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Mpunoxenne N2 1 koM lMpearioXeHne 3a U3NBLIIHEHMe Ha AoOPbUKaTa — 3aBepeHu KONWs Ha
KaTanoau Ha npeanaraduTe MaTepwanu, anapaTypa, oGOpyABaHe U ChOPBKEHHUA







Npunoxenve Ne 1.1 3aBepeHo Konue Ha Katanor na OrpaHdMuuTen Ha MNpeHanpexeHue
(BeHTUNHKM oTBOAM) 3a HoBa KEIT1 110 kV - 1 komnnexT (3a npexoneH nopran ,,KEN - BENY)







Zinc Oxide Surge Arrester PEXLEM P-X
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Data Schedule

Tender 1D:  Pos:

ABB High Voltage Products

Data schedule: Surge Arresters
DIMENSION DRAWING: 1HSA134-8664

PEXLIM P-X
P096-XV123
1 General data _—
Design ZnQ, Gapless
Manufacturer, country ABB
Applied standards [EC
Catalogue 1HSM 9543 12—-00en
Maximum system voltage (Us) kVrms 123
Arrester classification as per IEC 60099-4 Ed 3.0 Station; SH
Nominal discharge current kApeak 20
Rated voltage {Ur) kVrms 96
Maximum continuous operaling voltage (Uc) kVrms 77
Frequency Hz 15-62
TOV capabllity (after thermal energy rating, Wth)
1s kVrms 106
10s kVrms 100
2 Charge, energy and current withstand data
Repetilive charge transfer rating, Qrs c 3.2
Thermal energy rating, Wth kdiky (Ur) 11
Discharge current withstand strength
High current, 4110 ys kApeak 100
Low current, 2000 ps Apeak 1600
Single~impulse withstand rating {IEEE), Repetitive charge transfer c 4
test value (IEC) ~ sample tests on all manufactured block batches
Energy data as per previous IEC standard IEC 60099-4, Ed
2.2
Line discharge class Class 4
Energy capability - thermal energy capability
(as per IEC 600994 Ed 2.2, clause 8.5.5) kdfkv (Ur) 1
3 Guaranteed max. protective data
Maximum residual/discharge voltage
with current wave 30/60 ps (slow-front/switching)
0.5 kA kVpeak 182
1.0 kA kVpeak 188
2.0 kA kVpeak 194
with current wave 8/20 ps {fast—front/lightning)
5.0 kA kVpeak 208
10 kA kVpeak 219
20 kA kVpeak 240
with current wave 1/(2-20) ys (FOW as per [EEE, steep
front as per |EC)
External inductive effects neglected.
10 kA kVpeak 233
4 Technical data for housing
Short-circuit capability
High current, 0.2 s kArms 65
Low current Arms 600
External insulation
Requirements as per IEC 60099-4
LIWL, 1.2/50 ps kVpeak 312
50 Hz, wet (60 s) kVrms 1486
SIWL, wet {250/2500 ps) kVpeak ’ 243
Tested values on empty units/modules housings
LIWL, 1,2/50 ps kVpeak 800
50 Hz, we (60 s) kVrms 374
SIWL, wel (250/2500 ps) kVpeak 660

mm
.. mmikV (Us)

Insulator colour / fnateri

© ABB AB 2015, All¥ights te thls document and its information ard} ';_4.
pariies or unauthorised persons without our prior written consent ig%
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PPHC/AKB 2014-10-06

TOV CAPABILITY FOR ARRESTERS TYPE PEXLIM P-X

and PEXLIM P-Y
Expressed in multiples of the rated voltage U, (T,)
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1HSA802 080-01
Edition 2, 2015 - 03

SUMMARY OF CUSTOMER WITNESS TESTS

Routine fest requirements

The minimum requirements for routine tests on surge arresters are specified by IEC and IEEE. The tests
performed by ABB fulfils or exceeds the requirements according to IEC 60098-4 or IEEE C62.11, as
applicable for a specific order,

The routine tests performed by ABB comprise the following, as applicable:

« Residual voltage (Discharge voltage) at 10 kA (8/20ps) Is individually measured on each MO
resistor, The residual voltage of the complete arrester is taken as the sum of the residual voltages of
the MO resistors in series.

« Tightness (Seal) check on arresters with hollow insulators having enclosed gas volume and separate
sealing system is made on each unit in a pass/no-pass test. Maximum permissible seal leak rate is
0.0001 mbarl/sec at a pressure difference of 0.1 MPa.

« Reference voltage (Power frequency resistive current) is measured on each unit.

« After the application of at least rated volilage on each unit for a minimum of 10 seconds, the test
voltage is decreased to 0.9 times rated voitage of the unit (being a higher voltage stress than
required by IEC or IEEE) . At this voltage each unit is checked to have a steady partial discharge
level less than 5pC,

Power losses are measured at continuous operating voltage on each unit.
+ Grading current is measured at continuous operating voltage on each unit.

Witnessing of routine tests

ABB accepts inspection and witnessing of these routine tests by Final Customer, Consultant or Purchaser,
provided this is undertaken at the time of production and in accordance with our planned schedule.
However, unless an extended visit is planned, not all tests can usually be withessed for practical reasons,
For example, the Residual Voitage (Discharge Voltage) test is performed during daily production of the MO
resistors, which can oceur a significant time before their assembly Into the arresters.

If no Inspector Is available at the time for the tests, we reserve the right to perform the tests according to our
planned schedule and present the test report to the Inspector.

Acceptance tests are not considered necessary nor value-adding to secure the performance of ABB surge
arresters due to the extensive testing program already undertaken by ABB (type, routine and sample).
Consequently, acceptance tests are not performed unless specifically agreed upon in advance. Unless
otherwise agreed, customer withess of tests on surge arresters from a specific order are hence fimited to
the following repeated electrical tasts from the above list, performed on an agreed number (maximum 10%)
of samples from the actual order, with all testing made on individual units of the arrester:

Reference voltage

+ Partial discharge

+ Power losses

o Grading current

During customer visits, we welcome the opportunity to provide a tour of our facilities and, if possible, show
the production of similar equipment from other customer orders.

ABB AB

High Voltage Products

James Taylor

Technology Support Manager

Principal Specialist/ Surge Arrosters

ABB Ludvika, Sweden
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ith ABB surge arresters

L

oNns w

Installat

PEXLIM surge arresters connected to the 420 XV the sacondary winding on o step-Up transiormoer In 2 nuclear powor plant

EXLIM surge arrostars protacting a 420 kV powor transtatmor

PEXLIM surge arrextors protocting a cable ontrance

TEXUM surge arrpstors connocted to the line sntrance

L LU
SENIRENGS

PEXLIM surge srrosters protecting a 420 kV pewor transformar in Norway

* PEXLIM surga ar‘watn_fs_prdlu:ﬂng a 420 kY power transformer In Swoden

126 Technical nformatlon | ABB Surgo Arrosters + Buyer's Suide

ABE Surgo Arrestors — Buyar's Guide | Technical mformanon 125
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KABELOVNA Délin Podmoldy s.to,
Ustecki 64733, 405 33 D&tin §

Crech Regubiic
I D . DIC (226759993
. tel;; +420 412 706 222

wawlabidimna.cz

6.5.2016 ver.8

JIA-DQ(BN)H 4%2,3 max. 48F

Multi Loose Tube Cable «q

This cable is Is suitable for indoor or outdoor use, The cable has standard level of redent protection.

Black FR-LSZH outer jacket, UV stable

{Other colours ovailoble on request)

B Water blocking E-glass

Water blocking yarn

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

Gel filled loose tube with optical fibres

Rip cord

Order example

2100 m §/A-DQ(BN)H 48E9/125 G.657.A1 jacket coulour BLK, cable specification LEO2

. Fibre colour coding Fibre Type
(- According to IEC 60304 Single made flber 9125
1 Red 7 Brown Multi mode fiber 50/125
2 Green 8 Violet Multi mode fiber 62,5/125
3 Blue 9 Turguoise See the Fibre Specification sheet
' 4 Yellow 10 Black
5 White 11 Orange
* 6 Grey 12 Pink ; e -
i Other fibre colour sequentes available on request Sheat Ma rkln
L Print colour White
— s Print method 1NK-Jet
I Tube colour coding Print legend manufacturer’s name, Job number, type of
| . cable, length marking @ 1 mintervals
i 1 Red Other print legends availuble on request
: 2 Green L
' 3-4 White o
inthe tose of lower number of fibres some tubes ore repluced by uncoloured fillers Packaging Standard put'un !ength Drum Sile
Other tubes colour sequences avallable on request
(\ Plywood 2100 m 5 %, other lengths on request  1000x640%600
\ ) Plywood 4100 m 5 %, other lengths on request ~ 1200x640x600

SR

AN
)

Vi At — g
%}(DP ressrves the right to change the values in this document withet prior notice. KDP Is nol responsible for any acﬁr_:{ fa??:?ﬁ}f;su&ht))o 1
This document is properfy of KDP. This documant or any of its part§ are not alovred fo be redistributed without explict \can gnl\‘bfmﬂ :
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Multi Loose Tube Cable

D: LEOZ2

i€

KABELOVNA D3Ein Podnmwy 580
Usteckd B40/33, 405 33 Dn 5
Czeth Repub'ic

pit €226759993

tel.r +420 412 706 222
wawkabsloma

6.5.2016  ver.8

J/A-DQ(BN)H 4%2,3 max. 48F

Mechanical and Environmental properties

Test Value | Unit Method
Cable outer diameter 8,910,4 mm EN60811-1-1
Cable weight 86 kg/km
Outer Jacket thickness 1,5 mm
Loose tube diameter 2,3 mm
Max, tensile strength 1400 N EN 60974-1-2-E1
Crush resistance test 2000 N EN60974-1-2-E3
Number
impactresistance test 3 of. EN 60974-1-2-E4
impact
MIn. bend radius (no load) 15 x 0D EN60974-1-2-Eila
Min. bend radius {load} 20 x 0D EN60S74-1-2-E11b
Moisture resistance test pass EN 60794-1-22-F5
Installation -15t0+50°C
Temperature range Operation 40 to+70°C EN60794-1-22-Fi
Storage 40 to+70°C
. EN60332-3-22 {cat.A)
Fire properties ~Flammability pass .
CSN EN50266-2-2
ENS0267
Fire properties —Acid gases pass EN50267-2-2
EN50267-2-3 |
ENB1034-1
Fire propertles —Smoke density pass
EN61034-2

Cablelife time - minimum 30 years
P

L,
KOP reserves the right fo change the valuas in this documant Bithoul prior notice. KD is nol rasponsibla for any aclion taken pu.rs(arfiu- this, ‘doc
This document or any of its parts are not alowed to be redistitited without explick consent of KDP. f
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MpunoxeHue Ne 1.3 3asepeHo Konue Ha karanor Ha'ny cunos kaGen 110 KV AL 1600 mm2 u
KaBenna apmaTtypa (rnasu u Myhu)
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XLPE power cables

Cables 6-35 kV and 110-220 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 to cables (i.e. reliability,
functionality, low costs of maintenance) are
obvious they should be thoroughly met because
their violation can cause considerable financial
losses.

Cable’s service life should be long; their function
is to provide continuously the consumer with
sufficient amount of electric power. Unlike cables
with paper-filled or oil-filled insulation that
find limited use from year to year, cables with
cross-linked polyethylene insulation (Russian
designation is — C1I9, English' - XLPE, German-
VDE, and Swedish - PEX) meet that requirement
in full,

}}%‘;{%»

)
i

)
s

Medium and high voltage XLPE cables due
to the design, modern production technology
and perfect materials have better electric and
mechanical properties and the longest service life
among other types of cables of mass production.

XLPE cables transfer capability is substantially
higher than that of cables with paper or oil-filled
insulation. According to international standards
procedure, the cable is designed for continuous(
service with conductor temperature of 90°C and
it is still active under emergency conditions even
athigher temperatures, while oil-filled with paper
insulation cables can withstand heating only to
70°C.

2 . Modem solutiens for power cables | Estralin HVC
B
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Production technology

Advantage of XLPE cableis its environmental safety.
Absence of liquid inclusions ensures maintaining
clean environment, which permits its laying at any
projects and service-free maintenance of cable lines.

Due to its single core design, cable laying is
easier, as well as the installation accessories, even
in the most extreme conditions. Cable laying is
still possible at temperatures up to ~20°C with
polyethylene cable sheath.

XLPE cable production technology was first
introduced in the 70s of XX century. 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-

During production of XLPE cable a special attention
is paid on the purity and quality of insulating:
materials, asany inclusions released to the insulation
reduces the life of the cable. It is for this reason,
the concept of clean rooms, excluding ingress of
foreign particles, as well as interaction with reliable
suppliers of high quality raw materials, are one of
the foundations of the production of reliable cable
with a long trouble-free operation time.

It should be stressed that insulation and electrically
conducting screens are applied in the process of
triple extrusion followed with the simultaneous
cross-linking of all three layers. Such a technology
ensures high adhesion between the screens and
insulation.

Advantages of the enhanced design and modern
production technology of XLPE cables have
determined their universal application in developed
countries and notable decrease in the use of other
type cables.




Estralin HVC - a pioneer in Russia’s
XLPE cable production

Theaim of the plant “Estralin High Voltage Cables”
(Estralin HVC) is introduction of innovative tech-
nologies in the field of power cable production.
Providing high-quality production and services,
we are helping our customers to raise their
competitiveness and reduce the adverse impact
upon environment, _ .

Estralin HVC pays attention to technologies
development and advancement that provide
high quality of manufactured products. Only
best materials of leading world manufacturers
are used for cable insulation. These are peroxide-
cross-linked polyethylenes, triingostable (TSPE)
and copolymer (CCPE) polyethylenes, High
skilled personnel and the use of high-quality basic
materials are the key to perfect production that
complies the requirements of advanced Russian
and international standards and equals its West-
European counterparts.

Modern solutions for power cables | Estralin HVC

Continuous control over all phases of the process,
starting with the choice of cable and accessories
at the design stage and up to commissioning
of completed cable line, permits the Company
fully satisfy customer’s requirements to modern
cable lines. A systematic approach of complying
international  quality standards has been
introduced at the factory.

High emphasis is placed upon environmental
aspects of the production. Estralin HVC’s
successes in development and introduction of
quality assurance systems and environmental
management have been recognized by the largest
independent European certification Company,
TUV CERT: the Plant was awarded certificates
of conformity with regulatory requirements 1SO
9001 : 2008.

(




Main types of products and services

A main activity of Estralin
HVC is XLPE cable 6-220 kV
production, which use in insu-
lated or earthed networks.

S
A

All cables, by their design,
technological data and servi-
ce characteristics comply
the international standard
requirements: IEC 60502-2 (6~
35 kV cables), IEC 60840 (110
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 cable
accessories;

—~ technical support at all stages of
cooperation.



Markings

Conductor material | Without designation

Screen

Armouring

Sheath

! LWL (following screen designa-
! tior)
1

Copper conductor’
Aluminum conductor

Segmented conductor

PVC insulation

XLPE insulation

Copper wire and copper tape screen

Copper wire and copper tape screen
around each cable conductor

Watertight screen from swelling tape
which provides longitudinal water sealing

Watertight screen from swelling tape

which provides Jongitudinal water sealing and lami-
nated polymer

Wires armouring from galvanized steel

Armouring: tape from galvanized steel winding with 2
spirals in the opposite directions

Armouring from double steel tape

Armouring from galvanized steel wire of coaxial shape

PVC sheath

XLPE sheath

Halogen free flame retardant sheath

B 6 - Modem solutions for power cables | Estralin HVC




6-35 kV XLPE cables

Comparative characteristics

Maximum permissible temperature
under short-circuit current flow, °C

Level differential at cable laying operation, m

: : Paperinsulated cables

' 6-35 KV XLPB-cables ' __ .- __.__ __...._.._]
: } 10KV . 20-35KV
: 90 L0 ! 65

: 130 f90 : 65

! 250 L2000 130

-20 E 0 5 0

; 2,4 L4 4,0

i 0,001 0008 1 0008

3 not limited r 15 i 15

Main advantages of XLPE-cables are:

big cable transmission capability due to
increased conductor permissible temperature
(permissible load currents are 15-30% higher
than those of paper-insulated cables, depending
on cable laying conditions);

high-current thermal stability at short circuit that
is of a special importance when a cross-section has
been chosen on the basis of short-circuit nominal
current only;

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

feasibility of cable laying at temperatures up
to - 20°C without preheating due to the use of
polymer materials in insulation and screening;
low specific damageability (practice of XLPE-
cables employment demonstrates that their
damage resistance at least is 1-2 orders lower

absence of any liquid components (oils), and
therefore, time and cost of cable laying and
installation is reduced;

single-core design permits cable to produce
with a conductor with cross-section up to
1000 mm?2 that is optimal for a large-power
transmission;

large lengths for construction: up to 2000-
4000 m.

Take into account that the main type of single
core cable faults are single-phase short circuit;
it is possible to confirm that repair costs are
drastically cut.

Strong insulation provides enormous advantages
at the cable laying over a sloping, hilly or rough
terrain, i.e. along the routes with considerable
level difference, in vertical and inclined collectors.

: .‘solut_ior,l_'_q for powar 7

N
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Design

6, 10, 20 and 35 kV XLPE cable consisis of a
round copper or aluminum stranded conductor, a
semiconductive layer over the conductor, a cross-
linked polyethylene insulation, a conductive layer
on the insulation, a conductive tape, a screen of
cooper wires and a copper band, a separating
layer, a high-density polyethylene sheathing,
and a PVC plasticate sheathing or PVC plasticate
sheath of reduced combustibility with reduced
smoke and gas emission, or a sheath of halogen-
free polyethylene composite.

8 . Modem solutions for power cables | Estralin HVC  1is -5

In order to ensure the screen longitudinal sealing, a
water-blocking conductive tape can be used in place
ofaconductive tape, and a water-blocking conductive
tape layer can replace a separation layer,

Cables indexed «FL» are provided with an alumo-
polymer tape sheath welded to the polyethylene(
or PVC sheath apart from having longitudinal
sealing. Such a design creates an effective diffusion
barrier stopping penetration of water vapors; and
an outside sheath of black polyethylene provides
protection against mechanical damage.

Field of application

2X52Y, A2XS2Y, cables are used for underground
lines for complicated sections of the routes, as
well as for overhead lines providing proper fire
protection. Cables with longitudinal sealing could
be used for underground lines in humid soils and
in damp, partially flooded premises.

2XSY, A2XSY, 2XS(FL)Y, and A2XS(FL)Y cablesare
used for cable structures and industrial premisesy
(2XS(F1)Y and A2XS(FD)Y - in batch laying), and
also underground in dry soils.

2XS(FL)Y-LS and A2XS(FL)Y-LS cables are
intended for stationary overhead batch lines, in
cable structures and premises that have specified
limitation on smoke consistency in fire situations.

2XS(F)Y-HE and A2XS(FD)Y-HF are used for
stationary electrical " installations inside public
and industrial buildings limited by requirements
cicting impact of corrosive gases,

b -
N,
LR




XLPE cables 6-10 kV

6-10 k' XLPE cable specifications

Nominal cross-section imm’s 50 | 70 | 95 | 120 | 150 | 185 } 240 | 300 | 400 { 500 ; 630 } 800 11000 ¢ 1200
Screen cross-section imm'} 16 | 16 | 16 | 16 1 25 1 25 1 25 | 25 |35 135} 35} 35 } 35 r 50
——————————————————— +-—~+——‘-nb—-—-+-—-—+-~-»-+——-—+--—-+«--—--+——-——+—--+-—-—+-——--+~--——vz----+——v~~~
Insulation thickness immi 3,4 | 34 134 1 341 34 134134 | 34 13413434 34 341 34
—————————————————— T L L R R S il il Rtk gt it SRR
Sheath thickness  imm} 25 5 25 | 25125 25 1251 25 1 25 125125 127 127 129} 29
e e m e e - — +—-»--r——-~+--——-4-»-—-—+--—-4—-—-4—-——-+---—+----+——-—-4————+u-v--o-———+~-—--—+———-—-—
D outside®  mm) 274 1 291 30,8 32,35 33,5 1 3540 37,6 1 39,9 14291 459 1 49,8 54 1 582 ! 634
RaoanndRRR
Weightapproxs | b bbb 4 b b4
Al conductor | ke/+ 689 | 784 | 891 | 994 116911329 1529 : 1746 121732512, 29813543 4210 | 5152
Cu conductor | ST 999 11217 {1479 1 1737 { 2117 } 2473 3014 } 3602 2 4647 : 5606 6894 ! 8492 110397 } 12781
------------------ VTS U R R e Rt R R A Skl il it St At
Min, bending radius | cmt 42 | 44 } 47 1 49 1 51 1 53 | 57 | 60 | 65 69 ;75 ! 8 : 8 | 95
——————————————————— e m—dmwm—femmmdommenfom——fmmmmfunenfomm e m sk e m et mmam b a s e T
Penmissiblepullingforce 1+ L b5 44 bbb
Alconductor | kN 15 & 21 12,851 3,60 1450 55537,20 9,00 1201150189 ;240 30,0 1 36,0
Cuconductor | | 25 1 35 147516001 7501925: 120 150 20,0250 315! 40,0} 50,0 | 60,0
——————————————————— e e e i Al Aol Ml S At AR
Max. single length | ; : : : i : : Z : : L aaan! , ;
1 i [} 3 1 t 1 I 1 H 3 1 1 i 1
cupply m 711760'10380} 9150 | 8550 | 7810 | 7090 | 6410 | 5810 } 5270 , 4760114290, 3790 | 3410 | 3050
1 i ¢ ] ! t i I i ] E 1 1 1 1
A DI EM E EEEE E alaaiell Seld e Sttt
Continuous permis. | . ; : : : : ! : i ‘ ' i i ‘
earth current® : { ; ' 1 : : ' : | i ; i X ;
Ca 1, 12231273 13261370 1 414 | 467 | 540 1 607 1 GB3 | 768 3 858 1 947 31026 } 1060
00 Al A 1973 1 212 1 253 1288 322 1 365 | 423 | 477 1 543 1 618 1 702 | 788 & 871 » 920
——————————————————— +--——+-—«--i---—-+----§~—-—+---~+——~~+~-———+--———+~~»—+——--+—----4------1———--+--H~~
Continuous permis. | X : ' : ; i ; : b ' : : ! ,
earth current® : : K : . : | : l ) | : ) " |
oo O 1o, 231128213361 379 1 4211472 ) 50 ! 606 | 662 | 736 | 814 | 889 | 957 | 945
S, Al 1% 1180 1220 1262 1296 1 331 1 373 1 431 1 484 | 540} 609 | 683 1 759 ; 833 846
Continuous permis. | H ! ‘ . ' ' : ; ; , : ; X | |
air current® I : ) : : i H : ; ) ; ' } 1 '
Cu | , 1259 132233911450 509581 6831 762 899 11030 117511327 | 1452 ; 1541
(X9 Al U001 ) 250 1304 ! 350 ) 396 ¢ 454 1 535 1 614 1 715 1 829 1 959 11102, 1230 : 1334
——————————————————— [ elohoslep S T i oS B S e el T SRl i Al At A A
Continuous permis, | 1 L L L1 boLoLb b
air current’ A S N SN S S SO AN VRN DU SO
e  CU o 13011374 454, 522 1 582 662 ) 771 ) 875 1 969 1109011222 113551 1497 1 1501
Al 11234 1292 13551 409 5 458 1 525 1 615 1 702 : 796 : 909 1103611170 1308 1 1351

1 All data in Table 1 apply for categories A and B networks (ace. to IEC 60183).

2 Cross-section of the screen shown in the Table is minimal. Cross-section of the screen is chosen under condition of short-
circuit current .

* Weight, outside diameter and continuous permissible cable currents are for cable types 2XS2Y 1 A2XS2Y with minimal
cross-section of the screen. If a larger screen cross-section is desired, continuous permissible cable currents get lower
because of increased losses in the sc?en. """""" =
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XLPE cables 20 kv

20 kV XLPE cable specifications

Nominal cross-section /mm'} 50 | 70 : 95 {120 | 150 { 185 | 240 | 300 | 400 } 500 1 630 | 800 1 1000 ! 1200
Screen cross-section' {mm' 16 | 16 | 16 1 16 | 25 L 25§ 25 1 25 ) 35 | 35 35 | 35 | 35 | 50
e VY- SN SN SO DR SRR SRR S S SO S
Insulation thickness mm! 55 | 55 | 55 55 1 55 | 551 55 | 55 | 55 1 55 1551551 551 55
G TEIE U U +--—+----+——-——+—--—-+---—¢---—--+——--+-——-+----+---—+----—+—----i--»--+--——->u---
Sheath thickness ~ ymm} 25 | 25 1 251251 25 125! 25 | 25 1251271271291 291 29
——————————————————— +~--0-—--+—«-—-4—-—-—n-)----—+---—+—--—-+--———+---—+—-—+——-—-&-—-«-+----+——n-+—-——--‘
D outside? imm! 316 | 33,3 13491364377 139,61 41,8 44,1 | 47,5 15051540 15861 624 ! 67,6 (
——————————————————— 4---—+----6--—«Q»-———-'-—~-+---—+-—--+——-—+-—-—4-—--+~~—-0-—-—s---‘+--—-(—-.‘-
Weight approx.? E i E a: :I E 1: ;: E 1: .: E ; ,: :'
Al conductor | kg/+ 849 | 953 110731 1185 1386} 1537 { 1751 | 1981 1 24551 28151 3277 3899 ¢ 4557 | 5568
Cu conductor | K01 1158 1 1386 11660 | 1927 { 2314 | 2681 | 3236 ¢ 3338 14930 | 59081 7192 1 8848 110744113197
—————————————————— +--——+-—--~+-——-+—-~-—+-——-+——---+----+~»---+-—~—+---+--——+a«---+---——+~———¢-mw«--
Min. bending radius tem ! 48 | 50 {52 1 55 | 57 160 } 63 | 66 | 72 176 1 si 1 881 94 1 101
i f——-—+«-—-—-+——--+—-—-+—-—-—-—+—--—+—~-«-+—-—---e---—-+——-#-——-+—~-~¢——-—-+——-~+———-
. N N I 1 i 1 i t L 1 F 1 1 1 ) 1 1
! lbxlﬁp dgf?riei NG 15| a1 :285:360:4501:555:720:900:120:150:189:240:300:360
con uco .K ! ’ 1 T’ ! 4 : r .: 1 1 £ ! Fs ! r : 4 ' ’ : F : 23 : ! ! ?
Cuconductor | | 25 1 35 1475600750925 12,0} 150 | 20,0 | 25,0 1 31,5 1 40,0 ¢ 50,0 | 60,0
—————————————————— +-—-—-—+----~+————¢--——+-——~f-~~—+—-~-+-—--'——+——--+—-—-}——-"--9—-'--+-v‘--+————+~«-—-
. 1 H E I I i ) ] 1 F 3 1 1 ] 1
ﬁ;’;g‘f‘gme“gm | m 18380} 7500 } 6670 ; 6250 | 5770 | 5260 4790 | 4370 13990 3620 3260 2910 2640 | 2370
1 ) t ] T 1 1 i ] I I 1 i ] 1
—————————————————— +———+---—+———-»o----+—--n4—-—-+——--+—-—-+-———-+---—+~-w—+--——+—---——+---—%«-—---
Continuous permis, ! ! ! ! ' ! : : ! : : , : : :
earth current? ; : H H . : : | : v ' i : . i
& Cuw o, 12241274 1327371} 416 | 460 ! 542 | 610 | 687 | 774 | 869 | 961 | 1040 | 1073
Al | T 1174 1213 1254 1 289 } 323 | 366 1 424 | 479 | 545 | 621 ! 706 | 794 | &79 928
-C— ———————————————— 4--—-+—-——--(---———+—--——T~—-—+---~—+---—+----—-+-———i--n——t-—---f-—~—+---»-%—'--—+ —————
ontinuous permis, | ; } : " | 1 I : ; ; ; : : :
z 1 ) t ¥ 3 1 E) ) 1 t ] t 1 1 t
eartcnt Cu | A 1231} 282 1337 | 382 | 423 | 474 | 545 | 609 L6671 7421 823 1000 | 9s6 | 953 | (
L f’*},___i___l-1_39_E.Z_ZP,.i?ﬁ%i.%g?.i_313?.1.3_7.4_i_‘%3_2_i_’%.8_5_1_5%3_ 1 612 1 688 | 765 1 839 | 852
Continuous permis, | ' i i g : ' ' : i H | ) ' :
air current? H ' ‘ : : : : . H ‘ ‘ X : i :
& Cu i, 261325 3% ;453 1 512 1585 | 687 | 786 1 903 110361182} 1336 1468 | 1555
Al L1203 1252 1306 352 ) 398, 457 | 537 | 616 | 717 | 830 | 960 | 1104 1236 ! 1340
el T N T, +--—-+~-—-+-——-—+---—-+-—---i-~--;-—~—ru~—-+—--»+——-—+——-—-+—-—-—+-—-—-+——--+—-»--
Continuous permis, ! ' ! ! ' ! ! ' : N : ! ' X .
ait current? ' ! ! ! ! ! ! ! ! ! ! ! ! ' !
1 ] 1 H t 1 i
Cu 1, 1298 1371 1450 1 517 1 577 1 657 ¢ 764 1 868 1 965 110881221 1 1359, 1500 | 1509
000 A | ) ! 3 P f t ! I i i ' 1
AL 17 12321289 1351 1 404 454 1 519 | GOS i 694 3 788 ¢ 902 1102811165, 1304 | 1352

! Cross-section of the screen shown in the Table is minimal. Cross-section of the screen is chosen under condition of shork-
circuit current.

?  Weight, outside diameter and continuous permissible cable currents are for cable types 2XS2Y u A2XS2Y with minimal
cross-section of the screen, If a larger screen cross-section is desired, continuous permissible cable currents get lower
because of increased losses in the screen.

* Deviation from the nominal construction length is + 1%.
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XLPE cables 35 kV

35 kV XLPE cable specifications

Nominal cross-section 'mm’} 50 ¢ 70 + 95 1120 | 150 1 185 | 240 } 300 | 400 500 | 630 | 800 : 1000 : 1200
Screen cross-section! imm’t 16 | 16 | 16 | 16 1 25 1 25 1 25 1 25 1 35 : 35 1 35 ! 35 ! 35 ! 50
Insulation thickness $mm: 9,0 § 9,0 1901 90 11901251 90 | 90 19090 190190 ! 90 : 90
Sheath thickness  'mm} 25 1 2,5 1251251251251 25127 127129129129 2929
D outside? ‘mm: 382 39,9 141,61 43,11 447 1 467} 49,3 | 51,6 {5501 58,0 61,41 656! 694 | 746
Weightapproc? ¢ 0 1 bbb b h o d G
Al conductor | ke/ 1 1171} 1293 11428 1556 | 1770} 1948 1 2214 1 2470 12980 1 3371 3863 1 4495 ! 5162 | 6324
Cu conductor & KT 1 1480 | 1726 1 2016 | 2298 £ 2698 1 3093 { 3699 | 4326 154551 6465 ! 7781 1 9445 111379113953
Min. bending radius cm 57 | 59 | 63 1 65 1 67 3 70 0 74 | 78 | 83 ) 87 1 92 199 | 104 } 112
Permissiblepulingforce 11 b b d 4 b b a b
Alconductor ' xN: 15 ' 2,1 1285 360145015551 720! 9,0 112,01 1501189 1 240 30,0 « 36,0
Cuconductor | |+ 2,5 ' 35 14751 60 17501925 12,0 150 120,01 25,0 ! 31,5 [ 40,0} 50,0 ; 60,0
T Rl i i et A S S A A A
ﬁ;’;f;j‘gle length &1 vean T 6990 6290 5950 | 520 | 5100 | 4670 | 4350 {3950 3610 | 3280} 2510 2700 | 2430
[ Comtinuous permis, 113 i T
earth current? } : ) " : : : ' ) ; " : ; . )
°9° Cu LA Voo4 | 274 D327 ! 371 114161 469 | 542 | 610 | 687 3 774 1 869 1 961 | 1040 ; 1091
_____________ AL 07741213 1 254 1 289 118231 366 1 424 1 479 1 545 1 621 1 706 ) 794 1 879 : 939,
Continuous permis. | : ' : ' ! ' ' ' : 1 : ' : '
earth current? : | : : . : ; ' I X h : i : |
oo Cwo A ' 031 ! 282 | 337 ! 382 1423 474 | 545 | 609 | 667 1 742 1 823 1 900 \ 966 : 965
. Al 1% 1180 1 220 1262 1298 11332} 374 | 432 | 485 1543} 612 1 688 : 765 ) 839 ) 861 |
Continuous permis. | } : : : \ : ; | : : : : | i
air current? ; ‘ ; : : ‘ : ' . : X ' ; : :
Cu | , 126113251304} 453 | 512585 687 1 786 | 903 11036} 118211336 1468 1572
_____________ Al 3 %203 1 252 1306 ; 352 ) 898 1 457 | 537 ) 616 | 717 | 830 § 960 11104} 1236 1 1346
Continwowspermis, | { [ ' 1 1 L b4 bon b
air current? A A S R AU S S AN SN SNV AN S
Cu  + . 1298 1 371 1450 1 517 1 577 1 657 ¢ 764 1 868 ( 965 +1088 11221113591 1500 1 1520
000 . 1221 |
00O | 2 1230 1 280 | 351 1 404 | 454 1 519 | 608 | 694 | V8B \ 902 11028111651 1304 | 1352

' Cross-section of the screen shown in the Table is minimal. Cross-section of the screen is chosen under condition of short-
circuit current,

*  Weight, outside diameter and continuous permissible cable currents are for cable types 2X52Y u AZXS2Y with minimal
cross-section of the screen. If a larger screen cross-section is desired, continuous permissible cable currents get lower
because of increased losses in the screen.

}
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Load capacity

XLPE cables 6-35 kV

Medium voltage cables load capacity is calculated
for the following conditions:

Laid in ground:

load factor 1,0

depth of cable laying 0,7 m

soil thermal resistance 1,2 Kem/W
ambient temperature, t° 15°C .
conductor temperature, t° 90°C ’

Laid in air

load factor 1.0
ambient temperature, t° 25°C
conductor temperature, t° 90°C

Continuous permissible currents are fixed foreach When single-core cables are fixed in triangle
cable line under service conditions with regard to  formation they are laid immediately adjacent.
specific requirements. At different design ambient When single core cables are laid in flat formation,
temperatures, it is advised to use corrective ratios, clear distance between them is one cable diameter.
given in the following Table.

Correction factors for ambient temperatutre

Temperatutre :-5:o,'5{10,'15:20:25:30;35:40:45}50
in ground CL13 ¢ L10 | 1,06 | 1,03 | 1,00 | 097 ! 093 ' 0,89 [ 086 ;) 082 | 077 ! 073
————————————————— +-———-—+~—-—-~4-~---—§—-———+~----+-—--——+-—-—---—-—+———~-+-—-—--+-——--+——--»+-----
in air ;L2100 1,18 § 1,14 | 11 5 1,07 | 1,04 ' 1,00 | 09 | 0,92 ; 0,8 , 083 | 078

_________________________________________________
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Correction factors on number of working cables
arranged in plane side by side underground in
pipes or without pipes, are used, when a section of
a cable line between the earthing points is partially
laid in pipes, under following conditions:

— cable are laid in a triangle formation
over a substantial part of the line
section; '

— pipes are laid in flat formation;

— length of piping composes less than
10% of the section between the earthing
points;

— each cable is laid in a separate pipe;

— pipe diameter is twice cable diameter.
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XLPE cables 6-35 kV

Correction factors for side by side laying
of the 6,10,15, 20 and 35 kV cable

1
Cables partially laid in separate pipes ;0,94
|
Cables in separate pipesonaplane | 090
I
Single-conductor cables laid in triangle for- X 0.90

mation in a common pipe

Correction factors for group of cables in the ground
Clear Number of groups
distance  F---nvymmmyooomsere oo om s o Ry
between | ! : ' !
goups,mm | 2 1 S 1 4 o %6
~~~~~~~~~~~ S S S R e
100 1076 1 067 ' 059 1 055 1 051
200 1081 071 i 065 1 061 ! 049
400 10851 077 0 072 ¢ 069 ! 066
Correction factors for group of cables in air
3
0,96
0,93
0,92
0,90
0,88
0,83
0,81
0,79

. o
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XLPE cables 6-35 kV

Short-circuit currents

Short-circuit current for all types of cables and cross-sections are calculated on the basis of the following
conditions: '

Conductor temperature Screen temperature
before short-circuit 90°C before short-circuit 70°C
after short-circuit 250°C after short-circuit 350°C

Permissible conductor one-second short-cireuit current
'(fo‘rfd'ﬁc‘tér’"”?“"?""“T”""T”“T"'"T“"I“”T“'"I""“T"“T”"T """ TTTTT [
cross-section . 50 170 195 120 1 150 1 185 | 240 1 300 , 400 ; 500 1630 | 800 1000 ) 1200

tammn?__ i___-lu___i--”l_---i--“l----l----l-—-nl”-_L-”l___-i ..... e N
Copper | 1 1 1 1 1 1 1 1 | i 1 1 1
b {715 L00 1136 | 172 1 215 1 265 3 343 1 42,9 1 57,2 1 715 1 90,1 1 1144 1 1430 | 1728
F??-Eff_o.r ----- S e e 2t T U e m - LR
H ] 1 1] [ [} ] ] i B 1 1 1
Aluminum L 47 ) 66 1 89 1113 1142 1 175 1 227 1282 1 37,6 1 47,0 1 592 ¢ 752 1 93,9 1 1143
conductor : : ' : : A A D ! ! : ! '
Permissible screen one-second
short-circuit current
| Sereent ¢ [ T T If short-circuit duration differs from 1 sec., short-
cross-section | 16 , 25 | 35 | 50 | 70 circuit values shown in the Tables are multiplied
__mm i _____ ‘{ _____ i _____ i _____ i ______ by correction coefficient:
1-sec, screen | ; ; : X
short-circwit ; 33 | 51 | 71 | 102 | 142 K =1/vt, where t — short-circuit duration, sec
current, KA | ; X X :

' Values of permissible short-circuit currents for different cross-sections of the screen are calculated on request.

> 14" Modem solutions for power cables [ Estralin HVC
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XLPE cables 6-35 kV

Electrical specification

Conductor’s DC resistance at 20°C, Q/km, not less Conductor resistance at temperatures, different
“Nominal cross. © 7T T from 20°C, is calculated with the formula:
: : Copper i Aluminum
section of ' |
i conductor ' conductor
_conductor,mm? ;T IR for copper conductor:
50 ! 0,3870 ! 0,6410 R =R, (234,5+1)/254,5
_______ 70 R S _0_’2_6_8_9 SRS SR 04430 I for aluminum conductor:
95 : 0,1930 : 0,3200 R =R, (228+1)/254,5
120 : 0,1530 : 0,2530 '
-------------- R i e where:
______ 150 . 01240, 02060 ] 7 — conductor’s temperature, (°C),
185 : 0,0991 , 0,1640
"""" 2 45' Tty “0“" 67"5"4' STty ‘0‘ 1“2‘5'0' T R,, — conductor resistance at 20°C,
-------------- Ryt R S (Q/km),
300 : 0,0601 ' 0,1000
_______________ ]
400 : 0,0470 : 0,0778 R, — conductor resistance at d°C,
--------------- (C2/km)
500 ) 0,0366 1 0,0605
630 X 0,0280 X 0,0464
______________ U S A DRV
800 , 0,0221 \ 0,0367
1000 : 0,0176 , 0,0291
1200 X 0,0151 X 0,0247

o
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XLPE cables 6-35 kV

Charging current for various voltage levels , A/km
:: Conductor cross-section, mm?
B e e s Bl B
;50 4 70 1 95 ;120 | 150 ! 185 ) 240 ! 300 : 400 ! 500 ! 630 ! 800 ! 1000 ! 1200
6030510348 0381 | 0,414 | 0,446 | 0490 | 0555 | 0599 1 0608 0,675 1 0,775 OAL | 0965 | 1068
""" 1010435 0490 | 0544 0,580 | 0,695 | 0,689 | 0760 | 0,852 | 0,961 1 1,070 | 1915 | 1978 | 1824 1980
''''' 15 0560 | 0630 0710 | 0780 | 0,650 | 0,910 | 1,010 | 1100+ 1,590 | 1,960 + 1490 | 1670 § 1850 | 2060
"""" 20 10617 | 0,689 | 0762 | 0,834 § 0,943 1 0979 | 1052 | 11611 1,270 F 1415 5 1560 | 1778 | 1,989 | 2,090
"""" 35 10889 1,016 | 1143 | 1206 | 1570 | 1397 | 1524 | 1,661 | 1641 | 2,031} 2,022 | 2,539 | 2857 | 2,610
Conductor inductive reactance at frequency
of 50 Hz1, {3/km
Nominal o *:' - '6; 1’0; W E - :Z(H);k_v: - ? - - “K“}‘ - Cz.:llculation of inductiw? reacta.nces a1"e carrie.d out
ductor cross T T oo e R with cables arranged in a triangle immediately
section,, mm? E' :: G% :f “adjacent, and in flat formation with clear distance
‘‘‘‘‘ 5 '(}""':6“26,;"6&55 0,219 ! 6&:13?*6'251' 10156 | Detween the cables equal to cable diameter.
"""" 70 10,19610,11910210 0,134 | 0,222 | 0,146
““““ 9% 101890112 |0,203 0127 0,214 | 0,139 |
'''' 120 10,18410,108 1 0,198 0123 | 0,209 10,133
| 150 017910,10310,1921 0116 0,208 | 0,127
i85 0175000990 0188101121 0,198 | 0,122
240 10,17010,094 1 0183 0,107 | 0,193 } 0,117 ]
500 10167:009110,179 0,103 | 0189 | 0,413
_____ 100 016500880173 0097 0182 0,106
““““ 500 10,16110,085 0,169 ! 0,09 | 0178 :0,102
630 10,159 10,083 | 0,166 | 0,090 | 0,174 | 0,098
800 10,157 10,081 10,163 | 0,087 0,170 | 0,09
"""" 1000 015410079} 0,159} 0,083 ) 0,166 ; 0,090
""" 1200 }01520,076 | 0,156 0080 | 0,162 | 0,087

' Inductive values are calculated with regard to the screen earthing from both sides.

2
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XLPE cables 6-35 kV

Cable laying conditions and testing after medium voltage cable laying accessories

installation

Bending radius of XLI’E cable during cable laying
and accessories installation laying procedure
shall be at least 15xD, where D -~ outside cable
diameter. When cable accessories installation
is carried out with the use of a special template
minimal bending radius is permitted to be reduced
down to template 7,5xD.

When installing with the use of a cable sleeve or
taking by the conductor, pulling tension shall not
exceed the following figures:
F=5x50 N/ mm? - for copper conductor,
F=5x30 N/ mm? — for aluminum conductor,
where S — conductor area of the cross-section,
mm?,

Cable temperature during installation shall be not
lower than:
-15°C - for cables with PVC- plasticate
sheath;
-20°C. — for cables with polyethylene sheath.

This is achieved when keeping the cable in warm
(about 20°C) premises during 48 hours or with the
use of special equipment.

After cable laying and accessories installation
it is recommended to conduct testing with the
following AC voltage, frequency 0,1 Hz during 15
minutes:

10 kV cable with 18 kV,

15 kV cable with 45 kV,

20 kV cable with 60 kV,

35 kV cable with 105 kV voltage.

It is permissible to test with AC voltage of
industrial frequency during 24 hours:

10 kV cable with 6 kV,

15 XV cable with 8,7 kV,

20 kV cable with 12 kV,

35 kV cable with 20 kV voltage,

On completing the installation and in coordination

"with cable manufacturing plant, cable testing

is permitted with DC voltage of 4U, during 15
minutes,

Cable sheath shall be tested with DC voltage of
10 kV, applied between the metallic screen and
earthing device during at least 1 minute.

c,.
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XLPE cables 6-35 kV

Capacity of cable drums

___________ XLPE cable delivery Jengthym | | ____ .. XLPEcabledeliverylengthym
Cableoutside | __Construction length of cable,m ___| Cableoutside | __ Construction length of cable,m |
diamefer, 5 n 1 up | 250 diamefer, b 1 wp | 28D
mm L [ S | mm__ . L |,
12405 ¢ 4566 1 6593 | ] %?----E---ﬁ?.ﬁ-..-iHh_E‘??ﬁ____i__-_l???_,_‘
A L S . SR S = S B N 50 .y .65 i 125 . 1783
- SO S/ B B/ DL B SO ?1__-_-1_~--6_2§_-_-i,..u}3§7_h__i,-~.1_7151____(
B Iesn %670 v 299 | . 2y 601 12 . 1648
.30 p 1806 . 3430 G 4982 || 583 .y 58 oy M9 1o 1887
Sy le2 i 32 4 4638 | 5¢ 1. .55 i 1059 i 1528
% 1se7 o po 8014 i 482 | | 55 4. .58y 00 v 1473
I S SO < B G- BN S N S LD S S B SR RO -2 S
%4 ). M0s . 2670 i 3885 f | S .. S0 i 980 i 1872
85 L 1w 2820 b 3638 | | 58 . A8 L 918 ¢ 135
%6 o124 n o 2882 0 339 59 Ly A7 i 887 i 1280
L7 1e7 v 2285 4 sss | 60y A2 i 87 . 128
L. .38y 126 . 2188 1 3086 | | O AN S U S ¥ B
L9 M6 n o 2029 w2980 | | 62t 48 83 ¢ 1159
o A0 o los o 1929 0 omss | | 63___ ;... 40 i 78 i 123 |
ALy %87 i 1836 i 2651 | | 64 .. 397 . 7541088
L2 %2 b I7s0 no 2526 ) 65 .y . 38 i 71 i 1085
Wi 8791669 . 2410 1 | 66 ). 973 i 708 . 1023
_____ 4 80 i 1se4 1 282 || ez v 362 1 88 1 993 |(
LBy 808 154 4o 2201 | 68 .y 352 i 668 i 964 |
Lo o 7es i 1459 3o 2106 | 69 oy B o 648 o 936
LAy o 1897 b 2018 | 70 0 32 ¢ 60 o+ 910
a8 w0 ¢ T13a0 1934

6, 10, 20 and 35 kV XLPE cable construction lengths are presented in the Table, they can be accom-
modated in standard wooden cable drums.

Construction lengths can be increased in coordination with customer using drums of greater capacity.
In this way a special cable-carrying trucks; can be used in addition, one should be aware of oversized
cargo transportation rules.
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110-220 kV XLPE cables

n!‘?ﬂ

mﬁ

tg & at 20°C

' :
Comparative : | High pressure
characteristics X XLPE cable ' oil-filled cable
"""" Continwous 1 n T
permissible ! 90 : 85
| _temperature, °C__} ... R
i 1
Permissible heating ! 105 ! 90
in emergency, °C !
! L
Ultimate permissible ;
temperature under i
short-circuit current , 250 | 200
flow, °C : l
Density of 1sec.” "~ 77777777 pTTrmmmmmmT
short-circuit current, :
Afmm? ; :
— copper conductor 144 . 101
— aluminum . 93 : 67
| conductor _ ... ___. POV e
E i
Relative permittivity 5 ‘:
e at20°C ! 25 ! 3.3
p— o e
Dielectric loss ratio, E 0,001 E 0,004
1 1

Main advantages of XLPE cables are the following:

- high cable transmission capability due to
increased conductor permissible temperature;

- high-current thermal stability at short-circuit
that is of a special importance when a cross-
section has been chosen on the basis of short-
circuit nominal current only;

- light-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,
terrain, i.e. along the routes with _
level difference due to absence of 1pass dullmg
effect;

illy or rough_

- absence of liquids (oils) under pressure, and

consequently, no need for costly refilling

equlprnent that -results in considerable
saving in operational costs, simplification of
installation equipment, cutting time and cost
of cable laying, as well as installation;

- feasibility of prompt repair in case of fault;

- absence of leakages and, therefore, no risks of
environmental pollution in case of damage.

ééam,soutons B
- N '
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Design

110-220kV XLPE cable consists of a round copper or aluminum
stranded conductor, asemiconductive layer over the conductor,
a cross-linked polyethylene insulation, a semiconductive layer
on the insulation, a semiconductive tape, a screen of cooper
wires and a copper band, a semiconductive tape, a polyethylene
sheathing, or PVC plasticate sheathing,

The conductor is covered with an extrudable screen of
semiconducting material, insulation and a semiconducting
screen over the insulation binded together. Insulation thickness
depends upon the conductor diameter.

Metallic screen consists of copper wires and a spirally applied
over them a copper band. Screen cross-section is chosen on the
basis of short-circuit current flow.

In order to provide longitudinal sealing in cables indexed «F»,
a layer of water-swellable material is used. Contacting with
water it swells thus forming a longitudinal barrier, preventing
in this way moisture propagation, should damage of outside
sheathing occur,

Cables indexed «FL» are provided with an alumo-polymer
tape sheath welded to the polyethylene or PVC sheath apart (
from having longitudinal sealing. Such a design creates an
effective diffusion barrier stopping ingress of water vapors; and
an outside sheath of black polyethylene provides protection
against mechanical damage.

Reinforced polyethylene stiffened sheath.

Cables have a sheath of black polyethylene, Cables indexed
«2Y» are provided with reinforced polyethylene longitudinally
stiffened sheath that is designed for preventing the sheath
damage while cabling at complicated sections of cable routes,




XLPE cables 110 kY

110 kV XLPE cable specification

Nominal cross-section ! mm2 185 | 240 | 300 | 350 | 400 | 500 | 630 : 800 | 1000 : 1200 } 1400 | 1600 | 2000
————————————————————— +-——-—+————+-----+---—-+--—«-+--—-+----4,———-+-———+——--—+----§-———— -———
Screen cross-section? ,mmz' 35 ' 35 ' 35 ! 35 ! 35 ) 35 , 35 | 35 ; 3 , 50 , 50 ; 5 ; 50
B ittt ol +~——+—---+-———+—-—-4-----—+-—-—+-—-—-—+-~~-f——--+-——-+-ww-—+——--+-—--+-w--
Insulation thickness 'mm' 160 | 160 | 160 | 160 | 150 | 150 ) 150 | 150 | 150 | 150 , 150 , 150 i 150
Sheath thickness 'mm' 30 ! 30 ) 32 ! 34 ) 34 ' 34 ! 36, 36, 38 1 40 1 40 , 40 , 40
——————————————————— +-—-+—-~-t----+—--—+——---+————+—-——+-«-~+—--——+--——+—--—-1-—---+—-——<~-»---
D outside ‘mm! 64 ! 66 | 69 | 70 ) 70 ) 73 . 77 1 8 , 8 | 91 . 958 , 981 ;1046
------------------ P el R I I St Bt il A Sin i Aty
Weight approx.? e : : | . : : : : i | : :
Al conductor :}Eﬁ{: 3400 | 3700 | 4000 | 4230 | 4290 | 4830 | 5410 | 6140 | 7316 , 8422 ; 8900 ; 9600 111100
Cu conductor ; ' 4560 1 5180 | 5870 | 6390 | 6760 | 7930 | 9310 ; 11090 ; 13699 | 16081 ; 17600 ; 19600 1 23600
------------------- O I o e R I I et B Sl Sl i Mt Sl
Min, bending ra-dius | cm ) 95 | 99 ) 104 | 105 ; 105 | 109 | 116 | 122 ; 128 , 137 , 144 | 148 | 157
Pemu551b]epullmgfome """
Al conductor ' kN ! 555 ' 720 | 9,00 ! 105 1 120 } 150 189 | 240 , 30,0 ; 360 , 420 480 y 60,0
Cu conductor ‘925 112,00} 1500 ¢ 175 ) 20,00 250 ; 315 : 400 : 50,0 i 60,0 : 70,0 ' 80,0 1 100,0
——————————————————— O e T T e e e At i —— e o m— == - = =
1 1 1 ] 1 1
DCresistance P A L |
1 1 1
u conductor | 1, u00991100754 006011005431004701{)0366100280 00221-00175100151-00129 00113.00390
Al conductor !
___________________ L___lqlsx;o 01250'0100()'00390 QQ7_7§|(_J_96_0§1Q(_)4_69 QQ3_6:/"00291'00247r00212t00186 00149
Inductance® L IpHS 10,4627 10,4439 | 0,4289 | 0,4209 10,4057, 0,39 10,3781, 0,363 | 0,351 | 0,339 | 0,334 ; 0,330 | 0,317
------------------- +--——+--—-4—-—--.4.--»—-+—---+—-—-+--—-—+--——-+—---+--—-+--——e——-—+~«-——+--—-—-
Capacitance F/10,1364}0,14681 0,157510,1639; 0,179 10,1936 0,209 , '0,2296, 0,25 ; 0,27 1 0,29 ) 0,30 | 0,33
~———p—--v~u~~——4 ————— +—-~+-————%—--——1-—-—~+»—-—-+----+-——--s--——+---—+——-—-+—-——-+--—-+---u~+ —————
Continuous permis, ¢ N ! J ! ! ! : ' : ' : ! !
earth current! DR R D S R D D D S D S
&9 Cu + 70 1500 1 575 1 650 1 715 3 755 1 840 ! 935 ! 1030 ; 1121 | 1184 | 1248 | 1298 | 1364
____________ Al v 1395 1 455 1 515 | 560_: 600 : 675 L 760 1 850 1 935 % 1009 ! 1059 ! 1114 1 1204 |
Continuous permis, ! ! ! ! ' ! ' ! ' ! ' ! ! !
earth current POA X . : X X ' : | : | : .
900 Cu ' v 451 ' 507 1 556 4 581 1 611 ' 667 | 724 1 T77 869 1 927 1 960 @ 982 | 1014
_____________ Al __ 113661 416 ) 461 1 486 1 514 | 572 1 631 : 690 | 782 | 838 | &7 | 906 ; 951
Continuous permis. ! ! ' ! ‘ ' ! ' ' t t ' '
1 1 I i 1 i I 1 1 H ] 3 3 )
air current® ' ' i ! ! ‘ ' ! ! i ' ' ¢ '
cu A U600 b 690 | 755 1 835 1 895 + 995 | 1115 | 1245 1 1452 1 1494 1 1598 § 1666 1 1796
1 1 E 1 I 1 i 1 t 1 ] 1 13 1
Y AL r v 480 855 1 630 1 680 1 735 ) 825 | 948 | 1060 | 1253 \ 1317 ; 1408 | 1483 | 1629 |
Continuous permis. ! ' ' ‘ : ! ' ' : ! : ' ' !
air cun-entt’: [ A : 1 1 1 1 i 1 1 f 1 1 1 1
i i 1 ) 1 r 1 1 1 3 1 1 1 i
000 Cu : 624 1 725 ¢ 820 ' 871 ¢ 938 | 1065 1 1204 | 1352 1485 1 1533 1 1629 | 1692 ' 1814
Al ) 1 494 1 576 ' 656 ' 702 ' 758 : 872 1 999 ' 1139 1275 | 1344 ' 1446 ! 1516 ! 1655

I Screen cross-section is calculated on the basis of the short-circuit current and thus can be increased. .
2 Weight is shown for cables having a polyethylene sheath and basic cross-section of the screen.

3 Cal}culz:ition was performed in cabling with cables in triangle formation with immediate adjacency and earthing from
both sides

i Currents are calculated to be buried at the depth of 1, 5 m ‘w1th so1l spemhc thermal resistance of 1,20 Kem/W, and load
coefficient, Kn=0,8 ‘

* Currents are calculated for installation in dir with cables in tnangke formahon clear intg phase dlstan shall be equal
to cable diameter, no solar radiation, and ¢hrthing from both sides, / . C\

installation in pir wi <Cables in flat formation, clea‘i‘/\ terphase dlstance shal be equal to

' / EVENL :
Pt

; LI, \fz - : -. :.'_-
8 \Modem s/o!utlonsfo er cables | Estrali
e o N ' Py
S L o

\i‘-\/‘ \Hu__-_ _._’)-',_,/




XLPE cables 220 kV

220 kV XLPE cable specification

Nominal cross-section | mn } 400 | 500 ; 630 | 800 | 1000 | 1200 | 1400 : 1600 2000 & 2500
Screen cross-section’ . mm? |, 265 | 265 | 265 ! 265 | 265 I 265 | 265 | 265 | 265 | 265
Insulation thickness | mm | 240 | 24,0 | 240 ! 240 1 220 | 220 | 220 ! 220 ! 220 ! 22,0
Sheath thickness o mm | 40 ! 40 1 40 . 40 | 40 | 40 | 40 | 40 ! 40 40
D outside . mm , 92,3 | 953 | 989 | 1054 , 106,1 ! 108,9 | 1106 | 1197 | 122,7 ° 126,2
Weight approx.2 | : : . i \ X X ! ' :

Al conductor jyg/p; 9158 ¢+ 9739 ) 10463 1 11630 | 11999 | 12834 | 13000 1 14960 | 16352 / 33000 (
... Cuconductor s 71 11685 | 12899 1 14445 | 16670 | 18269 | 20934 | 21800 | 25074 | 26899 | 33000
Min, bending radius | em | 138 ' 142 ;148 | 158 ! 159 ! 163 v 166 1 179 ) 184 ! 190
Permissible pulling force ! ' N : i N i ; : ' '

Alconductor | kN | 120 ! 150 } 189 1 240 | 300 ! 360 | 420 | 480 | 600 | 750
o Cuconductor ¢ 1200 1 250 1 315 1 400 1 500 : 60,0 : 700 r 80,0 1000 1 1250 |
DC resistance |: E :' 5 1: }I ; .: E E E

gi‘::;‘iﬁ;": HYKm L 0047 10,0366 | 0,028 1 00221 1 00176 | 0,0151 1 0,0129 1 0113 } 0,009 | 0,0072
AR e 2 00778 | 0,0605 1 0,464 ! 0,0367 ! 0,0291 100247 1 0,0212 : 00186 | 0,0149 : 0,0119
Inductance? y mH/&m | 0,254 ! 0,236 , 0219 | 0,203 | 0,18 ! 0,167 : 0,155 | 0,152 ! 0,139 | 0,126
Capaci_tfmce ) ) ME/km | 0,133 | 0,143 | 0,154 | 0,174_.' 0,119 + 0,220 } 0,220 | 0,240 ! 0,230 | 0,270
Continuous permis, ' ' ! ! ! ! ! : ! :
earth current? LA ! ' ' ! ! : ! ' ;

Cu | ; 638 0 711 b 785 1 868 | 938 : 986 | 1038 | 1072 | 1133 ! 1149
______ _ﬂ__A_I-__-:----_:-§19_-;_5§@_;_—6§7_,;“7§1__;_§93__;_§5&-;-_91@_;-_948_-;‘1"0_1_8_;-_19@8"_
Continuous permis, ! ! ! ' ! N ! ! ! ! !
earth current ! A ! ! ! ; ' P ' ! ;

000 Cu t ; 6200 1 670 4 725 ¢ 774 ¢ 812 1 862 1 892 1 910 1 940 ' 960 (
S Al 1. o DZL_L 572 L 6311 686 1 734 1 782 ) 816 1 841 ! 883 | 915 |
Continuous permis, ! ! ! ! ! ! ! ' ! ¢ !
air current? rOA ' ! ! ! : ! ' ! !

Cu ; 800 | 908 1031 : 1160 ! 1281 ; 1380 @ 1471 | 1547 : 1669 | 1720
L D ALt | 734} sa1 ! 9s 1 1071 ! 174 ! 1260 ) 1369 ¢ 1464 | 1550
Continuous permis. : ! ! ; ! ! ! ! ! !
air current® A : X : ; ? j ‘ H i

oen v |79 | 884 1 977 4 1063 : 1186 § 1232 ¢ 1297 | 1327 | 1393 | 1481

Al ! ! 658 1+ 743 + 836 ' 927 C1013 0 1101 0 1166 0 1211 ' 1295 ' 1395

! Screen cross-section is calculated on the basis of the short-circuit current and thus can be increased. .
?  Weight is shown for cables having a polyethylene sheath and basic cross-section of the screen.
3 galﬁul_:éltion was performed in cabling with cables in triangle formation with immediate adjacency and earthing from
oth sides. -
+  Currents are calculated to be buried at the depth of 1,5 m with soil specific thermal resistance of 1,20 Kem/W, and load
coefficient, Kn=0,8 T
tri'az?gle formation,/c;le Thterp 'ag‘e distance gﬁa}\l\ be equal

®  Currents are caleulated for installation in air with

to cable diameter, no solar radiation, and earthing f%5

&  Currents are calculated for installation in air f N
cable diameter, no solar radiation, and earthing/#o

.-’-'aa.\ C{ A S S : ] \
'Q.' Mformatiop; le?ﬁn erphyse distarice shall be equal to
- P paP /‘
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LPE cables 110-220 kV

Load capacity
Load capacity of high voltage cables is calculated under the following conditions,
Laid in ground: Laid in air:
load factor 0,8 load factor 1,0
depth of cable laying 1,5m ambient temperature, t° 25°C
soil thermal resistance 1,2 Kem/W conductor temperature, t° 90°C
ambient temperature, t° 15°C screen earthing from both sides
conductor temperature, t° 90°C ’

(' For underground installation and with triangle arrangement, cables shall be positioned in immediate
adjacency. For overhead lines and triangle arrangement of cables the clear distance between cables is
recommended be equal to 25 sm, With flat arrangement of cables, recommended clear distance between
cables shall be cable diameter.

Correction factor on laying depth

Laying depth, m 08 | 1,0 | 1,2 | 14| 16 | 1,8 | 20 | 22 | 24 \\




Short-circuit currents
Short-circuit  current for all types of cables
are calculated on the basis of the following

preconditions:

Conductor temperature

XLPE cables 110-220 kv

Screen temperature

before short-circuit 90°C before short-circuit 70°C
after short-circuit 250°C after short-circuit 350°C
XLPE cable can be subjected to overloads with tem-
peratures above 90°C. In this regard, emergency
overloads do not considerably affect cable service
life,
One-second long permissible short-circuit
currents along the conductor and through the
screen shall not exceed the figures presented in
the Tables.
1 sec, permissible short-circuit current in the conductor
Conductor cross-section, | g5 | 940 | 300 | 350 | 400 | 500 | €30 | 800 | 1000 | 1200 L 1600 | 2000
copper conductor | 265 1 343 | 429 | 501 ! 572 | 715 1 901 | 11441 14 11728} 230 i 288
aluminum conductor | 17,5 | 22,7 { 282 ! 33,1 | 37,6 | 47 | 592 1 752 1931 143 : 152 190
1 sec, permissible short-circuit current the screen
Sereencrossssection, | a5 15y ©ogg 195 1 o120 ¢ 150 | 185 | 210 | 240 | 265
mimn ) ) 1 I ] 1 1 )
e et e R B B oy SR VY SRV SN
- - I ¥ 1 ] I I ] i i 1
Sereen T-see. short 11 1 3015 1 1421 | 1929 | 2436 | 3045 | 37,56 | 4263 § 4872 | 538
circuit current, KA 5 1 ; 3 ; 5 : ‘ :

":"'.24 " Modeim solutions for power cables | Estralin HVG  vo0is s

In the case of short-circuit, apart from the heating,
the dynamic forces originated between cable phases
shall be also taken into consideration; their values can
be significant. They shall be taken into account while
choosing design of cable fixing means.

T .

202




XLPE cables 110-220 kV

Cable laying conditions and testing after high voltage cable laying

During XLPE 110-220 kV cable laying the
bending radius shall be at least 15xD, where D —
outside cable diameter. When cables accessories
installation is carried out with the use of a special
template and with preheating, minimal bending
radius shall also be at least 15xD.

When installing with the use of a cable sleeve or
taking by the conductor, pulling force shall not
exceed the following figures

F=5x50 N/ mim? — for copper conductor,
F=Sx30 N/ mm? — for aluminum conductor

where S — conductor area of the cross sectior,
mm?,

Ambient temperature during laying shall not be
lower than -5°C. With preheating, 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.

Following cable installation, testing of completed cable line together with all the cable accessories shall
be conducted.

Having completed a cable line and prior to its commissioning, each phase of the cable and its accessories
shall 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 at no load, instead of the test by increased AC voltage.
The test by increased DC is feasible, but ndf recommended, and only as agreed between manufacturing
company and custorfer. O

Sl
Cable sheath shall be\t_ésfed by DC %f 10 RV, applied between a metallic screen and earthing for one
minute. Ve T

’\p%g Estralin HVC cable layif % :
I?QIM/OLIZ” should be met. {{ry \
L
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Estralin
High Voltage Cables Plant

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

Tel.: +7 (495) 956 66 99
Fax: 1+7 (495) 234 32 94

e-mail: info@estralin.com
web-gite: www.estralin,com
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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.










Design of a cable
A2XS(FL)2Y 1x1600RMS/110 — 64/110 kV

Standard: [EC 60840
1.Conductor

Material: Aluminum

Cross section: 1600 mm?

Diameter of conductor: 49,6 mm

Type of conductor: circular, stranded,

segmented

Longitudinal water-tight: water swelling tape
2.Conductor screen

Material: semi-conductive PE

Wall thickness:approx. 1,5 mm*

Type: . extruded PE
3.Insulation

Matertal: XLPE

Nominal Wall Thickness: 15,0 mm
Voltage level Uy/Un/Up: 64/110/123 kV

4.Insulation screen

Material: semi-conductive PE
Type: extruded PE
5.Screen/metallic sheath
Material: Copper wire and copper
tape
Cross section: 110 mm?
Longitudinal water-tight : semi-conductive water

blocking tape

6.Radial water harrier

Material: Aluminium
Wall thickness: 0,2mm
7.0uter sheath
Material: HDPE
Nominal thickness: 3,8 mm
Overall diameter: approx.101,6 mm

8.Special components

Conductive layer: no

Weight: approx. 11,0 kg/m;
Min bending radius: 1,624 m.

Max putling force: 48 kN.

* All data’s are computed values. The exact value will be
submitted at the beginning of manufacturing.







Mechanical characteristics

Cable weight, approximataly, kg/m 11,0
Outer diameter, mm 101,6
Maximum pulling force, kN 48,0
Minimal bending radius, m 1,524
Electrical parameters
DC resistance of the conductor at 20°C, Q/km 0,0186
AC resistance of the conductor, at 90°C, Q/km 0,0247
Capacitance per phase, uF/km 0,31
Inductance between the conductor and screen, mH/km 0,12
Capacitive charging current, per phase, A/km 6,16
One second short clreuit current on the conductor, KA 152,3

One second short circuit current on the screen, kA

20,6
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110 KV (126 kV)

Conngcor

Terminations MKB 126

Arkasil termination with composite type
insulator is used for cable line connection
to other elements of power-supply systems.
Termination MKB 126 is used for outdoor and
indoor installation, for XLPE cables 64/110
kV with the conductor cross-section up to
2000 mm?2.

Basic components

Insulator:

+ composite type insulator with glass fiber
reinforced epoxy resin tube and silicone
rubber sheds;

= sheds color-light gray;

+ top and bottom flanges glued and sealed to the
composite insulator.

Cable end:

* pre-moulded and factory-tested silicone stress
cone;

* cable end;

* base plate;

¢ branch pipe with flange;

+ support insulators;

+ seals and fixing materials;

¢ unpressurised synthetic oil as an insulating
compound;

« optic fiber outiet,

gy



Area of application

Type MKB 126

Phase voltage kv 64

Line voltage kV 110

Maximum system voltage kv 126

Cabie conductor cross " ,

section range mm? 185 + 2000

Maximumn cable sheath

diameter mm 115

g/!aximum cable insulation mm 91
iamater

Installation options:

On support +

On high-voltage power +

transmission jine

On support at an angle +

Instaliation can be simplified by assembling the
termination horizontally on the ground before

lifting it into place.
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Technical data

Electrical parameters:

AC voltage withstand test 160 kV for 36 mer; .
Partial discharges <5pCat2B ky
Impulse voltage

(10+/10- impulses) 550 kv

Climatic characteristics:

Temperature -50°C / +45°C

Nominal operating current:

limited hy cable specification

Siress-cone routine tests for MKB 126:
AC voltage withstand test 160 kY for 30 min
Partial discharges <5pC at 86 kV

Support insulator withstand voltage:

AC voltage 10 kv
DC voltage 20 kv




Type MKB 126

Cable conductor cross 2 )
section range mm 185+2000

Maximum allowed or £ ons
inclination angle 30°(45°)

Termination length, L mm 1540 1863 1875

gﬁﬁage distance mm 3670 4300 4820
Pollution level in accordance

with IEC 60137 v Vs

Volume compound 1 28 32 38

Weight kg 104 108 113
Maximum allowed kN 35 35 35

force on top connector

Maximum allowed inclination angle up to 45°is only
offer approval.




110 kV (126 kV)
Joints MCB 126

Arkasil joint is designed to connect two i .
extruded high-voltage cables XLPE 64/110 kV. Main components.

Joint MCB 126 could be produced in different * pressed or screwed connection sleeves for

designs: with screen wires direct connection, cooper or aluminum conductors;
cross-bonding connection of different cable * Insulator (silicone pre-molded joint body with
phase wires screen (screen cross-bonding), elements for electrical field stress control):

wires screen connection with optical fibers in

the metal tubes * speclal tapes for different purposes;

* protective covering by shrinkable tubes and
sleaves;

* cooper case protection:

* coffin box protection.

High voltage cable
=Pi"o_t,ec:tia_n coflar

Heat-shrinkable tuba

Compresslon sleeve
for screen

High voltage cable

Compression slesve\.




Area of application

Type MCB 126 Installation

Phase voltage 3% 64 In the ground

Line voltage kv 110 Cn the air

Maximum system voltage kv 126 QOutdoor and indoor +

Cabte conductor cross
section range

mm? 185 =+ 2000

Maximum cable sheath

diameter mm 115
Maximum cable insulation

diameter mm 9
Nominal minimurn insulation mm 105

thickness




Technical data

Electrical parameters:

Climatic characteristics:

Temperature -50°C / +45°C

AC voltage withstand test

160 kV for 30 min

Partial discharges

<5 pC at 96 kV

Stress-cone routine tests:

Impulse voltage
(10+/10- impulses)

550 kV

AC voltage withstand test 160 kV for 30 min

Partial discharges <5pC at 86 kV

Current load rating:

Cable sheath test voltage:

Rated operaticnal
current:

limited by cable
specification

Short circuit current:

limited by cable
spacification

10 kV
AC voltage within 1 rmin

20 kV
DC voltage within 1 min

Mechanical characteristics:

Approximate weight, kg 35




110 kV (126 kV)
Cross-bonding joints MCB 126 X

The cross-bonding joint MCB 126 X is designed
to connect two extruded high-voltage cables
XLPE 64/110 kY with cross connection of
wire screens. Screen outiet from both sides
is provided by cross-bonding cable. There is
the dielectric insertion in the joint for screen
interruption.

J@@position cable

Heat shrinkable tube

Compresslan slesve

for cable scréen
Joint biody

Compression slesve
/ o N ) for cable screen

Transposition cable

[Pﬁgh_\@llage_cgbi@_

Cotnpression slesve / \

M@L@L@Egi_xmde

High voltags.cable.




High voltage cable

Joint body "

Compression slaeve

110 kV (126 kV)
Joints with optic fiber connection MCB 126 O

Heat-shrinkable tube

Snp

The joint with opric fiber connection MCB
126 O is designed to connect two extruded
high-voltage cables XLPE 64/110 kV with
connection of wire screens including optical
module.

The design of joint includes splice box for
connection of fiber-optical modules embended
in the high-voltage cables screens.

lice. box

Compression sleeve
for cable screen

High voltage cable




The transition joint MCB 126 T is designed
to connect two extruded high-voltage cables
XLLPE 64/110 KV. Transition joints MCB 126 T
are designed lo connect cables with different
conductors cross-sections including solid
conductors connection and different insulation
thickness,

gh voltage cable

Protection collar

110 kV (126 kV)
Transition joints MCB 126 T

Transition sleeve

Compression sleeve for screen
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132 kV (145 kV)

Terminations MKB 145

Connetlor

24

Stress-cone

Arkasil termination with composite type insulator
is used for cable line connection to other
elements of power-supply systems. Termination
MKB 145 is used for outdoor and indoor
instalfation, for XLPE cables 76/132 kV with the
conductor cross-section up to 2000 mm2

Basic components

Insulator:

* composite type insulator with glass fiber
reinforced epoxy resin tube and silicone
rubber sheads:

* sheds color-light gray;

* top and bottom flanges glued and sealed to the
composite insulator.

Cable end:

* pre-moulded and factory-tested silicane stress
cone;

» cable end;

* base plate;

* branch pipe with flange;

* support insulators;

* seals and fixing materials;

* unpressurised synthetic oil as an insulating
compound;

* optic fiber outlet,

PP




Area of application

Type MKB 145
Phase voltage kV 76
Line voltage kV 132
Maximum system voltage kY 145
Cable conductor cross 2 .
section range mm? 185 + 2000
Maximum cable sheath

diameter mm 115
Maximum cable insulation

diameter mm 91
Installation options:

On support +

On high-voltage N
power transmission line

On support at an angle +

Installation can be simplified by assembling the
termination horizontally on the ground before

litting it into place.




Technical data

Electrical parameters:

AC voltage withstand test 190 kV for 30 min
Partial discharges <6 pC at 114 kY
Impulse voltage

(104/10- impulses) 650 kV
Climatic characteristics:

Temperature -60°C / +45°C

Nominal operating current:

limited by cable specification

Stress-cone routine tests for MKB 145:

AC voltage withstand test 180 kV for 30 min

Partial discharges <bpC at 114 kV

Cable sheath test voltage:

10 kV
AC valtage within 1 min
DC voltage AoKY

within 1 min




Type MKB 145
Cable conductor cross 2 .
section range mm 185+1600
Maximum allowed af A0V
inclination angle 30°(45°)
Termination length, L mm 1863 1875
Creepage distance

length mm 4300 4820
Pollution level in accordance m IV
with 1EC 60137

Volume compound I 32 38
Weight kg 108 113
Maximum allowed KN 35 35

force on top connector

Mayimum allowed inclination angle up to 45° is
only offer approval.




132 kV (145 kV)
Joints MCB 145

Arkasil joint is designed to connect two extruded Main Com ponents:

high-voltage cables XLPE 76/132 kV. Joint MCB
145 could be produced in different designs: with * pressed

screen wires direct connection, cross-bonding COOpEr O
connection of different cable phase wires « insulator
screen (screen cross-bonding), wires screen elements

connection with optical fibers in the metal tubes.

or screwed connection sleeves for
r aluminum conductor;

(silicone pre-molded joint body with
for electrical field stress control);

special tapes for different purposes;

* protective covering by shrinkable tubes and

sleeves:

* cooper case protection:
* coffin box protection,

High voltage cable
Protection collar

Heat-shrinkable-tube

Compression sleeve\

Compression sleeve

-for screen

High voltage cable




Area of application

Type MCB 145
Phase voltage kV 76
Line voltage kv 132
Maximum system voltage kv 145
Cable conductor cross s .
section range mm? 185+2000
Maximum cable sheath

diameter mm 115
Maximum cable insulation

diameter mm o
Nominal minimum insulation mm 14

thickness

Instailation:

In the ground

On the air

Outdoor and indoor




Technical data

Electrical parameters:

Climatic characteristics:

Temperature -50°C [ +45°C

AC voltage withstand test

190 kV for 30 min -

Partial discharges <bpCat 114 kY

Stress cone routine tests:

Impulse voltage

{10+/10- impulses) 650 kv

AC voltage withstand test 180 kV for 30 min

Partial discharges <bpC at 114 kv

Current load rating:

Cable sheath test voltage:

Rated 10kV
operational limited by cable specification AC voltage within 1 min
current
20 kv
o DC voltage e .
Short circuit o I within 1 riin
current limited by cable specification

Mechanical characteristics:

+ Approximate weight, kg 35
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132 kV (145 kV)
Cross-bonding joints MCB 145 X

The cross-bonding joint MCB 145 Xis designed
to connect two extruded high-voltage cables
¥LPE 76/132 kV with cross-connection of
wire screens. Screen outlet from both sides
is provided by cross-bonding cable. There is
the dielectric insettion in the joint for screen
interruption. -

‘Transposition cabls

\
\

Heat shrinkable tube

Compression sleave
for cable-screén

Compresslon sleve
for cable screen

Transposition ¢able

[Ejigh voitage cable

Compression sleeve /

Metal e!ectrodé} ' o
High VO“&QM




132 kV (145 kV)

High voltage cable

Heat-shrinkable tube

Joints with optic fiber connection MCB 145 O

The joint with opric fiber connection MCB
145 O is designed to connect two exiruded
high-voltage cables XLPE 76/132 kV with
connection of wire screens including optical
modulse,

The design of joint includes splice box for
connection of fiber-optical modules embended
in the high-voltage cables screens. .

Jolntbody "
Compression sleeve /

_Splice box
Coampression sleeve
for cable screan

High voltage cable

RN I
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220 KV (252 kV)
Terminations MKB 252

Connegtor
Cap

Top plpe.

Sealing plate

Filling campound

Insulator

HV cable

Siress-cone.

Centerihg
insert

Sleeve
Bassaplate

Angle

Branch pipe

Arkasiltermination with composite type insulator
is used for cable line joints with other elements
of power-supply systems. Termination MKE
252 is used far outdoor and indoor Installation,
for XLPE cables 127/220 kV with the conductor
crass seclion up to 2500 mmz.

Basic components

Insulator:

* composite type insulator with glass fiber
reinforced epoxy resin tube and silicone
rubber sheds;

* sheds color-light gray;

* top and bottom flanges glued and sealed to the
composite insulator.

Cable end:

* pre-moulded and factory-lested silicon stress-
cone,

+ cable end;

* base plate;

* branch pipe with flange:

* support insulators;

* seals and fixing materials;

* unpressurised synthetic oll as an insulating
compound,;

+ optic fiber outlet,

-~




Area of application

Type MKB 252
Phase voltage kv 127
Line voltage kY 220
Maximum system voltage kv 252

Cable conductor cross
section range

mm? 4002500

Maximum cable sheath

diameter mm 150
Maximum cable insutation

diameter mm 108
Installation

On support +
On high-voltage power .
transmission line

On support at an angle +

Installation can be simplified by assembling the
termination horizontally on the ground before

litting it inte place.

a
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Technical data

Efectrical parameters:

AC voltage withstand test 318 kV for 30 min

Partial discharges <6 pC at 190 kV

Impulse voltage ‘
{10+/10- impu]ses) 1050 kv

Climatic characteristics:

Temperature -50°C { +45°C

Nominal operating current:

Rated operational - 04 by cable specification

current

Short circuit - N

current limited by cable specification

Type MKB 252
6190, 7636,

Creepage distance length  mm 8058, 8903,
9858, 10382

Pollution level in accordance
with |EC 60137; [Lul, v
GOST 9920-89

Stress-cone routine tests for MKB 252:

AC voltags withstand test 318 kV for 30 min

Partial discharges <5pC at 190 kV

Cable sheath test voltage:

AC voltage 10 kv

DC voltage 20kV

Mechanical characteristics:

Maximurn allowed inclination

angle 30° (45°)
Approximate weight, kg 350
Maximum allowed force on
top connector, H 5000
Type tests according to IEC 62067. (

30" (467
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220 kV (252 kV)
Joints MCB 252

Arkasil joint is designed fo connect two i .
extruded high-voltage cables XLPE 127/220 Ma'n components.

ky. Joint MCB 252 could be produced in « pressed or screwed connection sleeves for

different designs: with screen wires direct cooper ar aluminum conductors;
connection, cross-bonding connsction of + insulator {siicone pre-molded joint body with
different cable phase wires screen (screen elements for electrical field stress control);

cross-bonding), wires screen connection with

optical fibers in the metal tubes. « special tapes for different purposes;

+ protective covering by shrinkable tubes and
steevos;

* cooper case protection;

+ coffin box protection.

_High voltage cable
/1

Proteéting -collar

Heatl-shrinkable tube

Metal electrode

Cornpression slogve
for scresn

Joint body e -

ngme_s»ﬁi;qn_s!e_@@/
Windin




Area of application

Type MICB 252
Phase voltage kV 127
Line voltage kY 220
Maximurn system voltage Y 2562
Cable conductor cross 2 .
section ranye mm* - 400+2500
Maximum cable sheath

diameter mm 150
Maximum cable insulation

diameter mm 108
Instalfation

In the ground
Cn the air

Qutdoor and indoor




Technical data

Electrical parameters:

AC voltage withstand test 318 kV for 30 min

Partial discharges <5 pC at 190 kV

lmpulse voltage

{10+/10- impulses) 1050 kv
Climatic characteristics:

Temperature -50°C [ +45°C
Current load rating:

Rated operaticnal limited by cable
current specification
Short circuit current limited by cable

specification

Straess-cone routine tests:

AC voltage withstand test 318 kV for 30 min
Partial discharges <5pC at 190 kV
Cable sheath test voltage:

AG voltage witr:ig };Vmin
DC voitage witﬁig ?Vmin

Mechanical characteristics:

Approximate weight, kg 80

Type tests according to IEC 62067.




220 kV (252 kV)

Cross-bonding joints MCB 252 X and joints with
optic fiber connection MCB 252 O

The cross-honding joint MCB 2562 Xis designed The joint with opric fiber connection MCB
to connect two extruded high-voltage cables 252 O is designed to connect two extruded
XLPE 127/220 kV with cross-connection of high-voltage cables XLPE 127/220 kV with
wire screens. Screen outlet from both sides connection of wire screens including optical
is provided by cross-bonding cable. There is module. The design of joint includes splice box
the dielectric insartion in the joint for screen for connection of fiber-opticat modules instailed
interruption. in the high-voltage cables screens.

MCB 2582 X0 (
2450

_.._2470_,,]50I . 2450 —_— 0 200
b
£ o ey l_.—\
= LT T~ =
R B ]
Bt JJ_-J.J—"/
+ ® 300

igh voltage cable
_Heat-shiinkable tube
Splica box

si . e - JDE..‘.".....L b‘?.?_)f iOﬂ
MCB 252 X S sy o e oo Sheae

Haat shrinkable (uba

Compression sleave
for cable screen

Comprosslon slesve MCR 252 O
for cable sereen

Transposition cable

N
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220 kV (252 kV)
GIS terminations MBEB 252

Arkasil GIS terminaticns are designed 1o
connect cable lines to the gas insulated
switchgear. Also, they are named GIS plug-
ing, GIS adaptors. GIS terminations conform
to tEC 62271-209. GIS termination consists of
epoxy insulator and plug-in part. Due to such
design, a cable can be disconnected from
the GIS and be connected again. The epoxy
insulator can be delivered with GIS or wiih
plug-in part.

Flange

plates

mm

Branch pipe

\Sealing

Conneclor Half-rings Stress-cohe MCRB 252 X




Area of application

Technical data

Area of application MBB 252 Electrical parameters:
Phase voltage kv 127 AC voltage withstand test 318 kV for 30 min
Line voltage kv 220 Partial discharges <5 pC at 190 kV
Maximum system voltage kv 252 Impulse voltage
(10+/10- impulses) 1050 kv

Cable conductor cross mm2  400-2500 P
section range ’
Maximum cable sheath Climatic characteristics:
diameter mm 150

. Temperature -50°C | +45°C
Maximum cable mm 112

insulation diameter

Current load rating:

Rated operational
current

limited by cable
specification

Short circuit current

limited by cable
specification

Stress cone routine tests for MBB 252;

AC voltage withstand test

318 kV for 30 min

Partial discharges

<5pC at 190 kV

iMechanical characteristics:

Approximate weight, kg

350

Length, mm

1300
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HEAT-SHRINKABLE COMPONENTS

Heat shrinkable cable end caps

Heal Shrinkable cable End Caps are used to seal
the ends of all types of Cables protect from ingress
of water/moisture. The caps are manufactured
from high quality cross linked polyolafin material.
Compatible with most commonly used Cable
Jackets i.e. XLPE, PVC, PILC or Rubber Sheathed
Cable.

Hot Melt adhesive lining provides seal on irragular
cable sheaths.

Excellent resistance to weathering, moisture,
contamination and adverse  environmental
conditions,

A

rea of application:

valved end caps avallable for pressurized
application for Telecom cables;

special Relief valved End Caps available for
degassing application in High Voltage Power
cables;

high voltage (non tracking) End Caps available

for sealing live parts; x
conductive End Caps are available with (
conductive mastic.




Technical specification

Type Standard Type Standard
Physical properties: Low Temperature Flexibility:
Tensile Strength (l\fo S’ ?;n’:‘: \ AN (-40°C for 4 hrs.) No Cracking o101
- ' . 350% ASTM Heat Shock No cracking
Ultimate Elongation {rmnin) D638 (250°C for 30 min.) or flowing £S109-11
Density 105402 AN %TT']’E; e 125°C [EC216
Hardness S‘jﬁ oi: % S;‘S;% Temperature range + fgotfc IEC216
. ASTM
Water absorption 0.2% {max.
i (max)  bs70 Electrical properties:
Thermal properties: Dislectric Strength 12 (fr\#] r?m. %51%‘
. 120°C for ASTM 14
Accelerated ageing ( g 1X 10" Ghm, ASTM
500 hrs) D2s71 Volume Resistivity om (min) D257

. 11 N/mm2 ASTM
Tensile Strength (Mpa) (min) D638 Dislectric constant & (max.) Al
Uimate Elongation  300% (min.) ‘B

AJEC 701 @ 15250 mm.




Code

D min (mm)

D max (mm)

T£10 (mm)

Length (min)

Cable

diameter

ASEC 0018 6 2.0 2.0 25 2-4
ASEC 001 12 4.0 2.3 38 4-8
ASEC 001L 12 4.0 23 58 4-8
ASEC 001A 14 4.0 2.3 58 4-11
ASEC 101 20 7.5 2.3 55 8-16
ASEC 101 L 20 7.5 25 75 8-16
ASEC 101 A* 25 8.0 2.3 75 8-20
ASEC 102 30 11 2.5 7% 12-26
ASEC 102 A 35 11 25 75 12-30
ASEC 201+ 40 185 3.3 90 16-35
ASEC 201 L 40 15 3.3 120 16-35
ASEC 201 AL 45 15 3.3 120 16-40
ASEC 301* 55 25 3.8 122 25-47
ASEC 301 L 55 25 3.8 170 25.47
ASEC 301 AL 63 25 3.8 170 25-55
ASEC 401* 75 35 3.8 140 35-68
ASEC 401 L 75 35 4.0 180 35-68
ASEC 501 S 85 45 4.0 160 45-80
ASEC 501* 100 45 4.0 160 45-90
ASEC 501 L 100 45 40 200 45-90
ASEC 501 AL 120 45 4.0 200 45-110
ASEC 601* 130 60 4.6 160 64-120
ASEC 701* 154 60 48 165 70-145
ASEG 801 230 120 5.5 220 140-200
ASEC 901 310 120 5.5 220 140-280
ASEC 1001 400 200 6.0 220 230-380

* Widely applied




HEAT-SHRINKABLE COMPONENTS

Heat shrinkable tubes

Heat Shrinkable Tubes ASMW and ASHW are
medium wall and heavy wall biack tubes, ASMW
tubes are used for environmental protection of
cable termination and insulating the connectors
for straight through joints/splice. ASHW tubes
are used for mechanical protection and outer
sealing of underground straight through cable
joints / splice.

Technical specification

+ these tubes are manufactured from high quality
cross inked polyolefin material;

+ optionat hot melt adhesive lining for complete
environmental protection and insulation;

¢ excellent resistance to weathering, UV rays,
chemical and solvents;

+ maximum cut length available up to 1500 mm;

« custom dimensions, thickness, length & colours
available on request;

« conforms to [EC standard.

i +
Code tomy Gy ()
ASHW 12/3 12 3 2.4
ASHW 19/6 19 6 2.5
ASHW 30/8 30 8 3.0
ASHW 43/12 43 12 4.0
ASHW 51/16 51 16 4.0
ASHW 72/22 72 22 4.0
ASHW 85/25 85 25 4.0
ASHW 105/30 105 30 4.0
ASHW 120/36 120 36 4.0
ASHW 140742 140 42 4.2
ASHW 160/50 160 50 4.3
ASHW 180/55 180 55 4.3
ASHW 200/65 200 65 4.3
i +
(oo Gy
ASMW 10/3 10 3 1.0
ASMW 12/4 2 4 1.8
ASMW 19/6 19 6 2.0
ASMW 27/8 27 8 2.5
ASMW 33/10 33 10 2.5
ASMW 40/12 40 12 25
ASMW 50/16 50 6 2.6
ASMW 70722 70 22 2.7
ASMW 90/28 90 28 3.0
ASMW 115/34 118 34 3.0
ASMW 130/36 130 36 3.0
ASMW 140/42 140 42 3.0
ASMW 160/50 160 50 3.0
ASMW 180/60 180 60 3.0
ASMW 200/70 200 70 33




Type Standard
Physical:

Tensile Strength 12 N/mm? (Temperature range){min.) ASTM D838
Ultimate Elongation 350% (Min.) ASTM D&38
Longitudinal Change -10% (Max.) ASTM D2671
Density 1.15 = 0.2 gfom?® ASTM D792
Hardness 45 = 10 Shore D ASTM D2240
Water Absorption 0.5% (max.) ASTM D570
Thermal:

Accelerated Againg (120°C for 500 h) ASTM D267
Tensile Strength 11 Nfmm? (Mpa) (min.) ASTM D 538
Ultimate Elongation 300% (Min.) ASTM D 638
'(_Zgog';‘;firit“;re Flexibility No Cracking ASTM D2671
Heat Shock (250°C for 30 min.) No Cracking or flowing ESI 09-11
Shrink Temperaturs 125°C IEC 218
Temperature range -40°C to + 110°C IEC 216
Electrical:

Dielectric Strength 12 kV/mm. (Min.) ASTM D 149
Volume Resistivity 1 x 10" Ohm.cm {(min.) ASTM D257
Dislectric Constant 5 (Max.) ASTM D150




HEAT-SHRINKABLE COMPONENTS

Heat shrinkable wrap around sleeve

For the protection of Cable joint

For Cable Repairs

Heat Shrinkable Wrap Around Sleeve is a
cross linked polyolefin tube which is folded
around the cable/pipe, zipped up with a
stainiess steel channel and then heat shrunk.lt
is also called as {Cable Repair Sleeva).

Shut down of system not
required for repair

hot melt adhesive provides complete
envirocnmental seafing and insulation;

high resistance to UV rays, chemicals,
corrosion, fungus, etc.;

temperature sensitive paint changes colour
when heat shrinking process is complete;
maximum length available up to 1500 mm.

For corrosion protection of Oil, Water & Gas pipeline




Technical specification

Diameter Thickness

(D) (220%) Application
o oy

Code & g 2 T
o > g B g
0. o o T q
=] 9 o O
) o g

ASWS-

55/8 55 8 27 42-8

ASWS-

76/18 76 18 2.7 62-22

ASWS-

105/28 105 28 2.7 92-30

ASWS-

140/35 140 35 2.7 122-38

ASWS-

190/46 190 46 2.7 160-50

ASWS-

240/50 240 50 27 200-55

Type Standard
Physicals:
Tensile Strength (IQA?PE)! r(':m;) fgsegfgﬂ
Ultimate Elongation  300% (Min.) gSGTgfg
Longitudinal Change -10% (max.) é“gg;\q
Water Absorption 0.2% (max.) A[‘g%
E)Sr%goés . No Crack %%1%1
Torchability Nosplit Ti 581
Thermal:
Accelerated Ageing “ggsﬁ];m égg%]
Tensile Strength (&ggf?:n”ﬁ \ SSGTSI\Q
ASTM

Ultimate Elongation  220% (Min.) Al

Temperature indicating Paint Conversion:

150°C for 30 min No Change Visual

o ; Colour ,
250°C for 5 min Cahnge Visual

Electrical:

Dielectric Strength f 2(IRA\?£rr;m. S?Igﬂ

All dimensions in mm.
Length as per requirement (maximum 1500 mmj.

-




EARTHING AND

- CROSS-BONDING BOXES

»

Earthing boxes

Earthing boxes are designed for earthing of
cable screens when setting up 110 1o 500 kV
line.

Main components:

stainless steel box with a sealed hood;
sealed cable inputs;

device housing earthing;

surge arrester (standard, network, voltage
6 KV

insulators (standard, voltage rating 10 kV);
copper buses for connection of insulators
(for opening the circuit);

sealed cable terminals to be crimped.

Technical specification:

cross-bonding cable input is designed to
prevent moisture from getting inside the
box as well as to ensure that cable can be
installed and removed from the box without
taking a cable lug off;

copper is a material of the cable conductor;
a cable with conductor cross-section of
400 mm? is used.




Cross-bonding boxes

Cross-bonding boxes are designed for cross-
connection of six single-core cables and for
power transposition of HV cable screens when
setling up 110 to 500 kV line.

Main components:

stainless steel box with a sealed hood:;
sealed cable inputs;

device housing earthing;

surge arrester (standard, network, voltage
6 kV};

insulators (standard, voltage rating 10 kV);
copper buses for connection of insulators
(for opening the circuit);

sealed cable terminals to be crimped.

Calculated weight 66 kg

Protection grade Pe8

Installation:

L]

boxes are suitable for underground laying;
the device design allows it to be installed
both on a horizontal and vertical plane;

the device can be fastened both directly on
the floor/ wall and on a metal structure:

the box can be fully submerged in water:

a wire input Is sealed using rubber gaskets
and heat-shrinkable tubes:

KTK construction allows to install the box in
wells fitted with standard hatches per GOST
3634-89, with opening diameter D=600 mm,
without dismantling the box and/or removing
the hatch ring.




SUPPORT ASSEMBLY

Support assembly is designed for inslallation of
joints.

Support assembly consists of steel corners with
supporting stand for installation of joints.




Application

CABLE CLAMPS

Clamping of all types of medium, high and extra high voltage cables.

Cable clamps

Cable clamps

RKK series YKK3 series

Type Quter cable diameter Type Quter cable diameter
RKK-25/40 25-40mm YKK-35/55 35-55mm
RKK-40/60 40 - 680 mm YKK-40/70 40-70 mm

Cable clamps

Cable clamps

for voltage for high voltage

cables VKK cables VKK3

series serles

Type Outer cable diameter Type Outer cable diameter

VKK-65/20 65 - 90 mm' | VKK3-65/90 65 - 90 mm

VKK-85/105 85 - 105 mm VKK3-85/110 85-110 mm
VKK-100/125 100 - 125 mm VKK3-110/135 110 - 135 mm
VKK-125/150 125 - 150 mm

VKK-145/170 145 - 170 mm PST-80 (elastic inlay)

YKK-60 Series

Type

Application

Fixation of cahles and
support of weight in
vertical installations.

Material
Silicone gasket is made
of organosilicon.

Outer cable diameter T

YKK-60,YKK2-60 -
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CABLE CONNECTOR

For connection of termination to cable lines it is
necessary to use cable connectors, Arkasil SK
delivers aluminium, bronze and bimetallic cable
conhectors.

NUIN @50

_ 100




TERMINATION SPLICE BOX

It is applied for connection of tiber-optical
modules installed in the high-voltage cables
screens,

Splice box is a protective metal tray, safety
class IP66, with 4 inputs for fiber-optical
modules, 2,5 - 5,5 mm2in diameter. It protects
the connection point and is applied to store the
fiber stock necessary for repair or preventive
works.




It is applied for connection of fiber-optical
modules installed in the high-voltage cables
screens. A joint splice box is a protective
rubber base with slots and channels for the
opticat fibers, it provides connection of the
modules, protects the connection point.
it is fixed during the joint installation. The
supply complete set includes all necessary
accessories for the optical modules welding.

JOINT SPLICE BOX




TOOLS FOR ARKASIL SK
CABLE ACCESSORIES INSTALLATION

installation Teol Kits
1010 Kit
The installation tools including all necessary

items for the high-voltage cable and cable
accessories preparation and installation.

Unicut 30 Universal Cable Machine

For removal of the semi-conducting screen and
insulation from the high-voltage cables, the
30mm-85mm diameter aver insulation.

Unicut 40 Universal Cable Machine

For removal of the semi-conducting screen and
insulation from the high-voltage cables, the
70mm-125mm diameter over insulation.




1000 kg Belt Winch
For pulling the silicon insulator on the cable.

Cable Heating Kit
1080 Kit

For the high-vollage cable heating. In addition,
the kit shall include the temp and controlling
insiruments.

Winch-to-Cable Fixing Device
The device is fixed on the cable, and has terminals
for fixing the winches,




ArKasi.

B SUPERVIS!ON SERV)
'Arkasﬁ SK renders serwces “on’ Installation. and: superwsion of own:high

VOltage cableaccessories, Qur- Instaﬂaﬂon superwsmn sénvices for the
_cable-accessorles shall mean:. ; '

. governed by-thé normative documents includmg “The Regu[ations For_ :
- Installation/. Supervision®, 'govermng the bases- for grantmg consultlng,
'-_serwces and the contraotual relatlons in general

52




o ArKasiu

INSTALLATION'SERVICE = ==
. ..lr\_'stallatiph~'of, the Arkasil SK cable 'accé_ssories;_;by_the specialists.

FOR MORE INFORMATION
on the installation afx sUp‘er’visio'm“p_r_s)Vid

) 787-67-60

25
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ArKasiu

1)

at the training-center located. at the- Arkasil-SK production-faci
the educational process, Arkasil SK renders the" traihing sefvl
production facllities: = -.x b

Arka_éil SK’ar“rérjges' traihfng for-the. insta[latioén]cohtfaétof sp’eCiaiIéiS The tr i




. ;Th eory tramlng
: ‘_F’ractica_l tralning:
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