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Cable system design
AC versus DC

Cable system
v Cable
v' Joint
v Termination

Land links Submarine links
» Transportation of long length of » Easy to transport long length of cable
cable is difficult » In case of breakdown = difficult to
» In case of breakdown = repair of repair the link
the link is easy l
‘l’ Two dedicated joints :
One single joint design: > Factory joint
» Field joint > Repair joint
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Long length AC link can be achieved through
shunt compensation
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Converter technologies for DC links

‘ Sending or Receiving ‘ ‘ Receiving or Sending ‘

Hne Commutated LCC HVDC
ith Thyristor Elements

Convertor station at

+500 kV

K ——
bOth endS 0il Rigs S00 kY 4:8:} Onshore
onishore | FAlSSpUEEIAVOOPIUS) | ain Grid
A -150 kV %:8)-
L— A
LCC technology (thyristors) VSC technology (transistors)
* Reversal of the power flow = polarity on the » Allows to reverse the power flow without
cable system is reversed changing the polarity of the cable system
« Used up to very high powers » Gives more flexibility to network operators
(800 kV - 5000 MW) e Currently used up to 320 kV

« Site area relatively large T 1400

— Losses vs¢C . ¢ -

Gen. 1 A
2,5% - 1000
Gen. 2 /

2,0% , 800 z

1,5% Ll 3, 600

1,0% - —"\'Gm 4 00

HVDC Classic Loc |
0,5% 7 200
0.0% , : 0 Losses of VSC and LCC
1995 2000 2005 2010 2015
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Example of long length AC cable system
XLPE Land cable system 500MW 225kV PACA

Reinforcement of the unique 400kV OHL to
supply the South East of France area is made
using 225kV underground cables

|

3 links:
 Boutre-Trans: 65 km
S | « Biancon-Fréjus: 25 km
Map of the underground 225kV links * Biancon-La Bocca: 20 km
(green) and OHL (red)  /
» Total number of joints = 3x68
‘é/ﬂ e Drums are up to 50 T (=1400 m)

» Conductor cross sections: 2000 and 2500mm?2
depending on the thermal environment.
» 2500mm?2 cable has a diameter = 130 mm,
weight = 33 kg/m.
V

Shunt reactor at each substation (160MVAR)

2500mm2 enamelled copper
225 kV XLPE Cable
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Examples of long length DC cable systems
Mass Impregnated 400MW +/- 250kV Cometa link

Area | - Peninsula . .
—— Connection between Spain and Mallorca
ey l

Area 2 — Mallorca _.-“Q
............................... oute . . .
Puters e s j: - (250km) in one laying campaign (7000T)

.".' 0
&.quudemubk
Mallorea - Ibiza
»
Cometa link between Spain and Mallorca
, * MI cable = copper cross section of 750 mm2,
« Cable with a single layer of flat armour wires
for the shallow part of the route up to 200 m

water depth.
* For the deeper water middle section, a double

flat wire armour layer was used

l

LCC converter station at each end of the link

750 mm?2 Cu +/- 250 kV Mass Impregnated cable
Deep water
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Examples of long length DC cable systems
XLPE 400MW +/-200kV Trans Bay Cable

'_;f,._» ; = 5 : Connection between area of Pittsburg to the city

A

and county of San Francisco

|

» Copper conductor size of 1100 mm? -
Compacted circular design — Filled with
water blocking compound.

» Extruded insulation : XLPE for HVDC
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Submarine cable installation route (blue for Route length : 83 km
shallow waters and yellow for deep waters) ‘l, '

» Barge used for the shallow water section of the

route
» Cable ship Giulio Verne was used for the
deeper water sections

|

VSC converter station at each end of the link

1100 mm2 Cu +/- 200 kV XLPE cable
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Examples of long length DC cable systems
XLPE 2x 1000MW +/- 320KkV France/Spain Interconnection

France

Languedoc-Roussillon

Baixas

\O Perpignan

.\o Figueres
Sta Llogaia

Spain

Catalonia

INELFE layout

2500 mm?2 Cu +/- 320 kV XLPE cable

Interconnection between Spain and France across
the Pyrenees

Cables and accessories have been subject to long
term and short term testing, in accordance with
Customer requirements, derived from Cigré
Technical Brochure 219

64 km, 2 bipoles (total cable quantity = 256 km)

y

e 2500 mmz2 copper conductor

» Extruded insulation

» Longitudinally welded aluminium sheath
* Plastic over sheath

|

VSC converter station at each end of the link
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Use of power transmission technologies

MW Use of transmission technologies
interconnection
DC fluid
filled
a0 DC Mass Impregnated

1000

100 200 300 400 km
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HVDC cable design

1. Conductor

Inner semi-conducting conductor screen
Cross-linked polyethylene (XLPE)

Outer semi-conducting core screen

Metal screen

DC extruded cable design is
similar to AC extruded cable
design.

Outer Sheath

The main difference between DC vs AC
design is the use of dedicated
compounds not only for insulation but
also for semi-conducting screens.
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Electric stress in HVDC cables and accessories
Resistive field distribution

DC voltage is applied Circulation of | in the conductor w
After some time constant (1=pg), Joule losses 0y J’{
stress distribution becomes resistive A6 across the insulation 1 Te™ .

Gtress distribution is led by the insulation conductivityw o
O':GOGB+BE
Where stress is higher, insulation Conductivity is increasing with 6
conductivity is better and the - The charges moved away from the
charges are moved away from the . inner to the outer insulation layer
high stress zone to the low one
Resistive Stress,
COLD
Inner Ee
Insul.
Ei \
Outer
Resistive Stress, Insul
.. . . . . . . HOT (L ’
Resistive field distribution with / without cgbze() e
temperature gradient — : >

r [mm]
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Electric stress in HVDC cables and accessories
Space charge field enhancement

Space charge :

» electronic or ionic in nature

» charges can be injected from the semi-conducting shield used in DC power cable geometry
or can be formed by residues dissociation under the action of the electric field

Space charge, is partially fixed inside the bulk of insulation material by traps.
= Charge density measured is in the range of 1 to 10 C/m3 approximately

= |t has been found useful to combine the spatial distribution of space charge to the
measurement of a parameter known as Field enhancement factor (FEF). FEF is defined
as a ratio of the field at a given location as compared to the Laplace field (i.e. field
without space charge).
A material with FEF=1 is the preferred choice for DC application.

15

=

Voltage-on space charge density in model cable |
poled at 25 kV/mm at 20 ° C. 054
Hetero-space charge is accumulated at the
anode as well as at the cathode

p (Cin®)
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Electric stress in HVDC cables and accessories
Space charge field enhancement

The electric field distribution in the insulating
components of the accessory varies depending
also on the shape of electrode and deflector

Similar to cable insulation, DC insulation
resistance (p) and space charge properties
must be evaluated on insulating material of

pre-moulded accessories B |
1EH16 -
Résultats dégradés
— 1B —m———— —— — Grandeur: |Champ elect| Vim
£ Tios ==z | —e— 10KVinm Intervalle / Couleur
g E 0 / 12056785 [ |
= o {0 Kysioen 1,20567E6 | 24113465 ] [
= i 25 iirm 24113486 | 361766 I
=== 36178 | 4,82267E6 1 4 isoval
4,8206TEB | 6,02834E5 ] Gmﬁﬁ”ﬁ?geﬁﬁﬁm eurs
6,02834E5 | 723466 ] Lione / Val
7.23466 | 84396766 | f”e/ O%L‘erEG
513 84306765 | 9,64534E6 ] .
' y ’ : 9645345 | 10,85101F6 | 2/ 0,064E6
0 20 40 80 80 100 108510165 /| 12,05667E5 3 / 0,096E6
Temperature [ °C ) 12,0566786 | 13,2623456 4 | 0,128E6
13,2623465 | 14,4680156 5 / 0,16E6
14,4680156 | 15,67368E5 6 / 0,192E6
: ; 156736865 | 16,8793466 7 | 0,224E6
DC resistance properties of EPDM P | s 7 1 022485
. . 180850156 / 19,29068E6 '
Samples submitted to 8 hours poling S ! 0.288E6

Electric field distribution in pre-moulded joint.

In addition, at each interface where there is a discontinuity of electrical properties (resistivity,
permittivity, time constant...) there is a layer of space charges (Maxwell — Wagner effect) which
affects the field distribution.
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Rating

Dimensioning of the conductor cross section of HVYDC cables takes into account two
limiting parameters:

‘ 1. The rated maximum conductor temperature
2. The rated maximum A6 across the insulation.

In cold environmental condition, A8 is the leading parameter and the maximum conductor
temperature may be never reached.

In case of warm environment, the parameter 1 prevails and the maximum temperature gradient
across the insulation may be never reached.

These 2 parameters must be also considered when designing the overload conditions. That
impacts the way the HVDC cable systems can be used when connected to a generation plant

where there is no redundancy.
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Conclusion

The increasing use of VSC technology where the power flow reversal occurs without
changing polarity of the cable encourages the use of synthetic insulated cables and both
long submarine and underground links are being considered and actively implemented.

The experience of Extruded HVDC cables at transmission voltages is recent (10 years)
as compared Ml insulation (60 years) and HVAC XLPE (45 years).

There is still a large knowledge to build up specially dealing with the dynamic of space
charge under voltage and different temperature profiles over a long period, and the
assessment of ageing mechanisms.
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