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Title Case study 10: A 10kV three core PILC cable

Project Verication CIGRE TB 880

Created Date: 2025-05-14 Time: 21:20 Software version: 51cac (2025-05-14)
Arrangement

Arrangement buried project (#46709)
Options None

CIGRE TB 880, guidance points 02, 06, 26, 31

Systems A

Statistics

Number of iterations of the solver Neaic 10

Sum of currents from all systems Toum 165.74 A

Sum of average conductor temperatures from all systems Ogsym 50 °C

Number of overheated electrical systems 0

Sum of losses from all systems Wsum 29.908 W/m
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Systems

Following systems are active in the arrangement:

#  Object Current [A] Temp. [°C] Losses [W/m] Load
I. Oc | O Wys LF
A 16328 CIGRE TB 880 Case 10 10kV three core ... 165.7 50.0 | 35.4 29.9 1.00

Objects

Following objects are used:

16328 CIGRE TB 880 Case 10 10kV three core PILC cable

Ambient

Calculation method

Ambient temperature

Thermal resistivity soil

Thermal conductivity soil

Volumetric heat capacity soil material
k 0.2

4 kg

10~
4.68

Thermal diffusivity soil

Ratio thermal resistivity dry/moist soil
pad
pa

Constants

Standard acceleration of gravity
Archimedes’ constant
Absolute temperature

Stefan Boltzmann constant
Vacuum permeability

Vacuum permittivity

Oa

P4
ka

Cp,soil

6soil

V4

IEC Standard (directly buried)
15 °C

1 K.m/W

1 W/(mK)

2136.8 J/(kg.K)

5.00e-7 m? /s
1

9.80665 m/s>
3.141592653589793

273.15 K

5.67036713e-8 W/m?K*
1.2566370614359173e-6 H/m
8.854187817620389%-12 F/m
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System A (Medium voltage cable)
Ampacity
Cable

Rounded value, CIGRE TB 880

Conductor current

I
I

CIGRE TB 880 Case 10 10kV three core PILC ca-
ble
165 A

165.74 A

0. — 0, + (v4 — 1) AbG, — 'L)4At9p — Aby

\/Rc (T1 +npn (1 + A1) T+ (L+ A1+ A2+ As) (npnT5 + nee (Tus + Taii + Tupva)) + needa (535 + Tyyvs))

Operating voltage U, 10 kV
Angular frequency w 314.2 rad/s
2 f
Number of sources in system N,
Number of conductors combined Nee 3
Nenph
Load
System frequency f 50 Hz
Continuous load LF 1 p.u.
Arrangement
Arrangement individual
Position cable 1 z1|y1 0.0 | 1000.0 mm
Separation of conductors in a system Sc 15.7 mm
Mean distance between the phases Am 15.7 mm
Geometric mean distance between phases of the same sys- GM D 0.00255 m
tem
GMR..
Depth of laying of sources L. 1000 mm
Depth of laying Lem 1m
Outer diameter D, 0.055 m
Substitution coefficient u u 36.3636
2Lcm
D,
Geometric constant of circle buried Ju 72.7135
u+vVu2—1
Temperature
Temperature conductor 0. 50 °C
0, + A0, — (’U4 — 1) AO, + ’U4A9p
Temperature screen/sheath 0, 42.04 °C
Temperature sheath Osh, 42.04 °C
W,
ec - Tl (Wc + J)
2
Temperature armour Our 38.06 °C
Wa
0. —Th | We + 5 )~ npnTe (We (1 4+ A1) + Wy)
External temperature object O 354 °C
W,
0. —Tx <Wc + 7(1) —nprTe (We (14 A1) + Wa) — npnT3 (Wr + Wa)
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Temperature rise

Temperature rise conductor A6, 35 K

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

Temperature rise dielectric losses Aly 0.1172 K
Wa (npnTa + nee (Tai + Taii + Tassva))

Temperature rise by other buried objects A, 0K
q
S a,
k=1
Critical soil temperature rise AO, 0K
Losses
Ohmic
Conductor losses (phase) We 9.872 W/m
IR,
Screen/sheath losses (phase) W 0.047 W/m
MW,
Armour losses (phase) War 0.013 W/m
Ao We
Duct losses Wauet 0 W/m
Ohmic losses (phase) Wi 9.932 W/m

We (T4 A1+ X2+ A3 + M)

Dielectric

Dielectric losses (phase) Wa 0.038 W/m

U2
wCy | 1000—= ) tand;

Total

Total losses (phase) Wi 9.969 W/m
Wi+ Wy

Total losses (object) Wiot 29.908 W/m
nphWt

Total losses (system) Ways 29.908 W/m

Thermal resistance
Thermal resistance ambient Tap 0.6822 K.m/W
= Tass = Tuiii = % (In (gu) + 1In (Finn))

Mutual heating coefficient Fon 1

Cable

Internal thermal resistance for current losses Tint 0.4915 K.m/W

T
nfl+(1+)\1)T2+(1+>\1+/\2+)\3)T3
ph
Internal thermal resistance for dielectric losses Ty 0.35624 K.m/W
T
2n.

+ T+ 15
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Other characteristics
Earthing

earthing screen/sheath

Variation of spacing

Loss factor

both-side bonding, regular transposition

No variation

Loss factor shield (screen/sheath) A1 0.0048
A1+ Felae
Loss factor shield, circulating currents A1l 0
Loss factor shield, eddy currents A2 0.0048
FarAIQ
Electrical resistance shield/armour R. 9.7532e-1 Q/km
Factor F. eddy-current losses F. 1
Loss factor armour Ao 0.0013
A21 + A22
Loss factor armour, circulating currents A21 0.001
2
—7.2 1
s () gy
Rcdar(sa'r 50
Loss factor shield, eddy currents A22 0.0003
2
2.255.2 (;) Sar-107° 2
rLIT: £
Rcdar 50
Drying-out of soil
Characteristic diameter drying zone Dgry 0.055 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 Lgys 1000 m
Power factor cosp 1
Resistance
Electrical resistance conductor R. 3.5936e-4 Q/m — 0.3594 Q
Repe (1+1.5(ys + yp))
Electrical resistance DC conductor Repc 3.5869¢e-4 2/m — 0.3587
Rcoo (1 + . (90 — 20))
Skin effect factor conductor Ys 0.00064
xst
192 + 0.8z,
Factor for skin effect on conductor T 0.5919
8 f
107 k
RcDC ®
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Proximity effect factor conductor Yp
2 4 2 2
3T dy dy 1.1
199+ 082,1 (f) 0312 (f) I a—
.8x Se Se z
P 192+g‘8xp4 +0.27
Factor for proximity effect of conductors Tp
8 f
1077 k
RCDC P
Electrical resistance sheath Rsn

Rsh (1 + Qash (esh - 20))

Electrical resistance sheath, CIGRE TB 880 Rqn
an,ScRsh
Electrical resistance shield Rs
Reduction factor RF
R
VR + X*
Electrical resistance armour Rar

Rar (1 + Agr (9117“ - 20))

Electrical field strength, capacitive load current

Electrical field strength insulation inner/outer E;
e 1
1000 re1n ( Tose )
Radius to point x in insulation T
Line-to-ground voltage U.
10000,
V3
Capacitance insulation Cy
1 107°
2rey 18 '
Capacitive load current Ic
U, ewC’b
Charging capacity Pc
Nph UGQwC’b
Capacitive earth short-circuit current Ice
3U.wCEg
Reactance
Self reactance conductor X
o Dg
—1
Yor (GMRC)
Self reactance screen/sheath X

Induced current (approximate)

Induced circulating current shield I

max | I A11,spRe
c Rs

Loss factor shield, circulating currents A11,sb

0.0006

0.52941

9.7532e-04 Q/m

9.7532e-04 Q/m

9.7532e-4 Q/m — 0.9753
0.8209

1.0477e-3 Q/m — 1.0477 Q

0.885 | 0.271 kV/mm

5.5 ] 18 mm
5773.5 'V

3.593e-10 F/m — 0.3593 uF

6.516e-4 A/m — 0.6516 A

11.2866 var/m — 11.2866 kvar

8.466e-4 A/m

7.721e-4 Q/m — 0.7721 Q

0.000e0 2/m — 0 Q

0.0004-0.000j A

0.0000+0.0000j
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Induced circulating current armour ILor 3.106 A
A21 R
max | /.

Load, Voltage drop

Apparent power generator-side Sa 2.871 MVA
V3ULI.

Voltage drop Virop 0.62 V/(A.km) — 103.2 V = 1.03%
V3 (Recosg + wLysing)

Inductance (mean) L -1.037e-74-0.000e0j H/m — -0.1037 mH

Ho In GMD
2 GMR,.

Telegrapher equation

Surge impedance Zc 38.1211-41.7366j 2
| Z1
Y1
Propagation constant Yo 4.711e-6+4.303e-6j

VZ1Yr

Impedance valid up to 100 Hz without earth return
Positive sequence admittance Y1 0.000e0+1.129¢-7j S/m — 0.000040.0001j S
G+ jwCh

Positive sequence impedance Z1 3.591e-4-3.259¢-5j 2/m — 0.3591-0.0326j 2
Ri+35X1

Positive sequence reactance X1 -3.259%¢-5 /m — -0.0326 Q

w@ In GMD
2w GMR,
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Cable datasheet

Title CIGRE TB 880 Case 10 10kV three core PILC cable (#16328)

Warning! external diameter conductor deviates from value given in HD 603 S2 by more than 20 %.
Cable is used in following systems: A
CIGRE TB 880, guidance points 15, 20, 23, 25, 30, 32, 33, 34, 38, 39, 42, 44, 45

General Data

Rated line-to-line voltage U, 10 kV
Base voltage for tests Uo 6 kV
Highest voltage for equipment U, 12 kV
Nominal system frequency f 50 Hz
Number of conductors cable Ne 3
Number of phases in a cable Nph 3

conductor

insulation
filler
sheath

armour bedding

armour

jacket

created by Cableizer

Cable elements

Conductor
Cross-sectional area conductor Ae 3 x 95 mm?
Conductor material M. Aluminium, sector-shaped
diameter of the circle circumscribing the conductors de 28.2 mm
Equivalent diameter conductor dy 11 mm
Equivalent radius of a conductor Te 5.5 mm
de
2
Geometrical distance factor for multi-core cables F, 1
Distance conductor axis—cable axis Ce 9.118 mm
0.5571 + 0.29-2t;
Separation of conductors in a system Se 15.7 mm
de + i1
Insulation
Insulation material M; mass impregnated paper
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Thickness conductor shield tes 0 mm
Thickness insulation tins 2.35 mm
Thickness insulation screen tis 0 mm
Thickness insulation t; 2.35 mm
tct + tcs + tins + tis
Thickness of insulation between conductors ti1 4.7 mm
2t;
Thickness of insulation between conductor and metallic  t;2 3.9 mm
sheath
ti + tscb + tses + tf
Sheath
Sheath material Mgn Lead
Thickness sheath tsh 2 mm
corrugated No
Filler
Filler material My User defined
Thickness of filler /belt insulation ty 1.55 mm
Armour bedding
Armour bedding material Map Fibrous polyolefin copolymer
Thickness armour bedding tab 3 mm
Armour
Construction of armour Qtype Steel tape touching
Thickness armour tar 0.8 mm
Factor between AC and DC resistance armour far 1.1200e0 ©/m
1.4-1.2
5 (tar —2)+1.2
Number of wires armour Nar 2
Width armour War 50 mm
Gap between Ja,1 25 mm
Jacket
Jacket material M; Polyvinyl chloride (PVC, ST1/2)
Thickness jacket t; 2.9 mm
Overall
External diameter object D. 55 mm
Absorption coefficient solar radiation Tsun 0.6
Emissivity cable €e 0.9
Reflectivity cable Ne 0.1
1—e€e
Mass cable Mot 11.823 kg/m
Mhollow + Mmetal
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Electrical
Conductor
Electrical resistance DC conductor 20°C Reoo 3.2000e-4 2/m
Standard DC resistance of conductor Reo 0.32 Q/km
Skin effect coefficient ks 1
Proximity effect coefficient kp 0.8
Geometric mean radius conductor bundle GMR.. 0.00255 mm
GMR, (=22)") "
(eMRe (g555)")
Geometric mean radius conductor GMR, 0.00428 m
67(i) & 1
7 1000
Factor geometric mean radius Kawvr 0.776
Constant relating to conductor formation Kgrce 0.051
Number of wires conductor New 127
Diameter of wires conductor (average) dew 2.84 mm
Insulation
Capacitance, with approximation (CIGRE TB 880) Ch 3.593e-10 F/m
1 107°
2meg 18 b
Capacitance (exact) Cy 3.598¢e-10 F/m
2TEQ€E;
3002(70502_002)3
ln ( 7"1'562(1"0306—606) )
Capacitance to earth Cg 1.556e-10 F/m
2TEQ€E;
6_. 6
In (5 )
Vacuum permittivity €0 8.854187817620389%-12 F/m
Radius above the inner semi-conducting layer Tisc 5.5 mm
dy
a tc - tcs
5 + tet
Radius over capacitive insulation layers Tosc 18 mm
Dy
2
Velocity of propagation Uprop 149896.2 km /s
v
10001 /LO€E0E;
Screen + Sheath
Electrical resistance sheath Rsn 8.9629e-4 Q/m
Psh
10°
Ash
Electrical resistance screen/sheath 20°C Rso 8.963e-1 Q/km
Electrical resistance screen/sheath, CIGRE TB 880 Rso 8.9629e-04 Q/m
Armour
Electrical resistance armour Rar 9.6897e-4 Q/m
106 farpar
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Relative permeability steel wires s 300
Equivalent thickness of armour Sar 1.0667 mm

Aar

Tdar
Radius
Radius conductor 721 0.0055 m
Radius shield (inner) T22 0.017 m
Radius shield (outer) 7.3 0.017 m
Radius sheath (inner) r22,5h 0.017 m
Radius sheath (outer) 723,5h 0.021 m
Radius armour (inner) Tz4 0.023 m
Radius armour (outer) .5 0.0246 m
Radius outersheath 7.6 0.0275 m
Material parameters
Conductor
Electrical resistivity conductor material Pe 2.826e-8 2.m
Temperature coefficient conductor material O 4.03e-3 1/K
Reciprocal of temperature coefficient conductor material (. 2.281e2 K
Volumetric heat capacity conductor material o 2.50e6 J/(K.m?)
Thermal conductivity conductor material ke 204.08 W/(m.K)
Density conductor material Ce 2712 g/ cm?
Insulation
Relative permittivity insulation material € 4
Loss factor insulation material tand; 0.01
Thermal resistivity insulation material pi 6 K.m/W
Volumetric heat capacity insulation material o 2.00e6 J/(K.m?)
Density insulation material G 1.19 g/cm?
Max. temperature conductor Ocmax 80 °C
Max. temperature conductor, emergency overload Ocmazeo 95 °C
Max. temperature conductor, short-circuit Ocmazse 150 °C
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 1.45e6 J/(K.m?)
Thermal conductivity sheath material ksh 33.4 W/(m.K)
Density sheath material Csn 11.34 g/cm?®
Filler
Thermal resistivity filler Py 6 K.m/W
Volumetric heat capacity filler of 1.26e6 J/(K.m®)
Density filler material Cr 0.64 g/cm3
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Armour bedding
Thermal resistivity armour bedding
Volumetric heat capacity armour bedding

Density armour bedding material

Armour

Specific electrical resistivity armour material
Temperature coefficient armour material

Reciprocal of temperature coefficient armour material
Volumetric heat capacity armour material

Thermal conductivity armour material

Density armour material

Jacket

Thermal resistivity jacket material
Thermal resistivity additional layer
Volumetric heat capacity jacket material
Electrical conductivity jacket material

Density jacket material

Thermal resistance
Internal thermal resistances for rating calculation

Thermal resistance conductor—sheath

Thermal resistance armour bedding
Tob
Thermal resistance jacket
T+ 1Ty
Thickness conductor—sheath
ti +1f +tseb + tses + M
Thickness sheath—armour
7H5h ; Al + tap

Thickness armour—surface
tj + 155

Geometric factor G1
3ti1 Dy
3<1+ 2 (ds + ti1) *tﬂ)ln(dc )

Cable elements

Thermal resistance, transient
T+ T2+ T3

Thermal resistance insulation
Tct + Tcs + Tins + Tis

Thermal resistance insulation

Pi Dins
P ——ms
o (Dms - 2tins)

Pab

Cab

Par

Qar

Bar
Tar

kar
Car

Pi

j
Kj

G

Ty

T

T3

t1

to

ts

Gi

Ttot

T’Lns

6 K.m/W
1.68e6 J/(K.m?)
0.98 g/cm?

1.380e-7 2.m
4.50e-3 1/K
2.022e2 K
3.80¢6 J/(K.m®)
36.1 W/(m.K)
7.85 g/cm?

5 K.m/W

2.5 Km/W
1.70e6 J/(K.m?)
1.00e-14 S/m
1.4 g/cm?

0.8046 K.m/W

0.1335 K.m/W

0.0887 K.m/W

3.9 mm

3 mm

2.9 mm

0.8425

1.0267 K.m/W

0.1472 K.m/W

0.1472 K.m/W
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Thermal resistance armour bedding Tob 0.13346 K.m/W
Pab 1 Dab
2 Dgnj — (Hsh + AH)
Thermal resistance jacket T; 0.08868 K.m/W
& ln Dj — 2tjj
2T Dj —Q(tj +tjj)
Dimensions
Diameter
External diameter conductor de 28.2 mm
Diameter over insulation Dins 32.9 mm
dc + 2 (tct + tcs + tins)
Diameter over insulation incl. insulation screen D; 32.9 mm
dc + 2 (tct + tcs + tins + tzs)
Equivalent diameter of screen and sheath ds 38 mm
Mean diameter sheath dsp 38 mm
Dany +tsn + Hon + AH
Diameter over sheath Dy 40 mm
Donp + 2 (tsh + Hon + AH)
Diameter over sheath jacket Dgnj 40 mm
Diameter over core cable Decore 32.9 mm
Dy — 2ty
Diameter over filler Dy 36 mm
Dscb - 2tsab
Diameter over armour bedding Dy 46 mm
Dsh + 2tab
Equivalent diameter of screen/sheath and armour de 38 mm
Mean diameter armour dar 47.6 mm
Dab + na,lta,l
Diameter over armour Dar 49.2 mm
Dap + 2na,lta,l
Diameter over jacket D; 55 mm
Dar + 2 (t] + t]])
Area
values are per phase
Cross-sectional area conductor A 95 mm?
cross-sectional area (calculated) Ac 141.92 mm?
%dﬁ — nedet;
Ne
Cross-sectional area insulation A; 225.5 mm?
™
Z (Di52 - dCQ)
Cross-sectional area sheath Asn 238.76 mm?
dshtshTr
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Cross-sectional area filler
D\’ Df\? Dj 2
”(7) - ”(7 “Tl

Cross-sectional area armour bedding

% (Dab2 - (Dab - tab)z)

Cross-sectional area armour

w
margu,lﬂ'tarnar (Dab + nartar)

Cross-sectional area jacket

g (D]-Q —(Dj —2(t; + tjj))Q)

850.1 mm?

209.7 mm?

159.51 mm?

474.7 mm?
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