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Title Case study 7: A 320kV HVDC submarine bipole

Project Verification CIGRE TB 880

Created Date: 2025-05-26 Time: 13:18 Software version: 8¢9 (2025-05-24)
Arrangement

Arrangement buried project (#46707)
Options None

CIGRE TB 880, guidance points 02, 06, 09, 26, 31
Systems A

Statistics

Number of iterations of the solver Neaic 10

Sum of currents from all systems Toum 2311.1 A

Sum of average conductor temperatures from all systems Ogsym 70 °C

Number of overheated electrical systems 0

Sum of losses from all systems Wsum 115.033 W/m
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Systems

Following systems are active in the arrangement:

#  Object Current [A] Temp. [°C] Losses [W/m] Load
I, e | 0 Wys LF

A 16325 CIGRE TB 880 Case 7 320kV HVDC submar... 2311.1 70.0 | 43.0 115.0 1.00
Objects
Following objects are used:

16325 CIGRE TB 880 Case 7 320kV HVDC submarine bipole
Ambient
Calculation method IEC Standard subsea (preview)
Ambient temperature 0, 15 °C
Thermal resistivity soil pa 0.8 K.m/W
Thermal conductivity soil ka 1.25 W/(m.K)
Volumetric heat capacity soil material Cp, soil 2234.3 J/(kg.K)

1074 k40.2

4.68

Thermal diffusivity soil Ssoil 5.00e-7 m? /s
Ratio thermal resistivity dry/moist soil on 1

pad

pa
Constants
Standard acceleration of gravity g 9.80665 m/s>
Archimedes’ constant T 3.141592653589793
Absolute temperature Oabs 273.15 K
Stefan Boltzmann constant o 5.67036713e-8 W/m?K*
Vacuum permeability 1o 1.2566370614359173e-6 H/m
Vacuum permittivity €0 8.854187817620389%-12 F/m

)
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System A (High voltage cable)
Ampacity
Cable

Rounded value, CIGRE TB 880

Conductor current

I

c

CIGRE TB 880 Case 7 320kV HVDC submarine
bipole

2310 A

2311.1 A

0. — 0, + (114 — 1) AbG, — ’U4A9p — Aby

\/Rc (Tl Fnph (T 4+ M) T2+ (14 A1+ A2+ A3) (npnTs + Nee (Tui + Tuii + Tupva)) + nNecAa (T‘é“ + T4;¢U4))

Operating voltage U, 320 kV
Number of sources in system N. 2
Number of conductors combined Nee 1
HVDC
Conductor current rating-field limited Ieins 2046.43 A
Aei,maz
Rc,insTins

Electrical resistance @ field limited conductor tempera- R ins 1.0279e-5 Q/m
ture

RC20 (1 + . (ec,ins - 20))
Field limited conductor temperature Oc.ins 56.16 °C

Aez max Tins

——— ——=Af 0

Tins Aez c + “

Load
System frequency f 0 Hz
Continuous load LF 1 p.u.
Arrangement
Arrangement flat
Position cable 1 Z1|y1 -1000.0 | 1000.0 mm
Position cable 2 Z2|y2 1000.0 | 1000.0 mm
Separation of conductors in a system Se 2000 mm
Mean distance between the phases m 2000 mm
Geometric mean distance between phases of the same sys- GM D 2 m
tem

Sm
Depth of laying of sources L. 1000 mm
Depth of laying Lem 1m
Outer diameter D, 0.1234 m
Substitution coefficient u u 16.2075

2Lcm

D,

Geometric constant of circle buried Gu 32.384

u+Vu?—1
Temperature
Temperature conductor 0. 70 °C

00 + A0 — (va — 1) A0y + v4AG,
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Temperature conductor shield
00 - (Tct + Tscb) Wc

Temperature of insulation

ec - (Tct + Tscb) Wc - Tins (Wc + %)

Temperature screen/sheath

Temperature sheath

05 _Tl <W0+ %)

Temperature armour

W,
90 — T1 (Wc —+ Td) — TLphTQ (WC (1 + )\1) + Wd)

External temperature object

W,
0. — Ty (WC + J) —npnTa (We (1 4+ A1) + Wa) — npnT3 (W1 + Wy)

2

Temperature rise

Temperature rise conductor

0s
Hsh

Be

Ab.

65.37 °C

51.07 °C

48.65 °C
48.65 °C

46.69 °C

43.01 °C

55 K

T. 1%
Nph (WcTint + Wde) + Nece (Wd (T4z + T4ii + U4T4ss) + (Wc + Ws + Wa'r‘ + Wsp) (T4z + T4ii + 'U4T4u) + Wduct (% + 'U4T4u)>

Temperature rise dielectric losses Aly 0K
Wa (nprTa + nee (Tai + Taii + Tassva))
Temperature difference insulation AD; 14.2963 K
Wa
T’Lns (Wc + 7)
2
Temperature rise by other buried objects A, 0K
q
3" an,
k=1
Critical soil temperature rise Ab, 0K
Losses
Ohmic
Conductor losses (phase) We 57.516 W/m
I.°R.
Armour losses (phase) War 0 W/m
A2 We
Duct losses Wanet 0 W/m
Ohmic losses (phase) Wi 57.516 W/m
We (14 A1+ Az + Az + \g)
Dielectric
Dielectric losses (phase) Wa 0 W/m
Total
Total losses (phase) Wi 57.516 W/m
Wi+ Wa
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Total losses (object) Wiot 57.516 W/m
nphWt
Total losses (system) Ways 115.033 W/m
Thermal resistance
Thermal resistance ambient Tap 0.4869 K.m/W
= Taes = Tasii = 52 (In (9u) + In (Frun)
Mutual heating coefficient Fon 1.414
1 dpkl
ket dpk2
Cable
Internal thermal resistance for current losses Tint 0.4693 K.m/W
T
L+ Ty +T;
Nph
Internal thermal resistance for dielectric losses Ty 0.28371 K.m/W
T
LT+ T
2N
Other characteristics
Earthing
earthing screen/sheath both-side bonding
Variation of spacing No variation
Loss factor
loss factor DC system As none
Drying-out of soil
Characteristic diameter drying zone Dary 0.123 m
Depth characteristic diameter drying zone Ly 1m
Geometric constant of circle drying zone Gdry 1 p.u.
Substitution coefficient g Ja 1
Electrical parameters
System
System length Lsys 1000 m
Power factor cosp 1
Resistance
Electrical resistance conductor R, 1.0768e-5 2/m — 0.0108 2
Repc
Electrical resistance DC conductor R.pc 1.0768e-5 2/m — 0.0108 ©
Rea2o (1 4 ac (6. — 20))
Electrical resistance sheath Rsn 3.4458e-4 /m — 0.3446 Q
Rsh (1 + asn (esh - 20))
Electrical resistance shield R, 3.4458e-4 Q/m — 0.3446 Q
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Reduction factor RF 1
R
VRS + X2
Electrical resistance armour Rar 2.6904e-4 Q/m — 0.269 Q2
Rar (1 + Qar (Gar - 20))
Electrical field strength, capacitive load current
Electrical field strength insulation inner/outer E; 25.207 | 16.134 kV/mm
U. 1
1000 . 1n ( Tosc )
Radius to point x in insulation T 28.45 | 44.45 mm
Line-to-ground voltage U. 320000 V
10000,
Load, Voltage drop
Apparent power generator-side Sa 739.551 MVA
Usl.
Voltage drop Virop 0.022 V/(A.km) — 49.8 V = 0.02%
2R cosp
Inductance (mean) Lo 9.221e-740.000e0j H/m — 0.9221 mH
Ho GMD
27 GMR.
Telegrapher equation
Surge impedance Zc 0.0000+0.0000j 2
Propagation constant Yo 0.000e0-+0.000e0j
Impedance valid up to 100 Hz without earth return
Positive sequence admittance Y1 0.000e0+-0.000e0j S/m — 0 S
Positive sequence impedance 71 1.077e-545.794e-7j Q/m — 0.01084-0.0006j €2
R+ j X1
Positive sequence reactance X1 5.794e-7 2/m — 0.0006

w@ In GMD
27 GMR,
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Cable datasheet

Title CIGRE TB 880 Case 7 320kV HVDC submarine bipole (#16325)

Warning! DC voltage in IEC 60287 is limited to 5 kV.

Info! Electric stress is higher than recommended in NF-C33-253 (U,, > 230 kV).
Info! Electric stress is higher than recommended in CIGRE ELT-151 (U, > 330 kV).

Cable is used in following systems: A
CIGRE TB 880, guidance points

General Data

15, 20, 23, 25, 30, 32, 33, 34, 38, 39, 42, 44, 45

Rated line-to-line voltage U, 330 kV
Base voltage for tests Uo 190 kV
Highest voltage for equipment Un, 362 kV
Nominal system frequency f 0 Hz
Number of conductors cable Ne 1
Number of phases in a cable Nph 1

Cable elements

conductor

conductor tape
conductor shield
insulation
insulation screen

screen bedding

sheath

armour bedding
armour

armour bedding 2
armour 2

jacket

created by Cableizer

Conductor
Cross-sectional area conductor Ae 1 x 2000 mm?
Conductor material M. Copper, round stranded
External diameter conductor de 51.6 mm
Radius conductor Te 25.8 mm
de
2
Insulation
Insulation material M; Crosslinked polyethylene (XLPE)
Thickness conductor tape tet 0.65 mm
Thickness conductor shield tes 2 mm
Thickness insulation tins 16 mm
Thickness insulation screen tis 1.5 mm
Thickness insulation t; 20.15 mm

tct + tcs + tins + tis

Cableizer specifically disclaims any warranties, including, but not limited to, the implied warranties of merchantability, accuracy,
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Material of conductor tapes Semiconducting tapes
Screen bedding
Screen bedding material Water-blocking tapes, semi-conducting
Thickness screen bedding tsch 0.8 mm
Sheath
Sheath material M;p, Lead
Thickness sheath tsh 2.3 mm
corrugated No
Armour bedding
Armour bedding material M Polyethylene (LDPE)
Thickness armour bedding tab 3.65 mm

tab,1 + tab,2
Thickness armour bedding 1 tab,1 3.25 mm
Thickness armour bedding 2 tab,2 0.4 mm
Armour
Construction of armour Atype Steel wires flat
Thickness armour tar 2.5 mm
Factor between AC and DC resistance armour far 1.2333e0 2/m

1.4—-1.2

5 (tar —2) + 1.2
Number of wires armour Nar 40
Diameter armour wire dy 4.886 mm

At arWar

V T
Width armour War 7.5 mm
Width of flat wires armour 1 Wa,1 7.5 mm
Input data for double layered armour
Thickness armour 1 ta,1 2.5 mm
Thickness armour 2 ta,2 2.5 mm
Width of flat wires armour 1 Wa,1 7.5 mm
Width of flat wires armour 2 Wa,2 7.5 mm
Number of wires armour 1 Na,1 40
Number of wires armour 2 Na,2 40
Length of lay armour 1 Da,1 1000 mm
Length of lay armour 2 Da,2 1000 mm
Jacket
Jacket material M; Polypropylene (PP)
Thickness jacket t; 4 mm
Overall
External diameter object D. 123.4 mm
Absorption coefficient solar radiation Osun 0.4
Emissivity cable €e 0.9
Reflectivity cable Ne 0.1

1—¢e
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Mass cable Mot 37.879 kg/m
Mhollow + Mmetal
Electrical
Conductor
Electrical resistance DC conductor 20°C Re2o 9.0000e-6 2/m
Standard DC resistance of conductor Reo 0.009 ©/km
Coating of wires plain
Skin effect coefficient ks 1
Proximity effect coefficient kp 1
Geometric mean radius conductor GMR, 0.01989 m
Kaurraa
Factor geometric mean radius Kaemr 0.771
Constant relating to conductor formation Kpgroce 0.0519
Number of wires conductor New 53
Diameter of wires conductor (average) dew 4.478 mm
Insulation
Capacitance, with approximation (CIGRE TB 880) Ch 3.113¢-10 F/m
1 107°
2rey 18 '
Capacitance (exact) Ch 3.117e-10 F/m
2TEQE;
In (M)
T"LSE
Capacitance to earth Cg 3.113e-10 F/m
Ch
Vacuum permittivity €0 8.854187817620389%-12 F/m
Radius above the inner semi-conducting layer Tisc 28.45 mm
de
a tc tcs
D) + ter +
Radius over capacitive insulation layers Tosc 44.45 mm
Dins
2
Velocity of propagation Uprop 189605.4 km/s
b
1000, /HO€EOE;
Screen + Sheath
Electrical resistance sheath Rsn 3.0915e-4 Q/m
Psh
100 £
Ash
Electrical resistance screen/sheath 20°C Rso 3.092e-1 2/km
Armour
Electrical resistance armour Rar 2.2693e-04 Q/m
106 farpa'r
ACLT‘
Electrical resistance armour, CIGRE TB 880 Rar 2.4020e-04 Q/m
an,arRar
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Effective length per unit lay length armour Fiay,ar 1.0584
dor '\
1+ ( u )
Llay,a'r
Length of lay armour Liay,ar 1000 mm
Inductance H; armour Hy 2.5185e-7 H/m
_ ds?
10 771',1;5%7"81'71 (¢ar) cos (Var)
Llay,a'rdur
Inductance H2 armour Ho 2.5186e-7 H/m
- a’[‘d 2 . .
10 77r,uen7fsm (dar) sin (Yar)
Llay,arda'r
Inductance H3 armour H; 0.0000e0 H/m
Longitudinal relative permeability steel wires He 400
Transverse relative permeability steel wires It 1
Relative permeability steel wires s 300
Angle between armour and cable axis ar 0.334 rad
g
Angular time delay Yar 0.785 rad
Radius
Radius conductor 721 0.0258 m
Radius shield (inner) T2 0.0456 m
Radius shield (outer) 723 0.0456 m
Radius sheath (inner) T22,sh 0.0456 m
Radius sheath (outer) T23,sh 0.0502 m
Radius armour (inner) T4 0.0527 m
Radius armour (outer) 25 0.0577 m
Radius outersheath .6 0.0617 m
Material parameters
Conductor
Electrical resistivity conductor material Pe 1.724e-8 Q.m
Temperature coefficient conductor material Qe 3.93¢-3 1/K
Reciprocal of temperature coefficient conductor material (3. 2.345e2 K
Volumetric heat capacity conductor material Oc 3.45¢6 J/(K.m?)
Thermal conductivity conductor material ke 384.62 W/(m.K)
Density conductor material Ce 8.94 g/cm?®
Insulation
Relative permittivity insulation material € 2.5
Loss factor insulation material tand; 0.001
Thermal resistivity insulation material pi 3.5 Km/W
Volumetric heat capacity insulation material o 2.40e6 J/(K.m?)
Density insulation material G 0.923 g/cm3
Limitation of temperature rise insulation material Ab; max 10.7 K
Max. temperature conductor Ocmaz 70 °C
Max. temperature conductor, emergency overload Ocmazeo 105 °C
Max. temperature conductor, short-circuit Ocmazse 250 °C
Conductor tape
Thermal resistivity conductor tape Pet 12 K.m/W
Density tape material Ctape 0.34 g/ cm?
Conductor shield
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Thermal resistivity conductor shield Pes 2.5 Km/W
Insulation screen
Thermal resistivity insulation screen Dis 2.5 K.m/W
Screen bedding
Thermal resistivity screen bedding Psch 12 K.m/W
Volumetric heat capacity screen bedding Tsch 2.00e6 J/ (K.m3)
Density tape material Ctape 0.34 g/ cm?
Sheath
Specific electrical resistivity sheath material Psh 2.140e-7 Q.m
Temperature coefficient sheath material Qsh 4.00e-3 1/K
Reciprocal of temperature coefficient sheath material Bsh 2.300e2 K
Volumetric heat capacity sheath material Osh 1.45¢6 J/(K.m?)
Thermal conductivity sheath material ksn 33.4 W/(m.K)
Density sheath material Csn 11.34 g/cm?®
Armour bedding
Thermal resistivity armour bedding Pab 3.02 Kam/W
pab,ltab,l + pab,?tab,Q
tab
Volumetric heat capacity armour bedding Cab 2.40e6 J/(K.m?)
Uab,ltab,l + Uab,2tab,2
tab
Density armour bedding material Cab 0.93 g/cm?
Cab,ltab,l + Cab,Ztab,Q
tab
Thermal resistivity armour bedding 1 Pab,1 2.66 K.m/W
Thermal resistivity armour bedding 2 Pab,2 6 K.m/W
Volumetric heat capacity armour bedding 1 Oab,1 2.40e6 J/(K.m?)
Volumetric heat capacity armour bedding 2 Cab,2 2.40e6 J/(K.m?)
Armour
Specific electrical resistivity armour material Par 1.380e-7 Q.m
Temperature coefficient armour material Qar 4.50e-3 1/K
Reciprocal of temperature coefficient armour material Bar 2.022e2 K
Volumetric heat capacity armour material Oar 3.80¢6 J/(K.m?)
Thermal conductivity armour material kar 36.1 W/(m.K)
Density armour material Car 7.85 g/ cm®
Jacket
Thermal resistivity jacket material pj 6 K.m/W
Thermal resistivity additional layer Pij 2.5 Km/W
Volumetric heat capacity jacket material oj 1.80e6 J/(K.m?)
Electrical conductivity jacket material Kj 1.00e-14 S/m
Density jacket material ¢ 0.91 g/cm?®
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Thermal resistance

Internal thermal resistances for rating calculation

Thermal resistance conductor—sheath Ty 0.3713 K.m/W
Tct + Tcs + Tins + Tis + Tscb + Tscs + Tdsh
Thermal resistance armour bedding Ty 0.0341 K.m/W
Tab
Thermal resistance jacket T3 0.064 K.m/W
15+ Tj;
Thickness conductor—sheath t1 20.95 mm
H AH
t; + tscb + tses + %
Thickness sheath—armour to 3.65 mm
Hy AH
A ¥ AL
2
Thickness armour—surface ts 4 mm
tj + 155
Cable elements
Thermal resistance, transient Tiot 0.4693 K.m/W
Ty +T>+1T3
Thermal resistance insulation T; 0.33829 K.m/W
Tct + Tcs + Tins + Tis
Thermal resistance conductor tape Tt 0.04752 K.m/W
& n dc + 2ty
2w de
Thermal resistance conductor shield Tes 0.029 K.m/W
Pecs In Dcs
2w Des — 2tcs
Thermal resistance insulation Tins 0.24856 K.m/W
Pi Di'ns
Py [ s
2m . (Dins - 2tzns)
Thermal resistance insulation screen Tis 0.01321 K.m/W
Pis Dins + 2t;s
In [ =ins T 2%
27 n < Dins
Thermal resistance screen bedding Tsep 0.03296 K.m/W
Pscb Dscb
1
or ( D; >
Thermal resistance armour bedding Tup 0.03407 K.m/W
Tov,1 + Tap,2
Thermal resistance armour bedding 1 Tav1 0.02713 K.m/W
Pab,1 In Dab,l
2 Dsh]’ - (Hsh + AH)
Thermal resistance armour bedding 2 Tav,2 0.00694 K.m/W
Pab,2 In Dab,2
2m Dap2 — 2tap,2
Thermal resistance jacket Tj 0.06401 K.m/W
Pi Dj —2tj;
L R et Mt ¥ A
2 D; —2(t; +t55)
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Dimensions

Diameter

External diameter conductor de 51.6 mm

Diameter over conductor shield D 56.9 mm
dc + 2 (tct + tcs)

Diameter over insulation Dins 88.9 mm
dc + 2 (tct + tcs + tins)

Diameter over insulation incl. insulation screen D; 91.9 mm
dc + 2 (tct + tcs + tins + tzs)

Diameter over insulation screen D 91.9 mm
dc + 2tz

Diameter over screen bedding Dgep 93.5 mm
dc + til + 2tscb

Equivalent diameter of screen and sheath ds 95.8 mm

Mean diameter sheath dsh 95.8 mm
Dsnp +tsn + Hon + AH

Diameter over sheath Dgp 98.1 mm
Dishp + 2 (tsh + Hsn + AH)

Diameter over sheath jacket Dgpj 98.1 mm

Diameter over armour bedding 1 Dap 1 104.6 mm
Dgp + 2tap1

Diameter over armour bedding 2 D2 110.4 mm
Dav,1 + 2 (ta,1 + tab,2)

Equivalent diameter of screen/sheath and armour de 103.358 mm

d52 + dar2

V 2

Mean diameter armour dar 110.4 mm
Dab + ta,l + ta,2

Diameter over armour Dy 115.4 mm
Da,b + 2 (ta,l + ta,2)

Diameter over jacket D; 123.4 mm
Dar +2(t; +tj5)

Area

Cross-sectional area conductor A 2000 mm?

Cross-sectional area insulation A; 4542 mm?
s
Z (Di52 - dCQ)

Cross-sectional area screen bedding Agep 233 mm?
Wtscb (Dscb - tscb)

Cross-sectional area sheath Agn 692.22 mm?
dshtshﬂ'

Cross-sectional area armour bedding Aap 593.8 mm?
e
Z (Dab2 - (Dab - tab)z)

Cross-sectional area armour Agr 750 mm?
nartarwar
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Cross-sectional area jacket Aj 1500.4 mm?

% (D;* = (D; = 2(t; +155))%)
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