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Title Case study 5-2: A 400kV LPOF Cable (flat, cb)

Project Verification CIGRE TB 880

Created Date: 2025-05-26 Time: 09:28 Software version: 8¢9 (2025-05-24)
Arrangement

Arrangement buried project (#46706)
Options None

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

Statistics

Number of iterations of the solver Neaic 31

Sum of currents from all systems Toum 1590.24 A

Sum of average conductor temperatures from all systems Ogsym 81.48 °C

Number of overheated electrical systems 0

Sum of losses from all systems Wsum 118.267 W/m
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Systems
Following systems are active in the arrangement:
#  Object Current [A] Temp. [°C] Losses [W/m] Load
I, 0 | 0. Ways LF
A 16320 CIGRE TB 880 Case 5 400kV LPOF Cable 1590.2 85.0 | 59.1 118.3 1.00
Objects
Following objects are used:
16320 CIGRE TB 880 Case 5 400kV LPOF Cable
Ambient
Calculation method IEC Standard (directly buried)
Ambient temperature 0, 20 °C
Thermal resistivity soil pa 1 K.am/W
Thermal conductivity soil ka4 1 W/(m.K)
Volumetric heat capacity soil material Cp, soil 2136.8 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 (Extra high voltage cable)

Warning! The conductor temperature exceeds the maximum allowable temperature of 80.0 °C under emergency overload ope-
ration.

Ampacity

Cable CIGRE TB 880 Case 5 400kV LPOF Cable
Rounded value, CIGRE TB 880 1. 1590 A

Conductor current 1. 1590.24 A

0. — 0o + (1 — 1) ABy — 02A0, — A6y
Re (Ty +mpn (L+ M) To + (1+ A1+ X2 + A3) (npnTs + nce (Tai + Tais + Tauva)) + necAa (B2 + Typvs))

Operating voltage U, 400 kV
Angular frequency w 314.2 rad/s

2 f
Number of sources in system N. 3
Number of conductors combined Nee
Load
System frequency f 50 Hz
Continuous load LF 1 p.u.
Arrangement
Arrangement flat
Position cable 1 Z1|y1 0.0 | 1000.0 mm
Position cable 2 Z2|y2 -500.0 | 1000.0 mm
Position cable 3 z3lys 500.0 | 1000.0 mm
Separation of conductors in a system Se 500 mm
Mean distance between the phases Am 629.96 mm
Geometric mean distance between phases of the same sys- GM D 0.62996 m
tem

1

235,
Depth of laying of sources L. 1000 mm
Depth of laying Lem 1m
Outer diameter D, 0.148 m
Substitution coefficient u U 13.5135

2Lcm

D,

Geometric constant of circle buried Gu 26.99

u+Vu?—1
Temperature
Temperature conductor 0. 1: 851 2:79.7 | 3: 79.73 °C

Oa + A0 — (va — 1) A, + v4 A6,
Temperature screen/sheath 0s 1: 63.55 | 2: 58.51 | 3: 58.54 °C
Temperature sheath Osn 1: 63.55 | 2: 58.51 | 3: 58.54 °C

W,

06 - Tl (Wc + Td>

External temperature object 0e 1: 59.08 | 2: 54.39 | 3: 54.41 °C
W,
0. — T (Wc + Td) —npnToe (We (14 A1) + Wa) — nppT3 (W1 + Wa)
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Temperature rise

Temperature rise conductor AH 1: 47.6991 | 2: 45.4172 | 3: 45.456 K

T
Nph (WcTint + Wde) + Nece (Wd (T4z + T4ii + U4T4ss) + (Wc + Ws + Wa'r‘ + Wsp) (T4z + T4ii + 'U4T4u) + Wduct (% + 'U4T4H))

Temperature rise dielectric losses Aly 5.5892 K
Wa (npnTa + nee (Tai + Taii + Tassva))

Temperature rise by other buried objects A, 1: 17.3009 | 2: 14.2813 | 3: 14.2738 K
q
> o,
k=1
Critical soil temperature rise AO, 0K
Losses
Ohmic
Conductor losses (phase) We 1: 31.857 | 2: 31.427 | 3: 31.43 W/m
I.’R.
Screen/sheath losses (phase) W 1: 3.727 | 2: 0.965 | 3: 1.022 W/m
M We
Duct losses Wauet 0 W/m
Ohmic losses (phase) Wi 1: 35.584 | 2: 32.393 | 3: 32.452 W/m

We (T4 A1+ X2+ A3+ A\a)

Dielectric

Dielectric losses (phase) Wa 5.946 W/m

U\ 2
wC [ 1000=2 tand;
’ ( V3 )

Total

Total losses (phase) We 1: 41.53 | 2: 38.339 | 3: 38.398 W/m
Wi+ Wa

Total losses (object) Wiot 1: 41.53 | 2: 38.339 | 3: 38.398 W/m
nphWt

Total losses (system) Ways 118.267 W/m

Thermal resistance
Thermal resistance ambient Tap 0.5245 K.m/W
= Tass = Tuiii = % In (gu)

Mutual heating coefficient Fon 1: 171 2: 9.22 | 3: 9.22

q
dpk:l

el dpk2
Cable
Internal thermal resistance for current losses Tint 1: 0.736 | 2: 0.7267 | 3: 0.7269 K.m/W

T
nfl+(1+)\1)T2+(1+)\1+/\2+)\3)T3
ph
Internal thermal resistance for dielectric losses Ty 0.41548 K.m/W
T
2n.

+ T2+ T3
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Other characteristics
Earthing

earthing screen/sheath
Length of sections

Minor ratio of section lengths
as2

asi

Major ratio of section lengths
ass
asi

Loss factor

Loss factor shield (screen/sheath)
A11 + A2

Loss factor shield, circulating currents

Loss factor shield, eddy currents

R, ton)’
Rh <gs)\0 1+ A1+ A2) + M)

12-1012

Electrical resistance shield/armour

Substitution coefficient Ao for eddy-currents
2 2
6 mo de
1+ mo? <256)
2 2
1. 5m70 de
1 + m02 2Sc

2 2
1.5m70 de
1+ mo? \ 2s.

Cross-bonding

as 1.0 1.0 | 1.0 p.u.

Pecb 1

qcb 1

A1 1: 0.117 | 2: 0.0307 | 3: 0.0325
A1 0

A2 1: 0.117 | 2: 0.0307 | 3: 0.0325

R. 1: 3.3379e-2 | 2: 3.2802e-2 | 3: 3.2806e-2 Q/km
Ao : 0.0422 | 2: 0.0107 | 3: 0.0107

—_

Substitution coefficient A; for eddy-currents Ay 1: 0.0103 | 2: -0.0144 | 3: 0.0495
4.\ LAmo+0.7
0,860 < e )
2Sc
—0.74 (mo + 2) y/mao ( de >m°+1
2+ (mo — 0.3)° 2sc
4.\ 016mo+2
4.7 0.7 e
o <2se>
Substitution coefficient Ay for eddy-currents Ao 1: 0| 2: 0.0015 | 3: 0
0
mo+2
0.92mo*" ( de )
2S¢
4.\ LA4Tmo+5.06
21 3.3 e
mo (25C
Substitution coefficient mo for eddy-currents mo 1: 0.9412 | 2: 0.9577 | 3: 0.9576 Hz.m/Q
— w
1077
Rsh
Substitution coefficient 81 for eddy-currents b1 1: 108.7447 | 2: 109.6959 | 3: 109.6902
4w
107Psh (1 —+ ash (Gsh — 20))
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Substitution coefficient gs for eddy-currents

t 1.74
1+ <D5h > (10"*B1Dgj, — 1.6)

sh

Factor F. eddy-current losses

Loss factor armour

Drying-out of soil

Characteristic diameter drying zone
Depth characteristic diameter drying zone
Geometric constant of circle drying zone

Substitution coefficient g

Electrical parameters
System

System length

Power factor

Resistance

Electrical resistance conductor
RCDC (1 + Ys + yp)

Electrical resistance DC conductor
Reoo (1 + e (95 — 20))

Skin effect factor conductor

xst

192 4 0.8z44

Factor for skin effect on conductor

8 f

107
RCDC

ks

Proximity effect factor conductor

4 2 2
2 dc) <d8> 118
_— | — 0.312 | — + —
192 + 0.8:1?,,4 <Sc Se mp,48:1)p4 +0.27

19240

Factor for proximity effect of conductors

8 f

1077
RCDC

Ky

Electrical resistance sheath
Ron (1 + asn (Osn — 20))

Electrical resistance shield

Reduction factor
R

VR + X2

Electrical field strength, capacitive load current
Electrical field strength insulation inner/outer
U. 1
1000 ,. 1 ( Tosc )

Tisc

Radius to point x in insulation

Js

A2

Dgry
Lary
YGdry
Ya

Lsys

cosy

RcDC

Ys

Ts

Yp

Tz

1: 1.016659 | 2: 1.016823 | 3: 1.016822

0.148 m

1p.u.

1000 m

1: 1.2597e-5 | 2: 1.2427e-5 | 3: 1.2428e-5 2/m

1: 1.1299¢-5 | 2: 1.1112e-5 | 3: 1.1113e-5 2/m

1: 0.11107 | 2: 0.1145 | 3: 0.11448

1: 219952 | 2: 2.218 | 3: 2.21789

1: 0.00382 | 2: 0.00391 | 3: 0.00391

1: 2.02855 | 2: 2.04559 | 3: 2.04549

1: 3.3379e-5 | 2: 3.2802e-5 | 3: 3.2806e-5 Q2/m

1: 3.3379e-5 | 2: 3.2802e-5 | 3: 3.2806e-5 Q/m
1: 0.0551 | 2: 0.0541 | 3: 0.0541

12.503 | 6.769 kV/mm

30.1 | 55.6 mm
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Line-to-ground voltage U, 230940.11 V
10000,
V3
Capacitance insulation Cy 2.535¢-10 F/m — 0.2535 puF
1 107°
2meg 18 b
Capacitive load current Ic 1.839e-2 A/m — 18.3911 A
UewCy
Charging capacity Pc 4247.2488 var/m — 4247.2488 kvar
nphUEQwa
Capacitive earth short-circuit current Ice 1.839%-2 A/m
erCE
Reactance
Self reactance conductor Xa 6.668¢e-4 2/m — 0.6668 2
140 Dg
—1
Yor (GMRC)
Self reactance screen/sheath Xe 1.320e-4 /m — 0.132 Q
140 2sc
—1
w27r n ( ds >
Mutual reactance between conductors flat formation wi- X, 4.355e-5 Q/m
thout transposition
1o
—1In2
w27r n
Induced current (approximate)
Induced circulating current shield I 1: -23.241+40.254j | 2: 46.481+0.000j | 3: -23.241-
40.254j A
A R,
max (Ic H]’;:) Iy
Loss factor shield, circulating currents A11,sb 1: 0.00204-0.0000j | 2: 0.00234-0.0000j | 3:
0.0019+-0.0000j
Load, Voltage drop
Apparent power generator-side Sa 1.102 GVA
V3U,I.
Voltage drop Virop 0.022 V/(A.km) — 34.7 V = 0.01%
V3 (Recosp + wLmsing)
Inductance (mean) L 6.629e-7+0.000e0j H/m — 0.6629 mH
Bo GMD
27 GMR,
Telegrapher equation
Surge impedance Zc 1: 51.1627-1.5459j | 2: 51.1621-1.5251j | 3: 51.1621-
1.5252j 2
)
Y1
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Propagation constant

VZ1Y1

Impedance valid up to 100 Hz without earth return

Positive sequence admittance
G+ ijb

Positive sequence impedance

R +3Xy

Positive sequence reactance

w Ko In GMD
2 GMR.

alel

Z1

X1

1: 1.231e-74+4.074e-6j | 2: 1.215e-7+4.074e-6j | 3:
1.215e-7+4.074e-6j

0.000€0+-7.964e-8j S/m — 0.0000+0.0001j S

1: 1.260e-5+2.083e-4j | 2: 1.243e-542.083e-4j | 3:
1.243e-5+2.083e-4j 2/m

2.083e-4 2/m — 0.2083 2
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Cable datasheet

Title CIGRE TB 880 Case 5 400kV LPOF Cable (#16320)

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 Un 400 kV
Base voltage for tests Uo 230 kV
Highest voltage for equipment U, 420 kV
Nominal system frequency f 50 Hz
Number of conductors cable Ne 1
Number of phases in a cable Nph 1
conductor
conductor tape
conductor shield
insulation
insulation screen
screen bedding
sheath
armour bedding
jacket
extra layer
created by Cableizer
Cable elements
Conductor
Cross-sectional area conductor A 1 x 2461 mm?
Conductor material M. Copper, round Milliken, compacted
External diameter conductor de 58.8 mm
Internal diameter conductor dei 18 mm
Radius conductor Te 29.4 mm
%
2
Thickness of hollow conductor te 20.4 mm
% _ dci
2 2
Insulation
Insulation material M; Polypropylene laminated paper (PPLP)
Thickness conductor tape tet 0.25 mm
Thickness conductor shield tes 0.45 mm
Thickness insulation tins 25.5 mm
Thickness insulation screen tis 0.6 mm
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Thickness insulation t; 26.8 mm

tct + tcs + tins + tis
Material of conductor tapes Semiconducting tapes
Screen bedding
Screen bedding material Water-blocking tapes, semi-conducting
Thickness screen bedding tseh 0.45 mm
Sheath
Sheath material Mgy Aluminium
Thickness sheath tsh 2.9 mm
corrugated Yes
Depth of corrugation Hgp 5.9 mm
Length corrugated sheath (pitch) Lpiten 28 mm
Armour bedding
Armour bedding material Map PVC/bitumen tapes
Thickness armour bedding tab 0.2 mm
Jacket
Jacket material M; Polyethylene (LD/MDPE, ST3)
Thickness jacket t; 5.5 mm
Thickness of additional layer over jacket 127 2.6 mm
Overall
External diameter object De 148 mm
Absorption coefficient solar radiation Tsun 0.4
Emissivity cable €e 0.9
Reflectivity cable Ne 0.1

1—e€e
Mass cable Mot 34.957 kg/m

Mhollow + Mumetal
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
Insulation of wires bare uni-directional wires
Skin effect coefficient ks 0.435
Proximity effect coefficient kp 0.37
Geometric mean radius conductor GMR, 0.0229 m

KcmRra
Factor geometric mean radius Kawvr 0.779
Constant relating to conductor formation Kgrce 0.051
Number of wires conductor New 127
Diameter of wires conductor (average) dew 58.8 mm
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Insulation
Capacitance, with approximation (CIGRE TB 880) Ch 2.535e-10 F/m
1 107°
2req 18 '
Capacitance (exact) Cy 2.538e-10 F/m
2TEQE;
i (3)
Capacitance to earth Ce 2.535e-10 F/m
Ch
Vacuum permittivity €0 8.854187817620389%-12 F/m
Radius above the inner semi-conducting layer Tise 30.1 mm

dc
o tc tcs
B +let +

Radius over capacitive insulation layers Tosc 55.6 mm
Dins
2
Velocity of propagation Vprop 179160.3 km/s
1

1000, /HO€EOE;

Screen + Sheath

Electrical resistance sheath Rsn 2.8395e-5 2/m
Fcor shPsh
108 Zcomshlsh
Ash
Length corrugated sheath Leor,sh 31.2 mm
.25L itc 2 Hs 2 L itc Hs
0.25Lpiten” + Hsp (arcsin( pth2 h 2>+O)
Hsh 0~25Lpitch + Hsh
Effective length per unit pitch length corrugated sheath  Fior sn 1.1145
0-25Lp1tch + Hsh arcsin ( LpztchQHsh 5 + 0
Lyiten Hsh, 0.25Lpitcn” + Hsn
Electrical resistance screen/sheath 20°C Rso 2.839¢-2 2/km
Radius
Radius conductor 21 0.0294 m
Radius shield (inner) T22 0.0552 m
Radius shield (outer) 7.3 0.0552 m
Radius sheath (inner) r22,5h 0.0552 m
Radius sheath (outer) r23,5h 0.06715 m
Radius outersheath T.6 0.074 m

Material parameters

Conductor

Electrical resistivity conductor material Pe 1.724e-8 Q.m
Temperature coefficient conductor material Qe 3.93e-3 1/K
Reciprocal of temperature coefficient conductor material [, 2.345e2 K
Volumetric heat capacity conductor material o 3.45e6 J/(K.m?)
Thermal conductivity conductor material ke 384.62 W/(m.K)
Density conductor material Ce 8.94 g/cm?

Cableizer specifically disclaims any warranties, including, but not limited to, the implied warranties of merchantability, accuracy,
or fitness for any particular purpose. In no event shall Cableizer be liable to any party for any damages arising out of the use of
information in this document.
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Insulation
Relative permittivity insulation material €i 2.8
Loss factor insulation material tand; 0.0014
Thermal resistivity insulation material pi 5.42 K.m/W
Volumetric heat capacity insulation material o 2.00e6 J/(K.m?)
Density insulation material Gi 09 g/ cm?
Max. temperature conductor Ocmaz 70 °C
Max. temperature conductor, emergency overload Ocmazeo 80 °C
Max. temperature conductor, short-circuit emazsce 130 °C
Conductor tape
Thermal resistivity conductor tape Pet 6 K.m/W
ensity tape materia tape .34 g/cm
Density t terial » 0.34 3
Conductor shield
Thermal resistivity conductor shield Pes 5 K.m/W
Insulation screen
Thermal resistivity insulation screen Pis 5 K.m/W
Screen bedding
Thermal resistivity screen bedding Pscb 6 K.m/W
Volumetric heat capacity screen bedding Osch 2.00e6 J/(K.m?)
Density tape material Ctape 0.34 g/ cm?®
Sheath
Specific electrical resistivity sheath material Psh 2.840e-8 2.m
Temperature coefficient sheath material Qsh 4.03e-3 1/K
Reciprocal of temperature coefficient sheath material Bsh 2.281e2 K
Volumetric heat capacity sheath material Osh 2.50e6 J/(K.m?)
Thermal conductivity sheath material ksn 208.3 W/(m.K)
ensity sheath materia sh . cm
Density sheath material 2.712 g/cm®
Armour bedding
Thermal resistivity armour bedding Pab 6 K.m/W
Volumetric heat capacity armour bedding Cab 2.00e6 J/(K.m?)
Density armour bedding material Cab 1.2 g/cm?
Jacket
Thermal resistivity jacket material pj 3.5 K.m/W
Thermal resistivity additional layer Pjj 2.5 Km/W
Volumetric heat capacity jacket material 0 2.40e6 J/(K.m?)
Electrical conductivity jacket material Kj 1.00e-16 S/m
Density jacket material Gj 0.93 g/ cm?
Thermal resistance
Internal thermal resistances for rating calculation
Thermal resistance conductor—sheath T 0.6158 K.m/W
Tct + Tcs + Tins + Tis + Tscb + Tscs + Tdsh
Thermal resistance armour bedding Ty 0 K.m/W
Thermal resistance jacket T3 0.1076 K.m/W
Ty + Tj + Tj;
m Cableizer specifically disclaims any warranties, including, but not limited to, the implied warranties of merchantability, accuracy,
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Thickness conductor—sheath t1 30.32 mm
H, + AH
ti + tscb + tscs + Shf
Thickness sheath—armour to 3.28 mm
H AH
Hsp + AH +tap
2
Thickness armour—surface t3 8.1 mm
tj +tj;
Cable elements
Thermal resistance, transient Tiot 0.7234 K.m/W
T+ 15+ T3
Thermal resistance insulation T; 0.55775 K.m/W
Tct + Tcs + Tins + Tis
Thermal resistance conductor tape iy 0.00809 K.m/W
& n dc + tht
2w d.
Thermal resistance conductor shield Tes 0.01199 K.m/W
Pes Dcs
In( —=cs
o (DCS - 2tcs)
Thermal resistance insulation Tins 0.52914 K.m/W
& In ( Dins )
2m Dins — 2tins
Thermal resistance insulation screen Tis 0.00854 K.m/W
& n Dins + 2tis
27 Dins
Thermal resistance screen bedding Tsep 0.00762 K.m/W
Pscb In Dscb
2 Dl
Thermal resistance corrugation filling Tash 0.05048 K.m/W
Hy+AH
Pscs 2#
— In(14 ——
2 ( Dgecs )
Thermal resistance armour bedding Tob 0.04868 K.m/W
Pab 1 Dab
2 Dgpj — (Hsn + AH)
Thermal resistance jacket T; 0.04465 K.m/W
& In Dj — 2t]'j
2T Dj —Q(tj +tjj)
Thermal resistance additional layer T 0.01423 K.m/W
Pisy (_Ds
271' D]' — Qt]'j
Dimensions
Diameter
External diameter conductor de 58.8 mm
Diameter over conductor shield Des 60.2 mm
dc + 2 (tct + tcs)
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1

4

Diameter over insulation Dins 111.2 mm
dc + 2 (tct + tcs + tins)

Diameter over insulation incl. insulation screen D; 112.4 mm
dc + 2 (tct + tcs + tins + tis)

Diameter over insulation screen Dis 112.4 mm

Diameter over screen bedding Dscp 113.3 mm
dc + til + 2tscb

Equivalent diameter of screen and sheath ds 122.35 mm

Mean diameter sheath dsn 122.35 mm
Donp +tsn + Hsp + AH

Diameter over sheath Dgn 131.4 mm
Dshb + 2 (tsh + Hsh + AH)

Diameter over sheath jacket Dgpj 131.4 mm

Diameter over armour bedding Dy 131.8 mm
Dsh + 2tab

Diameter over jacket D; 148 mm
Dar +2(t; + tj5)

Area

Cross-sectional area conductor A, 2461 mm?

cross-sectional area (calculated) Ac 2461 mm?
m
Z (d02 - dci2)

Cross-sectional area insulation A; 7207.1 mm?
m 2 2
Z (Dzs - de )

Cross-sectional area screen bedding Asep 159.5 mm?
Ttsch (Dscb - tscb)

Cross-sectional area sheath Asn 1114.68 mm?
dsntshm

Cross-sectional area armour bedding A 41.4 mm?
™ 2 2
Z (Dab - (Dab - tab) )

Cross-sectional area jacket Aj 3560 mm?
™ 2 2
7 (D5" = (D5 =2(t; +135))°)
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