-2018

Replaces annex dated: 21-04-2016

IEC 60099 ~ 3,4,5,6,7
IEEE Std C62.11

A ?’sg‘—-{i{lf »

No. Field of inspection Type and range of inspection Methods & Location
procedures’
5 Capacitors . , . {EC 60358 ARN
- tra:air:;rr;?i cr::]asnufacturr:&rs quality IEC 60831-1/-2
9 [EC 60871-1/-2
6 Reactors - monitor factory inspections IEC 80078-8 ARN
- evaluate the results obtained by these
examinations
Switchgear
7 Metal-enclosed AC . . . IEC 62271-200 ARN
switchgear - f:ag‘t'rg‘?igas””faCt“rerS quality IEC 62271-1
1-52 KV resp. > 52 kV 9 IEC 60265 ~1
nitor factory inspections IEC 62271-104
- monttor iactory inspectio IEC 62271-105
- evaluate the resuits obtained by these
. 8 ., |Insulation-enclosed AC examinations IEC 62271-201 ARN
switchgear
9 Gas insulated metal- iEC 62271-203 ARN
enclosed AC switchgear IEC 62271-1
(GIS)
10 High Voltage AC circuit IEC 62271-100 ARN
breakers
11 High-voltage AC IEC 62271-102 *|ARN
disconnectors and earthing
switches
[nsulators, Arresters
\—‘
12 Insulators and insulated . ) . lEC 601 ARN
bushings - ‘ra:air;lrr;?g:]inufacturers quality IEC 60168
gistratl IEC 60383 —1,
B ' . . . IEC 60507
C% - monitor factory inspections IEC 60660 e
= - evaluate the results obtained by these IEC 61109
- examinations IEC 60815
ANSINEMAC29  T~—"
CAN/CSA C411.1-
M89
13 Surge arresters ARN

itation Council BVA" 4
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Annex to declaration of accreditation (scope of accreditation)
Normative document: EN ISO/IEC 17020:2012
Registration number: 1049, type A

of DNV GL Netherlands B.V.
inspection Service

This annex is valid from: 03-10-2016 to 01-04-2018 Replaces annex dated: 21-04-2016
Prolonged until 01-07-2018

No. Field of inspection Type and range of inspection Methods & Location
procedures’

Cables

14 Cables ) , . [EC 60055 -1,2 ARN
- examine manufacturers’ quality IEC 60141-1

registrations IEC 60502 —1.2.4

IEC 60840

NEN-HD 620

- evaluate the results obtained by these NEN 3172

examinations BS 6622

HD 620 82

NEN 3616

NEN 3619

NEN-HD 632

[EC 62067

CSA C49

NF C34-125

IEC 61089

15 Cable accessories IEC 60055 —1,2 ARN
IEC 60502 ~1,2,4
VDE 278

IEEE Std 404
IEEE Std 48

[EC 62271-209

- monitor factory inspections

Directive 2014/32/EU
Measuring instruments
The accreditation for the specified activities is suitable for notification

16 Active electiical energy EU-type examination (mcdule B) Annex Il, module B ARN
meters Annex V, MI-003

17 Active electrical energy Conformity to type based on product Annex Il, module F ARN
meters verification{module F) Annex V,h MI-003

tion Council RvA e
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3a ydactue B oTKpUTa npouegypa 3a sbanaradHe Ha obujecTseHa nopsLYKa C npeamer:

»10HMAHA HA MacNoHanbLNHeHa KabenHa enektponposogHa nuHua 110 kV ,3eHut” ot
finHeeH HOXOB paseauHuten 110 kV Ha MC ,Xamxu dumutsp” go nuHeeH HoxoB
paseaututen 110 kV B INC ,Moaysse”, peh. Ne PPC 17 — 169

TexHu4vecko npeanoxexue

P

TexHuvyecka AOKYMeHTayua

ONpunoxeHue Ne 3 kM [NpegnoxeHne 3a U3NbLNHEHUE Ha fnopwbykara no 1.15.3.
OT TeXHW4YEeCKOTO NpeaoXeHne — 3aBepeHu Konus Ha JOKYMeHTH 3a Cyx cunos
kaben 110 kV - Al 1600 mm2:
o [Tpunoxenne Ne 3.3. kbm T.15.3.3. oT TexHWYECKoTO npepnoxeHve —
MocnenHu nsganua Ha kaTanosu Ha Mpou3BoOAUTENS.
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XLPE CABLES

AND CABLE SYSTEMS

66-220 KV

MODERN SOLUTIONS FOR
POWER CABLES/ESTRALIN HVC




XLPE power cables.....coommmmrncinini 2

Production technology i 3
Estralin HVC ~ High Voltage cable production
pioneer in RUSSIaumirmmimremrmisssssssnnes versrserenes 4
Products and Services ... 5
MarKiNngS cuimeomimmm s e ssessssssissssisans 6
XLPE cables 66-220 KV .o 7

Comparative characteristics :

Advantages

Design

Technical specification

Electical specification

Formulas

Earthing/cross-bonding cable

Load factor

Short-circuit currents

Cable laying and testing conditions
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XLPE power cables

Cables 66-220 kV are widely used for electric
energy transmission and distribution especially in
large cities and at production plants, where electric
energy consumption and load density levels are
particularly high. Although basic requirements
of cables (ie. reliability, functionality, low
maintenance costs) are obvious, failing in one of
these requirements can cause remarkable financial
losses as well as interruption of the service being
Jrovided.

Unlike cables with paper or oil-filled insulation
which have reliability issues as well as high
maintenance needs, medium and high voltage
XLPE power cables provides very long service
life and provide continuous electric power to
consumer during their service life without any
_maint nang needs.

Design, modern production technologies
and perfect materials with better electric and
mechanical properties makes XLPE cables service
life longest among other types of cables,

XLPE cables transfer capability is substantially
higher than paper or oil-filled insulated cables.
According to international standards, XLPE
cables are designed for continuous service with
conductor temperature of 90°C and it is still
active under emergency conditions even at higher
temperatures while oil-filled or paper insulated
cables can withstand conductor temperature only
up to 70°C which significantly decreases their
transfer capability.
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Production technology

XLPE cables are environmentally safe. Absence
of liquid inclusions ensures maintaining clean
environment, which permits usage at any
environmentally demanding projects and service-
free maintenance of cable lines,

Due to its single core design, cable laying and
installation of accessories, even in the most
extreme conditions, are easier, XLPE cables with
‘olyethylene sheath can be laid even temperatures
as low as -20°C.

XLPE cable production technology was first
introduced in the 1970s. The cross-links are a space
lattice constructed using formation of longitudinal
and transversal ties between macromolecules of
polymer. With its physical and electrical properties,
cross-linked polymer suits ideally for insulation of
medium, high and extra-high voltage cables.

During production of XLPE cables, as any inclusions
to the insulation will reduce life expectancy of the
cable, special attention has to be paid regarding the
purity and quality of insulation materials. In order
to reach the ultimate target of producing reliable

cable with a long trouble free operation time,
special measures has to be taken by providing high
quality raw material from a reliable supplier and
treating them in special “clean rooms” in order to
avoid contamination of insulating material,

' High adhesion between semiconducive screens and

insulation is a critical point. Applying insulation
and semiconductive screens with triple extrusion
technology followed by simultaneous cross linking
of all three layers ensures high adhesion,

Based on obvious advantages of enhanced design
and modern production technology, XLPE cables
proved their universal application in developed
countries and cause remarkable, continuous
decrease of usage of oil and paper filled insulated
cables day by day.
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Estralin HVC - High Voltage cable
production pioneer in Russia

The ultimate target of the «Estralin High Voltage
Cables» (Estralin HVC) plant is introduction of
innovative techmologies in the field of power cable
production. Providing high quality production
and services, we help our customers to increase
their competitiveness as well as reduce the adverse
impact upon environment.

Estralin HVC gives utmost importance to
Research & Development of new technologies in
order to provide high quality, competitive final
product. Using best materials from leading global
manufacturers for insulation (peroxide-cross-
linked polyethylenes, triingostable (TSPE) and
copolymer (CCPE) polyethylenes), high skilled
rersonnel are key for us to perfect production
which complies International and Russian
Standards which put us on par with Western
European Manufacturers.

T .
%:% Modem solutions for power cab[;s [Estralin HVC .7
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Starting from choosing the right cables and
accessories according to project and customer
requirements until commissioning of complete
cable line, Estralin has continuous control over the
project in order to guarantee full satisfaction of
final client.

In order to maintain complying to international
quality standards, systematic approach has been
introduced at the factory. Environmental aspects
are very important for Estralin HVC and all
necessary measures are being taken accordingly-

Estralin HV(%s
introduction  of

in  development,
assurance and

SuCcesses
quality

environmental management systems have been
recognized by the largest independent European
certification Company, TUV CERT: the Plant was
awarded certificates of conformity with regulatory
requirements of ISO 9001 : 2008, ISO 14001 : 2004.




Products and services

Core production of Estralin
HVC is 66-220 kV XLPE cables.

According to their design, all
cables technological data and
service characteristics comply
the international standard
requirements:IEC 60840 (66-
150 kV cables), and IEC 62067
(220 kV cables), as well as
with the GOST R certification,
including those with regard to
fire safety.

Our company offers:

- medium and high voltage cables
- technical support at all stages of
cooperation.




Markings

Conductor material : Without designation : Copper conductor
i {
E A E Aluminum conductor
E RM S Round conductor
1 1
E RMS i Segmented conductor
[ “Insulafion material : 2X 0 TTTTTTTTTTTTTT U XCPRinsulation T
| Screen eI 1 "Copper wire and copper tape screen
I i
i SA E Aluminium wire and aluminium tape screen
i ® i Watertight screen from swelling tape
! i which provides longitudinal water sealing
. 1 1 .
< : FL) E Watertight screen from swelling tape
: + which provides radial water sealing and laminated
: i polymer
3 1
___________________ U S
Armouring L AWA ' Wires armouring from galvanized steel
i I
l 1
___________________ b o e e e e e e dmm e e — e e — e M e e e e A ————
Sheath 'K ! Lead sheath
LY } PVC sheath
P 2Y ! XLPE sheath
E H E Halogen free flame retardant sheath
¥ 1
""""""""""""""""" t LW, (following screen designa- | Optic fibers in steel tubing inserted into copper |
{ , tion) '
. : :
! ! N\
S

(/%— A2XS(FL)Y-A-LWL 1x1600RMS/185 64/110 kV

Leqmnn- EREDEE- g g U Aluminum conductor
:'""1. ''''' ;l' """ E-----%---J:----% ------ XLPE insulation
Example': baane- i ----- —E- - -:' - -E mm-- %r —————— Dual water sealed, flame retardant PVC
: ' ! ! : outer sheath of category «A»
beome- |{— --- —\:- R Rk Integrated optical fiber
R - S Conductor quantity
S *¢\; - - Longitudinal segmented conductor

! Cable design and markings can be changed when new
decisions are implemented. e o \: Screen cross-section




XLPE cables 66-220 kV

i i
Comparative : | High pressure
characteristics | “LEPle i Fitled cable
................. R N
Continuous : :
permissible ! 90 ' 85
| temperature, °C_ . SR
1 1
( Permissible heat‘;mg ! 105 ! 90
in emergency, °C !
Ultimate permissible i )
temperature under 250 i 200
short-circuit current | i
flow, °C ! ,
[ Density of 1sec,” ™~ 717777777777 L,
short-circuit current, :
Afmm? ‘ X
— copper conductor | 144 ; 101
— aluminum ; 93 : 67
| conductor ___ _____ .. e ]
Relative permittivity E i
£at 20°C I 33
Dielectric loss ratio, E E
tg ® at 20°C : 0,001 : 0,004
( Main advantages of XLPE cables are the following:
- high cable transmission capacity due to - absence of liquids (oils) under pressure, and
increased conductor permissible ternperature; consequently, no need for costly refilling
] . ) ‘equipment, that means the considerable
N bigh current of thermal resistance during short- saving in operational plification of
- / 11 1 3 1 i - » - " . .
- ) cuc:}nt thf:"lt is of a special importance than a installation equipment, redticing ¥me and cost
.cfods-section has been chosen on the basis of of cable laying, as welt as inst :

short-circuit nominal current only;

- low weight, smaller diameter and bending radius,
which facilitates laying in both cable structures
and underground along complicated routes;

- strong insulation provides enormous advan-
tages at the laying over a sloping, hilly or rough
territory, i.e. along the routes with considerable
level difference due to absence of mass dulling
effect;



XLPE cables 66-220 kV

Design

XLPE insulated 66-220 kV cables consist of a round or segment
copper or aluminum conductor, semiconductive core layer, XLPE
insulation, semiconductive insulation layer, semiconductive tape,
copper wire screen and copper tape screen, semiconductive tape,
outer XLPE-sheath or PVC-compound.

Extruded screen made of semiconductive material, insulation
and semiconductive insulation screen is laid over the conductor.
Insulation thickness depends on conductor diameter.

The metal screen consists of copper wires and a copper tape laid
above them, The screen cross-section is selected from short-circuit
(SC) currents flow condition.

To ensure longitudinal sealing with “F”-index, a layer of
waterproofing material should be used. Upon contact with water,
the layer swells and makes a lateral barrier, thus preventing
spreading of moisture in case of outer sheath failure.

“FL”-index has a sheath made of aluminum polyethylene tape
welded together with XLPE- or PVC-sheath. This design allows to
have an effective diffusion barrier, which prevents penetration of
water vapor, whereas the outer sheath made of black PE serves as
the mechanical protection.

Cables with reinforced XLPE-sheath and longitudinal ribs
designed for sheath damage control, are used during cable laying.

On the Customer request, a 66-220 kV cable may be manufactured
with optical fiber which is used for temperature measurement
through the full length of the cable and for signals transmission.




XLPE cables 66-220 kV

Design

In addition, to ensure the sealing, lead sheath may be used. When
this occurs, the cable will have the “K”-index. The lead sheath do
not only ensure the sealing but also can replace, partially or in full,
the screen transmitting short-circuit currents.

To ensure the additional mechanical protection the aluminum-
alloy wire armor with "AWA"-index can be used.

Cables with reinforced XLPE-sheath and longitudinal ribs
designed for sheath damage control, are used during cable laying.

On the Customer request, a 66-220 kV cable may be manufactured
with optical fiber which is used for temperature measurement
through the full length of the cable and for signals transmission.




XLPE cables 66-220 kV

XLPE 66 kV cable specification

Conductor cross- mm? ) 185 1 240 1 300 ¢ 350 1 400 1 500 + 630 . 800 1000 | 1200 | 1400 | 1600 | 2000
| section(8) . S SRS U SR S S BN SR SRS SO SR S R
Screen cross-section | mun? ¢ 150 ; 150 , 150 | 150 | 150 | 150 | 150 ! 150 | 150 | 150 | 150 ! 150 ! 150
——————————————————— i e A i e et st
Insulation thickness : mm . 11,5 , 11,0 | 105 | 105 | 105 | 105 ! 105 ' 105, 105 1 105 | 105 | 105 | 10,5
------------------ e e i e I R L T T ey S S A
Thickness of outer 1 Wt o)t 60 1 60 1 60 1 60 1 60 1 60 1 60 1 60 1 60 | 60 1 60 | 60
Cover 4 1 i ] r i [] ¥ 3 ] 1 1 ] 1
R e e A e T B T Tt T S S PR
{  Cable diameter (D) P TR G 63,6 1 649 | 662 | 67,8 | 694 L 724 | 756 | 795 | 837 ! 89,3 ! 93,2 | 96,4 | 1024
——————————————————— ket il Al e e e i R R el L T T papueiy SRS SR
Weight approx. : : ; : | ; \ X ! : ; | ; ;
Alconductor 1ot 44 1 46 1 48 1 50 | 52 1 57 | 62 | 69 | 77 | 87 | 95 | 102 | 116
Cu conductor | ¢ 85 4 61 | 66 | 72 ) 77 | 88 '102 ' 11,9 ! 140 ' 161 V182 1 202 ) 241
[~ToTrrrrmeT R S S e e it e ek S A iet SR LT D b
i ] 1 i 1 T r ] 1 ] I I 1 1
Min. bending radius | = 0,954 1 0,974 + 0,993 1 1,017 1 1,041 1 1,086 1 1,134 1 1,193 1 1,256 1 1,340 | 1,308 | 1,446 1 1,536
{(15D) ' i 1 t l ! 1 ! 1 1 1 ! t 1
................... i-n”i__--l-_-_l”-hl-_-_h--_l_n“l_--J-_--i“--l___-l-_-_i“-__l_---.
Maximum pulling force | h : ; : : H ' : H ‘ ; i :
Al (30 S) v kKN 555 | 7,20 1 900 | 105 & 120 | 150 | 189 | 240 ! 30,0 ! 36,0 , 42,0 | 480 | 60,0
Cu(s509) X i 925 112,00, 1500, 175 1 20,00 1 250 | 31,5 1 40,0 + 50,0 | 60,0 | 70,0 | 80,0 : 100,0
——————————————————— bl Sl e i e e i e Rl L r TR apur i AU A A
i 1
I !

DC resistance '
Cu conductor ;Q/km
Al conductor '

1
. ]
Capacitance (per k|

phase)

1 f‘@*‘% l_?;
) %@!Wif
=

b
i

1 1 1 1

——————————————————— +—-——+—-«—+————+~———+~—--w————+————+—u«u+——--+—--—+-—n—e——-—+—-——+~»u-
} 1 1 I r 4 1 1 1 1 1 i ) 1 ]
1 1 ] 1 1 E E 1 1 1 1 1 i t
1 1 ] 1 1 1 b3 1 [] r ] 1 1 1
Inductancebetween i iy 1 0ot 44301 0,.4289 10,4209 0,4057 ! 0,39 | 037811 0,363 | 0,351 | 0,339 | 0,334 | 0,330 | 0,317
conductors () ' 1 1 ' ' ' | i ' 1 1 1 ¥ |
OO ' ' . i : H i ' : ‘ : : ‘
—————— B el e it A O T Ll Sy MR
( 1 I 1 1 1 1 1 1 t I 1 ] ) 1
{ i 1 ) [} i H 4 I 1 1 ] t i
Inductance between -, e 10,228 | 0,206 | 0187 { 0,178 | 0,170 } 0,183 | 0,181 | 0,132 ! 0,121 ! 0,114 * 0,106 | 0,201 ' 0,092
Conductor and screen | ' ) 1 1 t | i 1 3 1 i i 1
1 1 1 1 1 1 1 ] 1) 1 I 1 ) 1
------------------- e e e e I ik AR e UG VY NSV
i
t

1
] ) I I 1 1 ]
| l

1 l l [ I 1 i [} i

'01640'01250'01000'00890'D0778'00605100460100367'00291!00247'0021210 0186!00149
10,0991 00754'00601100543 004‘70100366'00280'00221100176'00151'00129'0011,’5'00090

1 i f § 1 [} i 1 1 1

'

] i I 1 ! I ] 1 1 i I
1

i

[}

H
1
0,167 ; 0,188 | 0,210 ; 0,221 | 0,232 ] 0,252 | 0,274 | 0,300 | 0,328 ' 0,366 | 0,392 ! 0,413
1 1




XLPE cables 66-220 kV

XLPE 66 kV cable specification with lead sheath

1 1 1 1 i t 1 ) i I i

Conductor cross- ' mm? ¢ 185 1 240 5 300 1 350 1 400 ¢ 500 1 630 1 800 ¢ 1000 | 1200 ¢ 1400 | 1600 1 2000
section (S) ' ' ) 1 1 1 1 1 1 1 ! It 1 I
——————————————————— I el ek e N I S I I it SE R SEIE IR B kel SRl el Bl
Screen cross-seclion | mm? . 150 | 150 § 150 | 150 | 150 , 150 | 150 ; 150 150 | 150 | 150 | 150 | 150
——————————————————— B e A S A e 2t I S N R Tt I it il e e e Al STl i
Insulation thickness | mm | 115 | 1,0 | 105 | 105 | 105 | 185 | 105 , 105 1 105 | 105 | 105 , 10,5 ; 10,5
e e Rl D s T T R R I R I I e T R e e i i Bl i it it
Thickness of lead ' L2001 22 22 122 1 22 5 22 1 24 0 24 % 26 1 26 | 27 {27 1 28
sheah 1 1 1 t 1 ! I 1 1 I 1 1 I 1
e e el e T T e A e i e e T I B e i R B el
Thicknessofouter 1\ ch L 60 L 60 L 60 ¢ 60 1 60 1 60 ¢ 60 1 60 1 60 1 60 1 60 1 60
L COVRL .. FS ST U S U S -SUNIOUS SIS S NP SUVUIY USRI RIS SAP
Cable diameter (I} "pun | 676 1 689 | 70,2 | 718 | 734 1 764 | 80,0 | 83,9 | 885 | 941 | 98,2 | 1014 ; 1076
——————————————————— R T T T R R ittt A R I i o A e el e
Weight approx. : N : \ | : ) : | ' . ' | :
g Pp ] 1 1 1 1 1 ] §
Alconductor iyopt 86 1 89 1 92 1 95 ;1 99 . 106 P 1L,9 129 5 146 , 161 , 175 | 185 | 209
Cu conductor | V97 104 ) IL1 ) 1L7 ) 12,4 5 137 158 | 170 | 20,8 | 235 | 26,2 | 285 | 334
------------------- e i At e A e T A R adal el B e it Sl Je el
Min. bendi dius ! : X | X i ; " f : X " X '
m. bending raciels | 13501 1,378 1 1,404 1 1,436 1 1,468 1 1,528 1 1,600 1 1,678 1 1,770 1 1,882 1 1,964 1 2,028 1 2,152
(20D) | 1 1 | 1 1 1 1 ] 1 1 i 1 r
................... FUUD SRS U (NN SRR U UUUNY UUSY SUPUIS SSIUI SN SN SRR UP
Maximum pulling force | ' ' | | K : ' : ' : : : :
1 1 f 1 1i I 1
Al(305) ''kN ! 555 1 720 ) 900 1105 | 12,0 § 150 ¢ 189 | 24,0 | 30,0 } 360 | 42,0 , 48,0 ; 60,0
Cu (50 5) ; V9,25 112,00 1500 1 17,5 1 20,001 250 1 315 1 400 1 50,0 1 60,0 | 70,0 i 80,0 1 1000
——————————————————— L A R R i i e I IR e B e Rl il I e et Bl Bl dh el el
1
i

[} I 1 1 1 i 1 1 1 ]

DC reSiStmce i ] o 1 1 1 1 1 1 1 1 I 1 1
Cu conductor ! Ofkm ! ,1640 ' 0,1250 ! 0,1000 ! 0,0890 ! 0,0778 ! 0,0605 ! 0,0460 ! 0,0367 ! 0,0291 : 0,0247 ! 00212 ! 0,0186 ! 0,0149
Al conductor ! ! 0,0991 ' 0,0754: 0,0601 ! 0,0543 ! 0,0470 : 0,0366 ! 0,0280 ! 0,0221 : 0,0176 ' 0,0151 ! 0,0129 ' 0,0113 ' 0,0090

——————————————————— R T e R T R I A e s R I I A |
1 L 1 ] i 1 1 1 1 ] 1 1 ) 1
{ i : i : | i . i | : i i i
Inductancebetween 1 mH/ 1 470 1 0,456 ! 0436 | 0,425 | 0,416 | 0,400 | 0,386 | 0,371} 0,358 | 0,348 | 0,339 | 0,332 } 0,321
conductors 1 1 1 I ) 1 1 1 1 ) 1 I ' I
SO ORNNy : : i : : : ‘ | : : j ; :
——————————————————— D el e i T e il e e e e it it Sl
I | ] 1 ] i 1 T 1 1 ] 1
Inductance between : : i ; | ; ; : : : } : :
DY Y0232 10,210 | 0,191 ) 0,182 | 0,173 | 0,160 | 0,148 | 0,135 | 0,124 | 0,117 ; 0,109 | 0,104 | 0,095
conductor and screen 1 1 i 1 1 1 1 1 i ‘ 1 i 1
................... LR UPIUU SUNPUURD SN UGG U UpUPUU SR R RN NS UV SR

] i r i ] 1 ] I
1 ) E 1 ] 1 1 ]
VuB/km | 0,167 ' 0,188 ! 0,210 | 0,221 | 0,232 | 0,252 | 0,274 | 0,300 | 0,328 | 0,366 | 0,392 | 0,413 | 0,453
Phase) 1 1 ' 1 ‘ ' 1 1 1 1 1 b 1

__________________ O T T T T T T T T A I

i
Fo S
15 ﬁ,{?
fR T

=

power cables | Estralin HVC
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XLPE cables 66-220 kV

Permissible continuous current-capacity during cable laying for XLPE cables 66 kV

The load-carrying capacity of high-voltage cables can be calculated under the following
laying conditions:

- cable laying in ground;

- cable laying in triangle formation;

- cable laying in flat formation, the distance between phases ~cable diameter;
- cable laying depth — 1,5 my;

- soil maximum temperature +15°C;

- s0il thermal resistance— 1,2 K:-m/W;

- conductor temperature - +90°C;

- circuits quantity—1;

[ 'ad factor (LF) - 0,1 u 0,8.

Table 1.1. Continious current-carrying capacity during cable laying in ground

Conductor cross- | | 185 1 240 4300 } 350 | 400 | 500 | 630 | 800 1000 1200 | 1400 | 1600 | 2000
| section (S), mm? e A SRR SRRSO SR SR SR S HORE SR Lo
1 i 1 1 i 1 ] 1 1 T 1 i 1 i
C"““.““"!‘;S C“”e“t'c (LE=0,8] 489 | 568 | 642 | 682 | 734 | 834 | 945 ! 1058 | 1164 ! 1365 ' 1474 } 1558 | 1664
capaciy “ILECLO: 438 1 906 1 571 | 605} 650 ;77 ) 832 | 92 {1016 1186 | 1276|1345 | 1430
&5 ALTLF-0,81 380 | 442 | 500 | 534 | 576 | 659 1 754 | 856 | 950 | 1093 | 1187 | 1268 | 1395
'LE=1,01 340 1 394 1 445 1 474 1 510 + 582 ' 664 | 750 : 837 1 950 | 1028 11095 i 1199
[ Continuous currené- 1~ VT A R A [ [
capacity, A 'LF=0,8! 511 | 595 ! 674 1716 1 771 | 880 | 1001 } 1128 | 1251} 1337 : 1423 | 1496 | 1620
Cu;LEflg'_1_15@_;_5_2_8_1_5_9_7_;_6_3_4_;,6,8_2";_27_6_;_&8_3_;__99@_;199_51;“1“1_6_8‘;_1_2_4;_;_1‘3{33_ 1408 |
000, A LE-081 397 | 462 1524 1560 1 603 | 692 | 793 i 903 11017 | 1103 | 1186 | 1259 | 1383
LF-L0} 354 | 411 ! 464 | 496 | 533 | 610 | 698 | 793 | 891 | 964 | 1035 | 1097 | L1202
! ! : G Rl et el ! ! : ; '
Table 1.2. Single point earthing currents
fe‘;’t‘l‘é‘:(tg;’ O | 185 { 240 1 300 1 350 | 400 i
TR pririg i vt gl U $m— - Fmmm e b oo o g
Continuous current- | : : j | i '
capacity, A iLE=0,8; 460 ; 524 , 582 | 613 | 651 |
Cu '%13 =10; 410 ; 466 ) 516 1 541 ; 574
C/AI'LF—OS' 366 1 420 1 470 i 499 | 533 1
:LF=1,0: 327 X 374 : 417 ! 442 L 471 J
——————————————————— :------4-—-——‘&--———+——--T—---+———-+
1 1 . ] 1 1
Continuous current- LF=0,8: 448 | 501 ! 547 : 570 ' 599 :
capacity, A 'LE=10! 396 ! 441 | 479 | 499 | 523 1
O S St R Rt et
(2 XeXe) '{LF=0,8: 365 ! 414 ' 457 ' 481 « 509 !
ALLF 1,0} 324 | 365 | 402 | 423 . | 446 ¢ 490

ST _.z,'.-,n:ﬂA;‘,L'f» <




| XLPE cables 66-220 kV

Permissible continuous current-capacity during cable laying in air for XLPE cables 66 kV

The load-carrying capacity of high-voltage cables can be calculated under the following
laying conditions:

- cable laying in the air;

- cable laying in triangle formation;

- cable laying in flat formation, the distance between phases —cable diameter;
- conductor temperature - +90°C;

- ambient temperature - +25°C;

- protection from solar radiation.

Table 1.3. Single point earthing currents

: L 185 + 240 : 300 1 350 1400 500 | 630 i 80D i 1000 i 1200 i 1400 i 1600 1 2000
2
 cection (), mm?_ I F fomeee beoaas NS S S N S H SRR
E ) L i 1 1 1 ] I i 1 i 1
Continuous current- {563 1 661 1 756 1 809 18761 1009 | 1156 | 1312 | 1464 | 1741 { 1901 § 2027} 2200
CapaCIty,A Cul ] t 1 1 T 1 i I 1 1 i 1
() A AR HE i - e Hul H S
AL 438 1 514 1 580 1 633 16871 797 | 922 | 1061 | 1205 | 1391 | 1528 ! 1646 | 1840
I ttets t---i _____ HE R R l"-l____l____% ..... U SR dmmmn N U
ontinuous current- ! ' t 1 ' ' 1 ' ! ' ‘ t
capacity, A Cut 626 1 737 + 849 1 909 1987 1 1142 | 1319 ¢ 1511 | 1703 1 1994 i 2191 1 2350 1 2576
p ty i i ] 1 1 T 1 ] I 1 1 1 1
bomen feeaos fommnn fmmmnm HORUE U QR S R SR R HINR G
L EEE ) ; " i ' ‘ i ; ! I | : l
| 486 | 573 | 659 | 711 | 772 898 | 1043 | 1208 ; 1382 , 1580 ; 1742 , 1883 ; 2120
AII 1 1 I 1 1 ] i ] 1 i 1 1
! ! ! : L ! ! ! r ! ! :
Table 1.4. Both ends earthing currents
= S ; ; : T : ‘ : : .' : '
( “ronductor cross | 185 + 240 ! 300 ¢ 350 1400 i 500 ! 630 ! 800 1000 | 1200 | 1400 i 1600 @ 2000
ction (S), mm® R $ommm e M bommn g HOR- S MO S P FRRES S
Continuous current- ! 1 ! J : ! t 1 t ! ! ! !
capacity, A Cul 536 1 620 | 698 | 741 795 : 895 1001 . 1109 : 1209 | 1362 | 1450 ; 1518 , 1612
’ t 1 1 ' ! ] 1 1 e 1 1 1 1
Fmm— == 4 R, Fmmmm b o ———— e L froenn o
i 1 1 1 1 ] ] 1 3 I 1 1 ]
5 ALl 425 1 494 1 560 | 599 1 6451 737 | 837 1 944 110501 1173 1 1262 | 1335 ! 1453
! 1 ] ] I 1 1 1 F 1 1 1 ]
------------------- L O R et R R R e il
Continuous current- | X " " H : ' : ‘ X : . :
: | 550 | 625 ¢ 689 | 724 1765 . 839 i 913 ' 984 1049 1 1132 i 1182 ! 1220 ¢ 1276
capacﬂ:yA Cu,y 1 1 ] 1 1 [ 1 \ 1 1 t 0
' SRS SO SRS S SN SRS SRS SO SRS SO 1 S SIS SO
000 R R A R R L
" Al, 448 | 515 | 575 | 611 . 650 : 726 | 805 | 884 | 959 . 1037 P 1137 1 1207
DR N NS NS N NS R S SR N N
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XLPE cables 66

XLPE 110 kV cable specification with lead sheath

llllll

Conductor cross-
section (5)

oo S T e I R e BN T it el i Sttty

Screen cross-section

1 ! !
0 : 15,0 v 150 1 150

50:15

1

v 150+ 3150 1 1

mm ' 1

’

’

?

15,0

0 v 150

60 1 16,

60 1 160 1 1

1

A

1

o’

Thickness of
insulation

U U T . e T R e R et I e et
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XLPE cables 66-220 kV

Permissible continuous current-capacity during cable laying for XLPE cables 110-150 kV

The load-carrying capacity of high-voltage cables can be calculated under the following
laying conditions:

- cable laying in ground;

- cable laying in triangle formation;

- cable laying in flat formation, the distance between phases ~cable diameter;
- cable laying depth ~ 1,5 m;

- soil maximum temperature +15°C;

- soil thermal resistance- 1,2 K-m/W;

- conductor temperature - +90°C;

- circuits quantity—1; .

- load factor (LLF) - 0,1 11 0,8.

Table 1.5. Continious current-carrying capacity during cable laying in ground

Conductor cross- | 1185 1 240 | 300 1350 | 400 | 500 | 630 1 800 | 1000 } 1200 | 1400 | 1600 1 2000
| section (S), mm? H. TR TR S SN DU S S R A S R S SR
1 1 1 i 1 1 1 k) 1 ] 1 1 L 1
* 1 1 i 1 1 t 1 1 ] r I . 1 ] 1
Confinuous current- 'y y_g9! 490 | 569 | 644 | 684 ! 736 ¢ 87+ 949 1 1064 1 1173 } 1369 | 1479 | 1565 | 1669
ca aCIfyA Cu 1 1 T T ' 1 1 1 1 ' T 1 1
Py (LETL0; 458 507 ) 572 1 606 1 652 1739 1 835 i 932 11023 | 1189 | 1280 ! 1350 | 1437
AULE =08 380 | 442 1 501 | 535 | 577 | 661 | 756 | 859 | 964 11095 1 1189 | 1271 | 1396
(X LE-1,01 341 ¢ 395 1 445 ) 475 1 511 1584 1 665 | 753 | 841 | 951 | 1030 | 1097 | 1202
A e e LI i e il Tk T I o S S AR R R L pupeg - R
E;":C‘i‘;;“’zs Ut lLp—08i 510§ 592 1 671 | 714 {769 1 878 11000 | 1128 1 1253 | 1444 | 1567 | 1661 | 1794
P ! Cu;LFal,O; 456 ' 529 : 598 ) 634 1 683 V777 1 883 1 994 1 1100 | 1266 y 1371 1 1450 1 1562
Fmm e i I R el T e S e e mm o LR A
000, ALILE 08! 396 1 460 | 522 556 1 601 1690 | 792 & 902 | 1017 {1146 1 1247 11332 | 1478
[LF=10; 354 | 411 | 465 | 496 | 534 | 611} 699 | 794 | 893 | 1004 | 1091 | 1164 1287
\..ole 1.6. Single point earthing currents
Conductor cross- ; 1 185 1 240 1 300 § 350 1 400 | 500 § 630 | 800 | 1000 | 1200 | 1400 | 1600 | 2000
| section (8), mm? LS il TR RIS SRS SIS SOOI St T St et Sl Soed]
Continuous current- | } ' H " 1 " : i o " T o
capacity, A JLE=08) 463 | 529 | 589 | 621 | 660 | 732 | 807 ! 879 ' 944 | 1038 1130 | 1181
® ~CuiLE-L0i 413 | 470 ) 521 548 | 581 | o1 | 704 ) 763 | 816 | 892 NG | 964 | 1001
RO o= LR -08] 368 | 423 | 474 | 504 | 538 605 1 678 1 752 | g2t 902 | Of7 :1003 | 1071
"’ 'LF=1,0t 328 t 376 1 420 1 445 14751 532 1 593 ¢ 655 1 714 ' 1 858 1 911
——————————————————— +-—-~--+—————+--——+——--+——-—+—-—--+---—{-—-——«1----——+~---+-——-+---—— oo =~
Continuous current- LE=08) 451 § 505 | 552 1 576 | 605 656 | 706 | 752 {791 1 840 | Neatr'1 916
capacity, A CuwLE=10; 398 | 445 | 485 { 505 1 529§ 571 } 612 | 649 | 681 | 721 | 743 | 762 } 781
Fmm - +----+—-——+--——+-———--s-—--+—---+-—-—-—{--u«--+-—-—-+-——-+ ----- et e
000 ILF=08! 366 | 415 | 460 | 484 | 513 | 565 | 6209 672 | 720 1767 1 800 ! 827 ) 864
ALLF=1,0! 325 | 368 ! 405 } 426 | 450 | 494 | 539%\"{83 | 622 1 660 ! 687 1 710 I 739
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XLPE cables 66-220 kV

Permissible continuous current-capacity during cable laying in air for XLPE cables 110-150 kV

The load-carrying capacity of high-voltage cables can be calculated under the following
laying conditions:

- cable laying in the air;

- cable laying in triangle formation;

- cable laying in flat formation, the distance between phases-acable diameter;
~ conductor temperature - +90°C;

- ambient temperature - +25°C;

- protection from solar radiation.

Table 1.7. Single point earthing currents

-onductor cross- | 185 1 240 1 300 | 350 :400 1 500 + 630 | 800 1000 i 1200 : 1400 : 1600 | 2000
section (S) mm? _____ O R PR SRR R SRR S SO LN J H HR SRR
i ) E 1 T 1 ] § 3 ] ] J [}
Continuous current- | ge5 1 g6y 1 754 1 806 | 874 | 1006 1 1153 1 1310 1 1462 1 1729 | 1888 1 2013 | 2185
capacity, A Cu, | ; ! | | l } | ; ' ‘ .
Foww e L B e T D i NI LR il L LR R
! R U A R AR RSN . Lo
(X Al 437 1513 1 587 1 631 {684 794 ! 918 ! 1056 1 1200 : 1380 ! 1515 : 1632 1 1824
1 I I3 t 1 ] [} i 1 r T 1 '
Continuous current- : Vo [ A T o PTTTTTTTT
capacity, A | 618 1 727 1 833 1 892 1968 ! 1123 1 1296 1 1483 1 1671 | 1953 1 2145 12300 | 2519
Cuf . R PO SR AR G S SR O S benenn HER -
: i . | ; i . : ; i i ' g
X AL+ 480 | 565 [ 647 | 697 | 756, 882 , 1025 1185 | 1356 , 1548 | 1705 | 1842 ; 2072
S A R T R T S T TS T
Table 1.8. Both ends earthing currents
[ - f 1 ' N ; i X ' | i 1 j :
E"C‘t‘l‘é‘r‘f(tg)r P | 185 1 240 1 300 1 350 i 400 ! 500 1 630 ! 800 ! 1000 ! 1200 : 1400 ! 1600 : 2000
Continvous current- o . T i N P I N
Capacity’A Cul 540 1 625 ' 706 1 749 1 804: I 905 i 1015 | 1125 1 1229 1 1383 1 14:74 1 1543 ' 1639
e e T e I e
oG D406 | 497 | 563 | 603 | 649 | 7A1 | 843 | 952 | 1060 i 1183 <3274 | 1348 | 1468
Al 1 1 i 1 ! 1 ! 1 1 1 i '
—————————————————— P e ik i Tl e R e N R il
Continuous current- | : " : ! i ; ; : : ‘ :
capacity, A Cul 552 | 628 | 696 1 732 | 776 ! 852} 929 ! 1004 ! 1072 } 1158 ! t 1306
7T . T H R F R VT [
000 1 | 1 1 I 1 1 1 1 ! ' 5
Al 447 | 514 | 576 | 612 ; 653 | 731, 812 , 894 , 972 , 1053 , r 1229
1 1 1 1 T i 1 ] ] 1 i ]
1 1 1 1 I 1 1 I I ] 1 ]

000474



L T
m 3 ' v
t P ! :
_.nMw v m ] RUr_ 1 v
| 'R -3 Pom " .
-- L
[ Ve <t ™~ 1
o | b4 MEE N o t X
= ! 1 o — ' ) wﬂuw 1 % : T
S g o Boemmaas g 3 = N
! I poc o ' X it . o A (o) ool .
. P 2, > e h— l ol 17._ — :
—-— 1 |0 v I ——— 1 — nUO_ b ' v
3 [ 1 1 o 1 o 1 —_— - N rnU_ o I
2 T R N o ; o Yoot =y “L ! & h
g1 g ! amTe g S - B o
N Q .- oo o 9 I ! L 98
1 = f > ) ' - 1 3, = o) . 1 L= faN]
) 1 oy o ! N - ¢ o~ | o & A...O./q - ' >
1 =
-t - 1 N1 ° ! —_ o ' < S 1...0_ - 1 ———1 .
————t 1 ¢ N ! o w0 ! -t g [72] ! - -
T St SR St aw g | €8 58 & S
< [ ) =TS t 8| el X i o =
= o o - &N <A R, - ! = .
- 1 ™ 1 3! ! o o ! 2 SF 0 - 1 [=3 &t
L - 1 1 M.«/_u <2 v M prmmmemm ' (o] | oo ot oOB. - 1 !
e X . z ! - ' P \ ~f &t 11_ ™~ aiieialee 1 <
1 - 1 ™ 1 — OQ t -t ' o o, D t —4---
m 1 I —-—+ - 1 — T o 3 V) ' —-——— D..D.._ o ; - B P
u | @ | o 1 ok ! 1% " w.ON 1 o pommmm h o 1 Elu “ nd
1 DErigis 53R %
[ roo " 2 e PR ;o | =Y o o I e 7 =
———- P = ! - g ' = oa 0 Hom oo , ©
T ! PO — : itk ITR=F D ——%--
= o Tt 4;5, ] PR = > ! — bommm
3 ;8 i P t =00 R ' —e----- = = “ o -
R = ' 0.;_ 1 - ] n/_r ' o oo 7|I+[|| \ = ] —1
' oy ! = 3 [V} t -_———— t o~ oy —t -——— 1 o8
Loy el o ! )k -—— - ! 30_ =t - 1 =)
e —— 1 I o o bommmo- ] O m.l.w % ] -
o) ! 11...1!!_ __ m ” 2 T mhm-=- ' 0!0!. o) t i M
e iaig R L N < g
| . o 1 ——-— ' — 1 o o i duinke f = 5
™~ - =2 P -——-- : o = oS = 0! -———— =
b ! v = ~ -+ ! 30. [ S - 1 o
b m——— ] p O [T e ¢ o bmmmmo- ! o m.l._ m YTt +
_ “4eo =N TR T 2 g ) oo m o
w . X +_.ll||.". t HW.H 1 % " — [ = 3 .
X m ' =2 | ———t - ! — ! 0..0“ nﬂ..l.f.lll ” Mr ! m
! ) B o2 - T ! o ! MOJ 61. ———t-- T
e \ D e ! P t ~F1 %B. o frmTmo !
o X 11+||1“. ” m “ M’QJJ “ 01|+||1I ! nU...OJ” ﬂ ! o .“. ||||||
= 2w R Akt S ¢ 8 " yomoo S-S g
o SR 1 Q! A ! = N Nl ¥ mt-—- s = N
2 L8183 T g Es G YT 3
2 Y zsm P L EE TR [
1 -———— 1 ' ! N —— = 1 -~ L
o o ' —— o X Fo NS | o e 1 O . g (==} = . _.AI._._ | J
- — g, 8 ) - ! S8 = ] oo ! < 1 o %
e e L= T ] 1 Qo ' - ! o, 1 o o) 5||+|||| ) = ! B
(& L 1 ) [ o ¢ yTommeet ! — ) st 06_ ————— Y 1
——— o1 ~ o0 - — D - I o
o O + - 1 1 N ¢ 2 ! - 1 (3} 0 = 1 -—--
-———- =+ 1 - 03_ st -+-
2 o, ol 1 - 1 0N ! o 3 ) - - - ! 10_ i i =] I
1 o 1 —_——— ! 1 Q/fn./w. & 1 —— e = nUOI M 1 & 4 g
o 7] \ m ' 1 e m - 1 — 1 ® ' o ' [ .“. < 1 &~ ! @
» 1 ' 1 ' [ ! ———— Y 1
w0 b ___.] ' m 1 m ' pommmmome .“, —r " ?ww,." wm_./_ ||1|.u. [=) | Mw
e 1 ' 1 b m——— o= N ST |
© 2 g | NIRRT g = 15RO ss 2 | 9
HHEE RN -~ —-—
(73] [ Ha] 1 1 1 - —— 1 rmw, 1 ! l........IOO__ = 1 ~H " ©
O ¥} ; h T ———— =4 1 g ! ! - ! A ;™
— V @ i ] 1 B ' bommmmmms 1 X m ' i 1 =3 P
b 0 1 w ! = 1 1 _—m- 1 T, 1
- o ! ..m - A 1 Frmmome- ! 1 [ et @
© o a2 ] X m g b ! 1 Fomnm- N a : Hlm ) b
L] = ;o= g ! LTI A 1 w om ) ro---- M g 1 ' 1 o
1L o™~ o ! o ! .Cu = [ K e g ! 2 ! o~ ) k= “ ! W
o™ 5 8 P2 2 ' B ! St = HETRS ! ——— '
[« l 5 ! @ ! R Voo = = T E oS! o o= ! ST e nE
— Ll g . g . 8 5 B V- i E8 B! £ G ! Y S-S \B
< o R 28 $EE g Bttt £ | o} S \
5 n_n_ﬁ;“m_pco_g_i_ SEig 3
5 I w T aq b = ! o — o - e o e ! D I nn f %) !
b4 gl ¥y o= ' - B = = TR H & B ! 1] k] 1 @ \
oz g 2 = ! < (=1 ' w8 8 A i £
(.s_m_m_m_mc"n | & "muc_m RN \ 8
P e : = \ Lo I 2 _m ! MA@“ 0 ! 5@ T X /,H...V/
* U ! o ! — \ .. ' @ ! =t : y \ N 2 Lo
. ! = - = ! v g e el B Y 4 5
. =] £ v B - = o © v \ Y 8
' M2 T PR = Q= ' [ i a 3 e
& T ' ' - Y o 1 o % i S
_ s 8 L 55 5g @ § Z AN
2 ' [¥] 1 3 =
2  EE RN N
Poo= @ \ ..mm ! :Du.. X ..M AN
o= e = ’ %
Y =
. P -
{ -
~. L
e
Ry

\
(



g _
; ]
- - : m u 0 “
——— " o |
ST 0 ¢ | |
& ;8 R __ : é |
0 . booet L g ;
H | 3..“ _..nul_ (32 B — O i
: _ L3 3 M, _ 7T i %;7, !
6 " “.lll_ “ L 6|+1| ~<H " % i
| nw _ X | 3 _ > ] - —— 1 ~ t
.... _ ; : _ - 1 o t -- I S ! [= 1
..|l.”. h_ : _ Hlll 1 B ! ~f k- o™ ! _,.DrnU...
: _l...|| | 2 N ' - - - i oo:9 t ———. “ 7%_ 2 T
| _ n/m. | l _ & ' - I 12_
< 1 - = -+ A ] 1.: 17..
| ; . r.i_. 5 - M = __ @ 7T ' UO_ o
| . ; Hl,.:n_ " . s 5 ' o nu..w._ rs] :
lll_ | . i ] u 1 - - o~ ! OnU_ ———— ! Ia)
- = . o : 0 Iy e ! Py - o 5 )
m q lll_ _ n/m. . _Il.a 1 _,DI ~ 1 - 1 60. @ - - 1 o A_
o~ ! ﬁ.ll 1 P i -t = ZQSU _ & I : 10.0/__ : n...UM . 1
1_ ”w _ i L g o~ N ) o~ t el =S o! o~ —_—h - ' ¥}
| v nu _ S “ . L p [te) ' + - = o o yToT ' o~
! : h E r _ : —aa o M,0" el i} 1 S— 5
- _ | _ r.. ..| - |
h ] 3 - 2 a1 AM.QN ! ! 401_ o + <« r 3 -——
.U + 2 _ : _ o 83_ -
| 0 _ ; _ ~ _ : - - (o o n] i —* - i 11 1 ! =) 1
© — P8 ; - - MRV - ! - . § @ _ nu_..l.. + z |
| | : : _ 3 u o e <t [ - Ornu_ o
; | - P = ! - o = Pt o
: I3 s - I |...". —~ ! o =k M 1 LS R
S : “ ||...". e “ _ _Illl_ ﬂ:ﬂu.. ! |1.-.." n.U/_ .nILAO/.“.II..
- - + | _
d : g | o o el 8 & boom - ' Mm,
© | LR ' _..---_ -} T " g - 0,0_
[eh] l1|_ ! 2 Vo + o » ™ | - o _ 3 _ - 01_
. PR ! % P 4 ! -— — ! o~ w0 . _ 6:0;. 1
o ) lll_ 1 . 1 - { - - ! 30- S +
= 8 _ Lot T3 ' ——a- N roR R - M..Sﬁ
=l ' el A RV o ! — X g _ o 01_
) 0 ' ! oo N : . + ...U.
- : ol t (= ! -+ O t - : ] ) : ..-
- ..._ - 1 1 - - q : _ ) nu
+ - T [32) 1 - ™ o - ! nu.nu: ] _
o 1 o~ R S - ! ! . i 1 ..+
n nU .|| _ : . z _ AR € - l oy ' 96
Q = 1 N oo ! -+= — \ S H : 27_
2 8 ! B o bg ! o o 3 _ 01_
] | _ ' o~ “ ] r Ill- ' ey 1 o _ o _ 3 nU-.O_
- Ty l.......“. t ey ! .“.I..I 1 S ! = Rt n)m. . nUrO_ k 0.."
w D . o~ . o ) - ! oOrU voTTTo | MO.._ 71:.....
o) e = - ¢ o ' - _ .r __ | _ 4_ 61 |
S 1 + - 1 = -+ 12 H H _ |
N n =5 - - ! - o~ : g l 32_
2 ! % ! + ! fDl I < ' o _ 3 _ : _ 02
o D L t L e -lll 1 iy 1 -~ : _ ] Oloh
: o ————t L p - , o —— o : o o -
o] - P t % , o f |||.". - ! ) O it ' 00:5_ r
[{=] W t ||... ' | 1 -— ' <& ov - 1 IL. -
Leh] P = ; o ! o 1 - ) ! © -+ 1 @oo_ E
] —— ! 1 - 1 % # - Ll ! o~ i oT : 42_ :
I 1 ' + - N & ! 3 ! -—— t b o -
e b 7 A i DS T o g be-e S S
a | .".lll “ _ .l..ll.“. & “ [ - - 1 _HWOH ———t
L& L . - 1 ! b i 5..2r i et ._I._Hw. 56+..|
8 > g S - =S A 5 g%
< g ! N - - |
& i = : = ,....un_ ' -t — : SE B :
& z £ 8 5 B L & : S T
— o 8 : 2 t @ = : a ! - kv ! -— < 7.7...1: "
1 Iy | , = ' s ! et __ T _ Wd___
[ER] 5 Lo \ g o ] -— g : I : _
] 1 " i l | f u
[+ Lnu 1 7] t o 1 o | o T ! - ! N _ B - —
= T8 -~ S - - ! T . _ R +
VA el = ' o ! ' - s ! ] ! - _ ||... _ .vl _
X o] ! 1 = o | ] 1 St ! o T ] e . u :
1 = 3 .0 ! Sy 1 = t = o 1 5 o : | ‘ _
0 e : | s _ O (a3 - - 1
C\J_ o 1 s ! o ! 2 ! 1 w : P ; _
0t 3] ! ‘qmu " @ ! @ o ! v.m..m "ru.. 1 = ! N - _ _
;W ! s Iﬂ ! ES] ' g ! o nd t g _msw_ N .”.
h rE L 1 M ; o oo = , & " S _ : _
i ! § 23 g | -~ cmmw.ﬂ_ oo 1
_ m y ” : ” m...l. e ! =0 “gl ..-.hu\" m.m ” v
_ “m_H_MAm".m £79 i . __
: & “ &D ! ..M : (R Md “ : § ...
! T = : ] B , & o m ! 3 : |
_ W _ : “m . nn.. £ & “ > r = & ! '
| n\DJ ! X .m.AIH._ 3 .Mm | % % :
_ ] q. 5 ] ! =) 1 - ! o
! M.ﬂu - | .ﬂ 1 h
. : _ K : @ L] [=#
S H ' W t = = _ E |
_M _ : _ = m ! =] 4 i
. | : _ g & 1 ® = 1 W
1 D 1 (o & ( £ 3 _ ¢
i : ' u..w _ ¥ | e
EE “ £% -
1
L £
| “ I = _. 2
- A L] h 0 _ a
)
_ -1
. U
;




..Mu,.\ &L %“ e '
B B~ "
o 5 o ﬂ_b" 0 1
™ 2 o 1 =3, 215 1
——— _Mmz_ !
a 4 _1111 ! i _%w_ =]
m = = — “11. WMM
&2 £ =i 0w ! STt ‘ - 9 -
S 2 S 8 &2_ T . A
© .m “ 1M, 300_ bommm s ]
LLi o= === mll _M/Uu -y Y T
a g g . oo B8 o ! " _
o - & ! P — ' i 46 ' L oon ! .
= i 5 £ < | 23 SR P AL g wwmf,"
Rl 18
S g 5 - 2% RS 8 reme e f VA : 25
L] e o] [av1 - PR 10 _mml_ _ & ' e \ oo
5 S es > o nmeet- S 183 9% A8 b _ _
= " g =3 oo ! — ! e =0 SRR +o-o- 1
bd — ] = 4._ @1_ - 1 — o ! uo_,ﬂ: -
- — = 1 o i F 21_ N
L L5, I~ < PREGE A )
o ol j=7] ! 112_ 7..1. ) - L - | 06_7(.4._
— -~ = 111_ pt — _QD |||||| .- _100 - 1
o (&) — -+ _10 5_ e . _gm_
lmul o i = bommmm- ! — "ws_ nnU4 0__ ———— ._ '
L QU 2] [34] ﬁnUu. o i bE R 27: m B~ 1 e ]
R @ - & o ol - R = N T
8 e o oo B, _n....:_ — ' DO.mmA.._ -
m (o — 1 Bln Mnf_ s e 1 o O Q.,.IA_nD )
. = £ I — & o _17__ 111111 PR 8_1&_
= ] a, o b = _QA: o ! s _97_
n— o« 0_ ...II" N 2_ [a) S ! —— \ \
3= h = s ! *——— “11_ ~N 2 = QZ_ -
R 8 o | = S0l w8 . =8 = m%nma_,-i
= o= @ RaaiLt ] v 2R '
S S z S o 22l gg 8% &3 e HEIEE
2w @ ..nUu Fomomm : “%%_ ey ] =, & Fmmmm- ! =
< oD < g =) Halatele _11” m& a ol femn- 1
g =2 g Z g: 283 8 g% 9%@%?&
— — |||l. = & LI ) = S .
g £ 5 S B anl e SITLIL P3N
V o ' - _18 o K 1 - t
& | 2 |8 poeoee 5& R S 8 8 boenend
W s ® ., B S CoF g T [ {;L-97"%%"404
= ..m m @ PRy o R > I Y- Fommmmms . t e B E :
o - o~ ] .m on M b b - I o 28 ' -4 2 t " N ——— ™~
N N © 1) = S mt--- _98, 22 3 | 1 ! _ff_
" ~ 1m.l Ny s ! 3 et 3 79 %3_ 10 < -+
o = oy g 5 +.C e 0| ool _I-IL e R 7.%&_26_
5 2 g m.u.,eKoo T " g8 BR $omme- $ommnee _ T RE
[Te) - nmu. |w;f fynd m o N fors Y b == “ @W " %% 1 - -mm m H_ ~ .". lllll .“. O o
-m I vmmsmL+ et ! —m e ~007“ mdi £ | 8&_ oo '
% ._m Q mgMLn.m ] n“b e} m m" — oo : ' S % ! R 8. MW.S M
@ . I llll_ - — [} I~
2 E »y mmﬁ_mcr S = g B8R e 5 SRR 5IRg
£ g .m S g.n < .m m .m = = : B = ! Frmmmmos brd = . - ——— ' g
1] - m . (X3 [P _55 _95_ - 5_ N 3 ——
[} WJO o o .....all - ! B! o ! o0 ' o)
© - HE .m.mmem.ﬁm = @0 R "76_ @0 o = | TQH%D_O *
LLi 7 S g o 5b b0 . 3 =¥ et pooe £ $omm- _ 2IR8 'R
o, > ..wn 5 mgg g g8 ® = DT | ,w,_S---,f .ﬂ g | . 5”7M
— B-2 o = 5 — & = s [ ' . TSy 3 g ey mmam P o
& © B matmL - i P .
> m S .h.aaVJ. .= — vt bt — 22T = = | @ N =] ! -
.|..U.c laVJ mru o | ' . —_ 1ot L o ! i) _A..m“uh_ ) e ©
D o = hel.nl,awmrmqm %] @ o, 2L "wwu T = R Rie X 4_5%_7 y =
[ i~ blhemec ! Q mm_ AU Auiehie el oo ‘S ! Pl “65_14 T
& gy S 528 . g8 g 2 - nn g =YY ot o & £
— ccaaﬂld g o} J3g 3 AR DT ,o,_o.o:-r £
EEEEEEEE ¢ |EBEF 23 = | gl TEIT NN
AR 8823 o |= otl-g 'y S 2 [TV BlOEE = i \g
2898 3 LFEy 2 E 2 |, .m-:-_wpr,i E
S B SEE C3 23 & |8% & ERICIERREL g
%S 8 « e £ 5 S g & £ “ BRI BN
_ - IEE & = CRigk z 1§06 3 a0
'Q B (») ~ tS_uP ; 20 LR
o C(_oa 1 3] r.!..;\.t -
. < © o un.uc 'y & B/ ™
o = _n...h. =3 B A -
0 o' 1 =i
nﬁ_.ﬂn _Oa Lo
_.nm oc_nm &) Hu.n 5
S8SE NOg B z2
_CC o _ne (=)
& 0! .
A _Cm..A (&)

(
(
&z
. ""’/7



2
o
N
o

XLPE cables 66

|

Permissible continuous curreni-capacity during cable laying in air for XLPE cables kV
- +25°C;

- cable laying in flat formation, the distance between phases —cable diameter;

- conductor temperature - +90°C;

- ambient temperature

The load-carrying capacity of high-voltage cables can be calculated under

the following laying conditions:
Table 1.11. Single point earthing currents

- cable laying in triangle formation;
- protection from solar radiation.

- cable laying in the air;

Table 1.12. Both ends earthing currents
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XLPE cables 66-220 kV

Correction factors for XLPE cables 66 - 220 kV

Correction factors for dlffetent temperatures
Temperature °C .5 00t 5 1 10 1 15 ¢ 2 1 25 1 30 1 35 1 40 @ 45 : 50
------------------- D il S il el 2l R I T A
in the gmund ¢ 1,13 ) 1,1 L06 , 1,03 |, 10 , 097 , 093 : 08 , 086 , 082 , 077 | 073
------------------- . T T S L I S S T e RSP AP REP
in the air D121 0 L1800 Li4 1 L1161 1,07 { 1,04 1 10 : 096 [ 0,92 : 0,88 : 0,83 : 0,78
Correction factors for different thermal resistivities of soil
Thermal resistivity of soil, K-m/W E 0,8 E 1,0 i 1,2 ! 1,5 E 2,0 i 2,5
----------------------------------------- B i T Te R e R el Tl de i ]
Correction factor , 1,13 7 105 . 1,6 1 093 , 08 ; 08
Correction factors for different insfalation dephis
Cable laying depth, m E 1 :l 15 E 1,8 E 20 v 22 v 25 ;' 3,0 .{ 4,0 E 50 E 10,0
—————————————————————————— T A e I R R i R BT R R
Correction factor y 105 . 1,0 1098 5 09 09 1 093 [ 09 ; 088 | 08 , 08
Correction factors of cable laying in pipes
I i
Laying conditions ECable laid in pipes partia]lyi Cable lalpc;relsseparate E Cable laid in one pipe
L 3 i
——————————————————————————— D e el I ittt St T R I IR
Correction factor i 0,94 : 0,9 H 0,9
Con‘ectmn factors for numbers of cables
.
' 2 ' ' 6 ‘ 7
i 0,86 i | 0,65 . 0,63
B T + B [
| 0,87 H H K
L + P R i = i
: 0,89 } 1
e + D . |
; 0,9 i ; 1
dmmmmm + R e S L e N el
| 0,92 ' ' i
R et + D i R LA YRR
' 0,94 : X :
L i e + il- ----------- {lv ——————— /
H 0,95 X ' 0,89 : 0,88
B il ) + Fom = fommmmm——— =
; 0,96 : : 0,91 ro091
M N FToTToTmms i
! 0,97 ‘ ! 0,93 ! 0,93
H 0,97 i ; 0,94 : 0,94
K 0,98 ' : 0,95 . 0,95
, 0,98 ' i 0,96 . 095
H 0,98 | | 0,96 X 0,96
YT T AT H R M

i e
/ @er%oluﬁons for powe ﬁaﬁtas !/Es/t;aﬂp HVC




XLPE cables 66-220 kV

Example of calculating of current capacity for 66 — 220 kV cables

Cable line 110 kV

- conductor material - copper;

- conductor cross-section - 800 mm?;

- installation typie —in ground;

- type of installation — close trefoil;
-laying depth -3 my;

-number of circuits - 2;

- distance between parallel circuits -1.5 my;
- cable screens earthing ~both ends;

- ambient temperature +30°C;

( "nad factor-1;

aermal resistivity of native soil —2.0 Kem/W.

According to tables, current capacity for standard cable laying conditions {cable with a copper conductor with cross-
section 800 mm? with both-ends earthing and a load factor 1.0 }is 816 A.

Correction factor:

_Correction factor for different instalation dephts K1=0,91;

Correction factor for numbers of cables K2=0,92;
Correction factor for different temperatures K3=0,86;
Correction factor for different thermal resistivities of soil K4=0,85.

Permissible continuous current (ACC) for the above condifions can be calculated by:

( Toer=Ist-K1-K2-K3-K4 =816-0,91-0,92:0,86:0,85+499 A *

"~ The exact value of the permissible continuous current is determined after calculation of TEC 60287 method.




XLPE cables 66-220 kV

Formulas for auxiliary calculations

1. Dynamic forces in case of short-circuit

0.2
F= 'S—'[%mx [N/m]

where I -251_[KA];
I~ short-circuit current [KA);
s —distance between cable axes [m];
F —maximum force [N/m].

2. Electrical stresses

Uy
Emax = ——F_ [kV /mm] Emin = _"77;" [kV /mm]
1 hl( ) Te . ln _€

# ~

where: r,—outer insulation radlus [rum];
t,— inner insulation radius [rm];
LI —nominal voltage{kV];
E” —electrical stress at conductor screen [kV/mmy];
—electrical stress at insulation screen [kV/mm]}.

3. Dielectric losses
W=2-n-f-U2-C-tan(8) [W/km]
where: f-frequency [Hz];
LI, —nominal voltage [kV];

C — capacity fmk¥F/km];
tan(5) — tan of dielectric losses.

4. Induction and inductive resistance

kb
( L=:2-1nc?7—)-10"1bn6n/kg]

where: k=1 trefoil fonna%on, k=1.26 flat formation;
b —distance between axes [mm);
r — average radius of the conductor [mm].

(/2//{2 w /oL [Ohm/km]

1000

where : f- frequency [Hz];
L—inductance [mGn/km];
X — inductance resistance [Ohm/km)].

5. Maximum one-second short-circuit current
ISC

I, =
Cse
where: I, —maximum one-second SC current [kA);
I~ shortcircuit current [KAJ;
e durationo )he short-circuit current [s].

@GOégiiﬁﬁiﬁiﬁﬁ;fiﬂj



i XLPE cables 66-220 kV

Earthing/cross-bonding cable

Earthing/cross-bonding cables are designed for transposition and screen earthing of XLPE cables. They can also
be used as an additional earthing cable which is used as the connecting earthing points of cable screens when the
cable line is earthed single-sided. The additional earthing cable can be used when it comes to single-sided erthing
to keep down induced voltage occur in short-circuit fault.

\
Technical specification of earthing/cross-bonding cable
Conductor cross-section (S) I mm? 240 i 400
———————————————————————————————— B el e el e e e
Cable sheath thickness : mm : 3,5 X 3,5
| L e e L e M m T m e = — fm - —— - foemm—mru R, —— - [
_ _C_abIe diameter (D) X mm : 251 1 30,6 |
Weight v kgkm 2414 | 3911
R il i il Famn - - - P L dum et -
Min banding radius(10-D) { om0 021 1 0306
-------------------------------- P e I e et e i
- N 1] 1 F
oCoru:luctar resistance against DC, at 20 L Oml : 0,754 | 0,0470
C, Cu P ' i
(, Permissible short-circuit currents for earthing/cross-bonding cables

Conductor heating temperature:

Jbefore short-circuit  40°C
-after short-circuit ~ 80°C

Permissible one-second SC current




XLPE cables 66-220 kV

Load factor

Load factor % - average energy load to the maximum peak load during a period. Most clearly, the load factor canbe
determined from the schedule of CL load.

Example of the CL load schedule

et m————— ,___.*_:- —
L]
£
]
1
t
]
L
:
; i cyT
max i PCP
)
B
1
]
]
1
]
]
.
T T T i =
20 24 t,u
(

From the CL load schedude you can see that the load factor is equal to 0.6. The exact value of the load factor may be
determined in the Regional Dispatching Office of the power system. The load factor can be calculated from the daily
load schedule::

hives (P * t0)

I, = 2L

24

where: £~ the period of i-time duration
P, (%) - the ratio of power in the i-th time interval to the maximum power.

i f.rér/wﬁrétmﬁn HVC &
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XLPE cables 66-220 kV

Short-circuit currents

Short-circuit current for all types of cables is calculated on the basis of the following conditions:

conductor temperature: copper and alloy screen temperature:
-before short-circuit 90°C -before short-circuit 70°C
-after short-circuit 250°C -after short-circuit 350°C

Lead sheath temperature:

--before short-circuit 70°C
—after short-circuit 180°C

«~{1.PE cable can be overloaded with temperatures up to 105°C. Emergency overloads do not considerably affect
_able service life. The total duration of the overload mode should be no more than 100 hours per year and not more
than 1000 hours for the service life. One-second long permissible short-circuit currents along the conductor and
through the screen should not exceed the figures presented in the Tables.

Permissible one-cecond short-circuit cuxrent in the conductor
C"“d““"rnf;‘:fs'secm’“'i 185 | 240§ 300 | 350 + 400 | 500 ! 630 | 800 | 1000 | 1200 | 1600 ; 2000
Cu conductor D265 | 343 | 429 1 50,1 1 572 1 7151 901 11144 14 11728} 230 | 288
Al conductor | 175 227 1282 1 331 1 37,6 1 47 1592 1752 1 931 111431 152 190
Permissible one-cecond short-circuit current in the screen
(Copperscreencross- . g5 1 gy 1ozg 95 1120 | 150 1 185 | 210 | 240 | 265 | 280 ; 290 | 300 ! 310
______ secton, mma? _ L e bbb
Lead sheath cross- 1 549 1 383 1 551 1 769 1 968 £ 1199 } 1493 1 1732 1 1963 | 2197 | 2288 | 2385 | 2458 | 2562
______ section, mn? 1 L e
( Short-circuit current, KA | 6,8 1 9,8 13,6 117712291 282 + 347 | 40,0 1 452 { 50,4 | 52,4 | 547 | 563 | 586
Permissible one-cecond short-circuit current in the screen
Alloy screen cr0ss- 1§ 55 | 50 1 70 | 95 + 120 1 150 | 185 | 210 1 240 | 265 | 280 1 290 1 300 ! 310
section, mm’ 1 1 1 i ) 1 1 1 T 1 T 1 | 1
" Short-cireuit curren P R ;YT I YT v R
Ori-Clreul [OWICRL 1 441 64 1921122 1156 1 190 | 23,4 | 269 13041 34,0 1 35021 368 1 378 ¢ 394

In the case of short-circuit, apart from the heating, the dynamic forces between cable phases have
to be taken into consideration; their values can be significant. 1kese values Q¢ impartant for cable
clamps.




XLPE cables 66-220 kV

Cable laying conditions and testing after high voltage cable laying

During XLPE 66-220 kV cable laying the bending
radius should be not less than 20xD, where D —
outside cable diameter. When cables accessories
installation is carried out with the use of a special
template the preheating, minimal bending radius
should be at least 15xD.

During cable laying use a cable sleeve or pulling
eye, pulling force should not exceed the following
figures:

F=5x50 N/ mm? — for copper conductor,
F=5x30 N/ mun? — for aluminum conductor

where 5 — conductor area of the cross-section,
min?,

Ambient temperature during cable laying should
not be lower than -5°C. If cable is preheated the
cable laying can be carried out at the following
temperatures:

-15°C — for cables with PVC-plasticate sheath;
-20°C — for cables with polyethylene sheath.

After cable line installation and commissioning, each phase of the cable and its accessories should be
tested by increased AC voltage of 128 kV during one hour with frequency of 20 to 300 Hz. As agreed
between manufacturing company and customer, it is permitted to conduct testing by nominal working
AC voltage of 64 kV during 24 hours without load, instead of the test by increased AC voltage. The
test by increased DC is feasible, but not recommended, and only as agreed betwegen ufacturing
company and customer.

Cable sheath has to be tested by DC of 10 kV, applied between a metallic screen and ear
minute.

During cable laying of Estralin HVC production the requirements of «Maintenance of XLPE cable
laying 110-500 kV, NeTD-16-01P» should be met.
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Estralin
High Voltage Cables Plant

111024, Moscow
Box office a/a 130
2nd Kabelnaya Str., bld 2

Tel.: +7 (495) 956 66 99
Fax: :++7 (495) 234 32 94

e-mail: info@estralin.com
web-site: www.estralin.com

Information:

We reserve the right to introduce to the present
catalogue technical alterations or corrections
without notice. When ordering equipment, only
mutually agreed data shall be valid.

Estralin HVC shall not be responsible for any
potential misprints of losses of information in the
catalogue.

All rights to the present document, both to the
test and to the figures, belong to Estralin HVC.
Any reproduction, complete or partial, without
a written permission from Estralin HVC is
prohibited.
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www.estralin.com w\&f

or corrections without notice.
When ordering equipment, only mutually agreed data shall be valid.



110-220 kV

wWww.arkasil.com -

000488



AFKasiL .

HISTORY OF
THE COMPANY

- ! - ) e

* Arkasilis the first and thie only Russian compdnyoffering owned-
" Applicable innovation -design:methods and.more than, 10-years experience;of.ou employeé
. mounting and tests of HV ‘and EHV cables-and ¢able actessotios make Arkasil the leader.in the
market. Dynamic development of the_.company, optimization.of :
policy allow us to set ambitious objectives and. be & ser US GO
accessories world-wide. : ’ '




xels operate' onily with 1he Iea_ ng mternatsb
ahty management system s deveioped and- lmp!eme

s, Connnuous control of matenal quahty p_iroduc’uon processes and omp te,p
“ou ; od_u__t with the stated

I uringro 2 CO

and requ rements of mternatuonal and Iocaf stan ards

S env&ronment and energy eﬁlc;[ency issues _Enwronmen _ 'ageme
lmplemented and applied at the company in ccordance wut ,ESO 14001




ATKaSIL.

R

Rl
SR

&

(2
<
2
i

2 B

>

i

A
T .-\.,

S

S

h

iy

d
by

i

e

s
b

U
e

i
hy

=
)

I
g

w,}

T

S

A
;
-rﬂvu ., ’.,

000431







Arkasil terminations 110-220 kV with composite type insulator are used for cable lines connection with power-
supply systems. Terminations are used for outdoor and indoor installation for XLPE cables 64/110, 76/132,
150/170 kV,127/220 kV (conductor cross-section 185-2500 mm?).Terminations could be produced for XLPE
cable with optical fibers (OF) screen which are used for temperature monitoring.

Main parts

Insulator:

scomposite type porcelain Insulator with glass fiber,
reinforced epoxy resin tube and silicone rubber, the
color of sheds - light gray;

stop and bottom flanges glued and sealed to the
composite insulator.

Cable end: .

spre-molded and factory-tested silicona stress cone;
¢cable end;

shase plate;

*branch pipe with flange;

ssupport insulators;

*seals and fixing materials;

sunpressurised synthetic oil as an insulating compound;
soptical fiber. .

Connector

Stress-cone

Branch pipe




Labeling of high-voltage cable termination

BMOPH

T

MKB 126 - Cy 1000 _ /185~ 4300

—F Lt o] [ Wnhuthut

Types of cable terminations:

Minimal creepage distance,
Creepage distance for standard
termination do not show:

3670 mm—for MKB 126

4300 mm--for MKB 145

7636 mm—for MKB 252

35..,400~ Cu screen cross section
(Al 35...400-In case of Al screen)

M — Solid rod conductor

185...2500 — Conductor cross section

Cu, Al - Conductor material

126, 145, 252 —~ Maximum system voltage

MKB — High voltage cable termination

Area of application

B-bolted connector

M-welding connection between conductor

and termination connector

O-Termination has optical fiber output

P-Termination with porcelain insutator
H-Termination for armored cable

Type MKB 126 MKB 145 MKB 170 MKB 252
Phase voltage L RV T84 .76 . . 87. o127 -
Line vo!tage KV 110 132 150 220
AMaXImum system vo[tage o KV 126 k 145 R 252
Cable conductor Cross- sect:on range mm2z 185 + 2000 185+ 2000 185+ 2000 400+2500
Maximum cr_;tb!e sheath s o 118 115 S .-11'5 126 -
'dlameter o s I, R :
Maximum cable insulation diameter mm 91 91 95 108
Installation options MKB 126 MKB 145 MKB 170  MKB 252
Onsupport 4 P
On high- voltage power transmission ||ne + + + N +

High voltage - 4t B \\ RN

2

0"




Technical data

Electrical parameters MKB 126 MKB 145 MKB 170 MKB 252
ST 160KV " - 190KV 218 KV 318V
AC VO_"‘E_IQQ withstand test for 30 min - for 30 min for 30 min for 30 min
Partial discharges <5pCat9rV <5pCatit4rV <5pCati31kV <5pCat 190 kV
impulse voltage (104/10- impulses) ~ 550KV- 650KV 750kY 080KV
Climatic characteristics MKB 126 MKB 145 MKB 170 MKB 252
Environmental ¢ondition class . Utz L UR2 Ut,2 ut,2
Nominal operating current
Limited by cable specification
Stress cone routine tests MKB 126 MKB 145 MKB 170 MKB 252
Tt e Dot 60KV L 190 KY 218KV 318KV
AGC voltage withstand test  foraomin:in . -for 30min " for 30 min for30min -
Partial discharges <5pCat96 KV  <5pCat 114 kY <5pCat 131KV <5pC at 190 kV
Technicai parametrs MKB 126 MKB 145  MKB 170 MKB 252
Hollow insulator type ' cqmbosil ,-pio\('cé!éih composit ) porc comp. pore.  composit éc}rcelaiq '
Termination length (L) MM 1300 1443 1622 1622 1443 1888 1622 1923 2500 2500 2624 2500 2500
Creepage distance L T S ‘ R
length - MM 3670 4300 3200 4600 4300 4520 4600 G060 7820° 7636 aqga.sjsiz_;é?u?_}
Pollution level in accordance S VN N A Y (VN A I
with |EC 60137
Volume of compound.. - . 28 a2 38 89 -32 88 30 42 70 20 216 170 170
Weight kg 104 108 332 362 108 113 362 188 690 400 430 690 770
‘Maximum allowedforce on -\ a5 54528 28315 285 28 2200 5000 5 476 5. _--f5-.i ;

. top connector
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Straight joints MCB 126, MCB 145, MCB 170, MiCB 252

Arkasil straight joints 110-220 kV are prefabricated silicone joint, designed to connect high-voltage cables
110/132/150/220 kV with XLPE insulation (conductor cross-section 185-2500 mm?) with direct connection wire
screens. Factory produced and tested silicone joint-body is the main elernent of joint. Joint body is made of high
quality silicone rubber (LSR) and contains conductive deflectors and middle electrode for electrical stress
control. Straight joints could be produced for a different connection schemes of cable screens and with different
outer covering.

Main parts

«copper or components wire connector (screw connector or compression sleeve);

» pre-molded silicone insulator - joint body (with premolded field smoothing elements);
esealing materials;

stapes (semiconductive, conductive etc.);

» heat-shrinkable protective tubes and collars;

s coffin box;

s copper casing;

sfilled coffin box or copper casing.

MCB 126 / 145 /170 /252

HV cable

Protactive coller Heat-shrinkable tube

Metal electrode

Joint body

Winding

HV cable
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Labeling of high-voltage cable joint

In case of cable connection with 2 equal construction,

cable specifies only cnes.

—

MCB 126 -

I'

— L ' [l i analier BY 8 S T

l——'—l—|
y 1000,/ 185- Al 350 M/ AL160 TBMOACXHP |

35...400— Cu scresn

cross section

(Al 35,..400- in case of

Al screen)

M — Solid rod conductor

185..,.2500 — Conductor cross section

Cu, Al — Conductor material

a5...400- Cu screen cross section
(Al 35...400- in case of Al screan)

M ~ Solid rod conductor

185...2500 ~ Conductor cross section

Cu, Al - Conductor material
" 128, 145, 252 — Maximum system voltage

MCB - High voltage cable joint

Area of application

Types of cable joints:
T- Transition joints
B- Conductors connection by bolted sleeve
M- Conductors connection by welding
0O- Joint with optical fiber connection
A~ Joint with water barrier by laminated
aluminium foil
C- Joint contains copper casing
X- Cross—bonding joint
H~ Joint for armored cables
| P— Joint contains coffin box

Type , MCB 126 MCB145  MCB 170 0B 252
‘Phasevoltage = - . .~ - - wV 64 76 L 87 SRR
Line voltage KV 110 132 150 220 \\\
Maximum system voltage = &V 126 145 170 252
iﬁ;g conductor cross-section mm? 1852000 185+2000  185+2000 400 +2500
Mexdinum cable sheeft] - mm. 115 5. .. 126 ... 126
diameter L R - - o ,
Maximum cable insulation diameter mm 91 91 108 108
Rated minimal insulation thickness -~ mm ~~ = 10,5 145 2 - 14 20
. installation optlons MCB 126 MCB 145 MCB 170 MCB 252
On support 2. , + D+ R S
On high-voltage power transmission line + + + +
High voltage : ‘ + Sy + +.




Technical data

Electrical parameters MCB 126 MCB 145 MCB 170 MCB 252
e 160 KV - 190 kV 218KV 318kV.
AC ."9“593 withstand test for30min - . for-30 min for 30 min . for 30 min
Partial discharges <BpCat96krV <GpCatitdry <5pCati131kV <5pCat190kY
ImpulseVoliage (104/10- impulses) S50 KV . 650KV | 750KV 1050 KV
Current load rating MCB 126 MCB 145 MCB 170 MCB 252
o e limited by cable  limited b{( cable limited by cable . limited by cable
Rated operational current- specification specification specification . spegification
L limited by cable  limited by cable  limited by cable limited by cable
Short circuit current specification specification specification specification
Stress cone routine tests MCB 126 MCB 145 MCB 170 MCB 252
e o 160 KV 190KV . 218KV T 318KV
AC voltage. withstand test - for 30 min for 30 min “for 30 min . - “for 30 min
Partial discharges <SpCatopky  OPCETM <ORCAUIST 550 ar100 kv
Climatic characteristics MCB 126 MCB 145 MCB 170 MCB 252
Temperature - . - ute = 7 U2 S e 2




Cable sheath test voltage MCB 126 MCB 145 MCB 170 MCB 252
R ' 10 gV 10 KV. 10 KV . 10 KV
AC voltage Cwithin1min ~ withinimin  within 1 min .~ within 1 min
20 kY 20 kY 20 rV 20 vV
DC voltage within 1 min within i min  within 1min  within 1 min
Test voitages of the cross-
bonding joints MCB 126 X MCB 145 X MCB170X MCB252X
Impulse voltage (10:+/10- impulses) 75KV 75KV 475V 475KV
25 kY 25 gV 25 kY 25 kY
DC voltage within 1 min within 1 min ~ within 1min  within 1 min
Test voltages between
transposition wires MCB126X MCB145X MCB170X MCB 252X
U 25 KV o5 RV. 95KV - 25 KV
DG voltage - within 1min - within 1 i within1 min