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Newer technologies in the field of HYDC1 for both cables and converters 1
allowed to extend the range of solutions available for choosing the suitable

type of transmission system
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Advantages:simple, o maintenancgehigh availability
Drawbacks: heavy cabls, limited ength (50150 km) rigid
connectiorfor power contro] requires compensationasance

Transmission Solution:
AC

AC

Advantages: less mmberof cables, lightercables, o limits in
length low cable and corersion bsses good pwer flow

control very high power transmigs
Drawbacks: needs strong AC networksannot feed isolates
loads polarity reversafor bi-directional power flow,drge space
occupied gecial equipment (trafo, filters)
Advantages:Can feed isolated loads (oil platforms, wind paf
small islands, etc.)nodularity, small space and enginmental
Impact no polarity reversalgandard equipment

Drawbacks: higher conversion lossgeslimited experience
limited power

Advantages: asynchronous connection (similar as D@wer
AC/DC/AC conversion cost and space required

Drawbacks. heavy cable, limited ength (50150 km) requires
compensation reactanceseds strong AC networks
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Cables used for HVDC transmission are mainly of three types:

AMI: Insulated with special paper, impregnated with high viscosi ty compound
A SCFF:Insulated with special paper, impregnated with low viscosity oil
AExtruded: Insulated with extruded polyethylene -based compound

Mass Impregnated Self-Contained Fluid Filled
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In general, an HVDC System includes converter stations and a transmission line
which can be composed by various sections, sometime including OH. lines, land

and submarine cable.
The HVDC Cable System s typically made by:

Intermediate and
transition Joints

¥ —
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End Terminations,
Outdoor or Indoor type

Submarine and
Land Cable
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Mass Impregnated Cablesare the most used; they are in service for more than 40
years and have been proven to be highly reliable. At present used up to 500 kV DC

Copper conductor

Semiconducting paper tapes

Insulation of paper tapes impregnated with viscous compound
Semiconducting paper tapes

Lead alloy sheath

Polyethylene jacket

Metallic tape reinforcement

u“.! o T ) Syntetic tape or yarn bedding

“\“g“‘|l/ Single or double layer of steel armour (flat or round wires)

Polypropylene yarn serving

SUBMARINE CABLE DESIGN
Typical Weight = 30 to 60 kg/m - Typical Diameter = 110 to 140 mm

For application in Underground Systems:

AMI Cables in general have an external PE sheath, applied abovereinforcement
ATypical lengths are up to 1000 m (limitation is about transport ation)

AJoints are similar to the flexible type joints used for repair of submarine cables

Mass Impregnated Cablesare designed for a conductor temperature of 55 ° C.
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HIGH PERFORMANCE HVDC MASS

IMPREGNATED PPL CABLE

The need of making clean energy more widely available
and a more competitive energy market are challenging
cable makers to develop new products and systems that
allow to economically deliver bulk power < er longer
distances.

Up to now, Se=¥ ™ ve been
Clat and DC
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et work on materials and
_.oned out by Pirelli in recent years has now
~u to a product in which the advantages of both
technologies are brought together. The use of PPL in
combination with a viscous compound has significantly
increased electrical and thermal performances of HVDC
cables and has opened the way for system planners to
a range of unprecedented technical and economical
possibilities.

Polypropylene

Laminate Paper
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" Qualification Program

An extensive Qualification Program including electrical
and mechanical tests according to CIGRE
recommendations has been camed out on full-size
cables of different conductor cross section.

Tests started early in 1999 with Load Cycle, Polarity
Reversal and Superimposed |Impuls- AVDC at
voltage correspondino - vels for
cables up tm =7

™ PL Cab_\es 39 with
oxiensVe  Load

ovid \es
10 p( ca'O > DEeen
. closest fof J \_Lm of 840 KV,
Ci 50\\.\“0 —.n2 Operating voltage of GO0 kY.

Ce .owernng the extensive duration of the Test
Program as well as the severe conditions under
which tests were performed, this test program can be
considered as equivalent to a Long Term Test. More
than 70 years of operation have been simulated. Vertical Test loop at CESI, h=21m
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QUALIFICATION STATUS FOR HVDC EXTRUDED

The final performance of the cable and its
accessories, is checked withType Tests
carried out on a miniature circuit including all
the parts that will constitute the real cable
system: cable, joints and terminations.

Tests are very severe, including thermal daily
cycles, polarity reversals and impulse. They
are recommended and specified by CIGRE

Long term tests (one year) according to Cigré TB 219 on a miniature
circuit including cable and all types of accessories were:

- successfully concluded in 2004 for a nominal voltage of 200 kV
(average op. stress 16 kV/mm)

- successfully concluded in 2007 for a nominal voltage of 300 kV
(average op. stress 24 kV/mm)

.
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For extruded cables, the
increase of power (through
larger cross sections and/or
increased voltages) shall be

coordinated with VSC
equipment performances.

At this moment, the
maximum transmissible
power for the combination
of VSC converters and
extruded cables is in the
range of 800-1000 MW
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