
 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix B  
Option 1 drawings, reports & datasheet  
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2.3.12 Other Electrical Characteristics

Item Response

a. Conductor resistance Max. 0.002244 Ω/1000ft (at 25℃)/ ( )

b. Conductor skin effect factor AP-K150715-2.3.12.b

c Conductor proximity effect factor 0 37c. Conductor proximity effect factor 0.37

d. Insulation dielectric constant 2.5

e Insulation resistance Max 2521 74 ㏁ km (at 20℃)e. Insulation resistance Max. 2521.74 ㏁.km (at 20℃)

f. Insulation capacitance
Max. 0.07044 ㎌/1000ft

(*Based on AP-P141203-2.1.1a)

g. Charging current 7.702 A/1000ft ( Based on )

h. Insulation radial expansion calculations** 3.49 mm(ΔT=75℃)

*   Please refer to the FAT Plan & Procedure for Cable AP-P141203-2.1.1a
**

Β : Coefficient of thermal expansion(XLPE)[/℃]=1.1x10-3[/℃]
do : Conductor diameter[mm]=65 0mm

1

do : Conductor diameter[mm]=65.0mm
dl : Insulation screen diameter[mm]=135.2mm
Θ : Insulation average temperature[℃]=75℃
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X [m] Y [m] Width [m] Height [m] Thermal Resistivity 
[K.m/W]

-4.5 1.0 5.5 1.2 1.0

4.5 1.0 5.5 1.2 1.0

General Simulation Data

Study Summary
CYMCAP Version 8.1 Revision 2

Study: HumeLink HVDC Concept Design

Execution: Option 1A - Both Circuits at 50%

Date: 24/05/2022 3:01:05 PM

Steady State Option Temperature

Consider Electrical interaction between circuits No

Induced currents in metallic layers as a fraction of conductor current (applied to all single phase circuits) : 0.0

Conductor Resistances Computation Option: IEC-228

Standard Settings Options
General guidance Custom

Factor on RAC due to magnetic armour CIGREGuidance

Factor on RAC due to magnetic duct CIGREGuidance

Factor on ƛ  due to magnetic armour CYMCAPGuidance

Factor on ƛ  due to magnetic duct CIGREGuidance

Factor on ƛ  due to ƛ' CYMCAPGuidance

ƛ''  computation CIGREGuidance

ƛ pipe computation CYMCAPGuidance

Wd computation CIGREGuidance

T  computation CIGREGuidance

T  computation CYMCAPGuidance

Installation Type:Multiple Ductbanks/Backfills
Ambient Soil Temperature at Installation Depth [°C] 25.0

Native Soil Thermal Resistivity [K.m/W] 1.5

Consider Non-Isothermal Earth Surface No

Layer Name

FTSB

FTSB



Cable No. Cable ID Circuit No. Feeder ID Cable Phase Cable Frequency Daily Load Factor X coordinate
[m]

Y coordinate
[m]

Conductor 
temperature [°C] Ampacity [A]

1 TAIHAN 4 1 5C2-B A 50.0 1.0 -4.0 1.16 48.9 825.0

2 TAIHAN 4 1 5C2-B B 50.0 1.0 -3.0 1.16 48.5 825.0

3 TAIHAN 4 1 5C2-B C 50.0 1.0 -2.0 1.16 47.0 825.0

4 TAIHAN 4 2 5C1-A A 50.0 1.0 2.0 1.16 47.0 825.0

5 TAIHAN 4 2 5C1-A B 50.0 1.0 3.0 1.16 48.5 825.0

6 TAIHAN 4 2 5C1-A C 50.0 1.0 4.0 1.16 48.9 825.0

7 TAIHAN 4 3 5C2-A A 50.0 1.0 -7.0 1.16 46.2 825.0

8 TAIHAN 4 3 5C2-A B 50.0 1.0 -6.0 1.16 48.1 825.0

9 TAIHAN 4 3 5C2-A C 50.0 1.0 -5.0 1.16 48.7 825.0

10 TAIHAN 4 4 5C1-B A 50.0 1.0 5.0 1.16 48.7 825.0

11 TAIHAN 4 4 5C1-B B 50.0 1.0 6.0 1.16 48.1 825.0

12 TAIHAN 4 4 5C1-B C 50.0 1.0 7.0 1.16 46.2 825.0

Results Summary



Variable Unit
Cable No. 1 2 3 4 5 6 7 8 9 10 11 12

Cable ID TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4

Circuit No. 1 1 1 2 2 2 3 3 3 4 4 4

Phase A B C A B C A B C A B C

Fq [Hz] 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0

x [m] -4.0 -3.0 -2.0 2.0 3.0 4.0 -7.0 -6.0 -5.0 5.0 6.0 7.0

y [m] 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16

DLF [p.u.] 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

1 Conductor Crossbonded Flat 1 Conductor Crossbonded Flat 1 Conductor Crossbonded Flat 1 Conductor Crossbonded Flat 1 Conductor Crossbonded Flat 1 Conductor Crossbonded Flat 1 Conductor Crossbonded Flat 1 Conductor Crossbonded Flat 1 Conductor Crossbonded Flat 1 Conductor Crossbonded Flat 1 Conductor Crossbonded Flat 1 Conductor Crossbonded Flat

I [A] 825.0 825.0 825.0 825.0 825.0 825.0 825.0 825.0 825.0 825.0 825.0 825.0

θc [°C] 48.9 48.5 47.0 47.0 48.5 48.9 46.2 48.1 48.7 48.7 48.1 46.2

θs [°C] 44.9 44.6 43.1 43.1 44.6 44.9 42.3 44.2 44.8 44.8 44.2 42.3

θa [°C] n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a

θsurf [°C] 44.2 43.9 42.4 42.4 43.9 44.2 41.6 43.4 44.1 44.1 43.4 41.6

θduct [°C] 40.4 40.0 38.6 38.6 40.0 40.4 37.7 39.6 40.3 40.3 39.6 37.7

R

₀

[Ω/km] 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072

R [Ω/km] 0.00914 0.00913 0.00909 0.00909 0.00913 0.00914 0.00907 0.00912 0.00914 0.00914 0.00912 0.00907

ys 0.1393 0.13958 0.14091 0.14091 0.13958 0.1393 0.14165 0.13998 0.13942 0.13942 0.13998 0.14165

yp 0.00072 0.00072 0.00073 0.00073 0.00072 0.00072 0.00073 0.00073 0.00072 0.00072 0.00073 0.00073

Wc [W/m] 6.2204 6.21483 6.18909 6.18908 6.21482 6.2204 6.17486 6.20708 6.21795 6.21793 6.20707 6.17481

Wd [W/m] 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092

Ws [W/m] 0.08831 0.26531 0.08914 0.08826 0.26531 0.08919 0.08824 0.26511 0.08919 0.08831 0.26511 0.08911

Wa [W/m] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Wt [W/m] 12.60962 12.78105 12.57915 12.57826 12.78105 12.61051 12.56401 12.77311 12.60806 12.60716 12.7731 12.56484

ƛ

₁

0.0142 0.04269 0.0144 0.01426 0.04269 0.01434 0.01429 0.04271 0.01434 0.0142 0.04271 0.01443

ƛ

₂

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

T1 [K.m/W] 0.4204 0.4204 0.4204 0.4204 0.4204 0.4204 0.4204 0.4204 0.4204 0.4204 0.4204 0.4204

T2 [K.m/W] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

T3 [K.m/W] 0.0567 0.0567 0.0567 0.0567 0.0567 0.0567 0.0567 0.0567 0.0567 0.0567 0.0567 0.0567

T4 [K.m/W] 1.5234 1.47701 1.38322 1.38326 1.47698 1.52329 1.31933 1.44289 1.51239 1.51242 1.44283 1.31901

Δθint [°C] 8.8 8.3 6.6 6.6 8.3 8.8 5.7 7.8 8.7 8.7 7.8 5.7

[V/km] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

[A] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Simulation Data

Steady State Summary
CYMCAP Version 8.1 Revision 2

Study: HumeLink HVDC Concept Design

Execution: Option 1A - Both Circuits at 50%

Date: 24/05/2022 3:01:05 PM

Installation type: Multiple Ductbanks

Steady State Option Temperature

Ambient temperature [°C] 25

Description Cables

Native Soil Thermal Resistivity [K.m/W] 1.5

Consider Non-Isothermal Earth Surface No

Consider effect of soil dry out No

Consider Electrical interaction between circuits No

Induced current in metallic layers as a fraction of conductor current (applied to all single phase circuits) 0

Steady State Ampacity

Cable Index Number

General Input Data

Cable Equipment ID

Circuit No.

Cable Phase

Operating Frequency

X coordinate

Y coordinate

Daily Load Factor

Bonding Type

Ampacity

Losses

Temperatures

Conductor temperature

Sheath/Shield temperature

Armour temperature

Cable surface temperature

Duct surface temperature

Resistances

DC Resistance of the conductor at 20°C

AC Resistance of the Conductor at Operating Temperature

Skin Effect Factor

Proximity Effect Factor

External thermal resistance

Conductor Losses

Dielectric Losses

Metallic Screen Losses

Armor/Pipe Losses

Total Losses

Screen Loss Factor

Armour Loss Factor + Pipe Loss Factor

Thermal resistances

Thermal resistance of insulation

Thermal resistance of bedding/medium inside pipe-type

Thermal resistance of outer covering

Others

Temperature rise due to surrounding heat sources

Induced Voltage (standing) on Sheath

Induced current on Metallic Screen



No. Unit 1

1 TAIHAN 4

2 Single Core

3 [kV] 500

4 [mm²] 2500.0

5 [mm] 155.0

6 [°C] 90

7 [°C] 105

8 Copper

9 [µΩ.cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Bare Unidirectional Wires

16 0.35

17 0.2

18 [mm] 63.0

19 [mm] 5.0

20 [mm] 73.0

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: HumeLink HVDC Concept Design

Execution: Option 1A - Both Circuits at 50%

Date: 24/05/2022 3:01:05 PM

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter



21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [㏁.km] 6096

26 [mm] 28.5

27 [mm] 130.0

28 Semi Conducting Screen

29 [mm] 2.0

30 [mm] 134.0

31 n/a

32 Copper

33 [µΩ.cm] 1.7241

34 [1/K] 0.00393

35 [K] 234.5

36 [J/(K*cm³)] 3.45

37 Non Corrugated

38 [mm] 3.0

39 [mm] 140.0

40 Polyethylene

41 [K.m/W] 3.5

42 [mm] 7.5

43 [mm] 155.0

No. Unit 1

44 TAIHAN 4

45 [Hz] 50

46 1 Conductor Crossbonded Flat

Sheath

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Diameter

Insulation Screen
Material

Thickness

Diameter

Thermal Resistivity

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Corrugation Type

Thickness

Diameter

Jacket
Material

Thickness

Diameter

Description

Specific Installation Data
Cable Equipment ID

Cable Frequency

Sheath / Shield Bonding



47 0.3

48 Crossbonded Equal Minor Section Lengths

49 0

50 [K.m/W] 6

51 [mm] 240.0

52 [mm] 260.0

Duct material thermal resistivity

Loss Factor Constant (ALOS)

Minor section length

Duct construction

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : TAIHAN 4
Cable Title 500 kV 2500 sqmm 1C 6 Milliken Cu _ XLPE _ HDPE





No. Unit Cable No.1 Cable No.2 Cable No.3 Cable No.4 Cable No.5 Cable No.6 Cable No.7 Cable No.8 Cable No.9 Cable No.10 Cable No.11 Cable No.12

1 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4

2 [Ω/km] 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072

3 [Ω/km] 0.00802 0.00801 0.00797 0.00797 0.00801 0.00802 0.00794 0.00799 0.00801 0.00801 0.00799 0.00794

4 [Ω/km] 0.00842 0.00842 0.00842 0.00842 0.00842 0.00842 0.00842 0.00842 0.00842 0.00842 0.00842 0.00842

5 [Ω/km] 0.00914 0.00913 0.00909 0.00909 0.00913 0.00914 0.00907 0.00912 0.00914 0.00914 0.00912 0.00907

6 [Ω/km] 0.01335 0.01335 0.01335 0.01335 0.01335 0.01335 0.01335 0.01335 0.01335 0.01335 0.01335 0.01335

7 [Ω/km] 0.01466 0.01464 0.01457 0.01457 0.01464 0.01466 0.01452 0.01462 0.01465 0.01465 0.01462 0.01452

8 [W/m] 6.2204 6.21483 6.18909 6.18908 6.21482 6.2204 6.17486 6.20708 6.21795 6.21793 6.20707 6.17481

9 [W/m] 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092

10 [W/m] 0.08831 0.26531 0.08914 0.08826 0.26531 0.08919 0.08824 0.26511 0.08919 0.08831 0.26511 0.08911

11 [W/m] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

12 [W/m] 12.60962 12.78105 12.57915 12.57826 12.78105 12.61051 12.56401 12.77311 12.60806 12.60716 12.7731 12.56484

13 [µF/km] 0.241 0.241 0.241 0.241 0.241 0.241 0.241 0.241 0.241 0.241 0.241 0.241

14 [mH/km] 0.74155 0.74155 0.74155 0.74155 0.74155 0.74155 0.74155 0.74155 0.74155 0.74155 0.74155 0.74155

15 [Ω/km] 0.23297 0.23297 0.23297 0.23297 0.23297 0.23297 0.23297 0.23297 0.23297 0.23297 0.23297 0.23297

16 [mH/km] 0.53618 0.53618 0.53618 0.53618 0.53618 0.53618 0.53618 0.53618 0.53618 0.53618 0.53618 0.53618

17 [Ω/km] 0.16845 0.16845 0.16845 0.16845 0.16845 0.16845 0.16845 0.16845 0.16845 0.16845 0.16845 0.16845

18 [Ω/km] 0.009139 +
 j0.232966

0.009131 +
 j0.232966

0.009093 +
 j0.232966

0.009093 +
 j0.232966

0.009131 +
 j0.232966

0.009139 +
 j0.232966

0.009072 +
 j0.232966

0.009120 +
 j0.232966

0.009136 +
 j0.232966

0.009136 +
 j0.232966

0.009120 +
 j0.232966

0.009072 +
 j0.232966

19 [Ω/km] 0.009139 +
 j0.232966

0.009131 +
 j0.232966

0.009093 +
 j0.232966

0.009093 +
 j0.232966

0.009131 +
 j0.232966

0.009139 +
 j0.232966

0.009072 +
 j0.232966

0.009120 +
 j0.232966

0.009136 +
 j0.232966

0.009136 +
 j0.232966

0.009120 +
 j0.232966

0.009072 +
 j0.232966

20 [Ω/km] 0.021556 +
 j0.168447

0.021558 +
 j0.168447

0.021567 +
 j0.168447

0.021567 +
 j0.168447

0.021558 +
 j0.168447

0.021556 +
 j0.168447

0.021573 +
 j0.168447

0.021561 +
 j0.168447

0.021557 +
 j0.168447

0.021557 +
 j0.168447

0.021561 +
 j0.168447

0.021573 +
 j0.168447

21 [Ω] 55.50775 55.50775 55.50775 55.50775 55.50775 55.50775 55.50775 55.50775 55.50775 55.50775 55.50775 55.50775

22 [kV/mm] 13.70516 13.70516 13.70516 13.70516 13.70516 13.70516 13.70516 13.70516 13.70516 13.70516 13.70516 13.70516

23 [kV/mm] 7.69598 7.69598 7.69598 7.69598 7.69598 7.69598 7.69598 7.69598 7.69598 7.69598 7.69598 7.69598

24 [㏁.km] 1527.78246 1527.78246 1527.78246 1527.78246 1527.78246 1527.78246 1527.78246 1527.78246 1527.78246 1527.78246 1527.78246 1527.78246

25 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a

26 [A/km] 21.82702 21.82702 21.82702 21.82702 21.82702 21.82702 21.82702 21.82702 21.82702 21.82702 21.82702 21.82702

27 [kvar/km] 18902.75625 18902.75625 18902.75625 18902.75625 18902.75625 18902.75625 18902.75625 18902.75625 18902.75625 18902.75625 18902.75625 18902.75625

28 [V/A/km] 0.01583 0.01582 0.01575 0.01575 0.01582 0.01583 0.01571 0.0158 0.01582 0.01582 0.0158 0.01571

29 [V/km] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

30 [A] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Electrical Parameters
CYMCAP Version 8.1 Revision 2

Study: HumeLink HVDC Concept Design

AC Resistance of Conductor at Operating Temperature

Execution: Option 1A - Both Circuits at 50%

Date: 24/05/2022 3:01:05 PM

Description

Cable Equipment ID

Resistances

DC Resistance of the conductor at 20°C

DC Resistance of Conductor at Operating Temperature

AC Resistance of Conductor at 20°C

Reactance of Conductor

DC Resistance of Sheath at 20°C

DC Resistance of Sheath at Operating Temperature

Losses

Conductor Losses

Dielectric Losses

Metallic Screen Losses

Armor/Pipe Losses

Total Losses

Capacitance, Inductance, Impedance

Capacitance

Inductance of Conductor

Charging Current for One Cable (Phase)

Inductance of Metallic Sheath

Reactance of Metallic Sheath

Positive Sequence Impedance

Negative Sequence Impedance

Zero Sequence Impedance

Surge Impedance

Others

Dielectric Stress at Insulation Inner Surface

Dielectric Stress at Insulation Outer Surface

Insulation Resistance at 60°F (15.8°C)

Reduction Factor (2pt bonded & single metallic screen)

Charging Capacity of three phase system at Uo

Voltage drop for Three Phase System

Induced Voltage (standing) on Sheath

Induced current on Metallic Screen



No. Symbol Description Unit Cable No.1 Cable No.2 Cable No.3 Cable No.4 Cable No.5 Cable No.6 Cable No.7 Cable No.8 Cable No.9 Cable No.10 Cable No.11 Cable No.12

1 Cable Equipment ID TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4

2 R DC Resistance of the conductor at 20°C [Ω/km] 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072

3 R' DC Resistance of Conductor at Operating Temperature [Ω/km] 0.00802 0.00801 0.00797 0.00797 0.00801 0.00802 0.00794 0.00799 0.00801 0.00801 0.00799 0.00794

4 dc Conductor Diameter [mm] 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0

5 s Distance Between Conductor Axes [mm] 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0

6 ks Factor Used for xs Calculation (Skin Effect) 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35

7 kp Factor Used for xp Calculation (Proximity Effect) 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

8 Xs² Component of  Ys Calculation (Skin Effect) 5.48631 5.4926 5.52187 5.52189 5.49261 5.48631 5.53821 5.50138 5.48907 5.48909 5.50139 5.53827

9 Xp² Component of  Yp Calculation (Proximity Effect) 3.13503 3.13863 3.15535 3.15536 3.13863 3.13504 3.16469 3.14364 3.13661 3.13662 3.14365 3.16472

10 ys Skin Effect Factor 0.1393 0.13958 0.14091 0.14091 0.13958 0.1393 0.14165 0.13998 0.13942 0.13942 0.13998 0.14165

11 yp Proximity Effect Factor 0.00072 0.00072 0.00073 0.00073 0.00072 0.00072 0.00073 0.00073 0.00072 0.00072 0.00073 0.00073

12 R AC Resistance of Conductor at Operating Temperature [Ω/km] 0.00914 0.00913 0.00909 0.00909 0.00913 0.00914 0.00907 0.00912 0.00914 0.00914 0.00912 0.00907

13 tanδ Dielectric Loss Factor 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001

14 ε Insulation Relative Permitivity 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5

15 C Cable Capacitance [µF/km] 0.241 0.241 0.241 0.241 0.241 0.241 0.241 0.241 0.241 0.241 0.241 0.241

16 U Voltage [kV] 288.67513 288.67513 288.67513 288.67513 288.67513 288.67513 288.67513 288.67513 288.67513 288.67513 288.67513 288.67513

17 Wd Cable Dielectric Losses Per Phase [W/m] 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092

18 ƛ'sa Circulating Loss Factor 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

19 ƛ' Screen Loss Factor Caused by Circulating Current 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

20 Rs AC Resistance used for Eddy Loss Factor computation [Ω/km] 0.01466 0.01464 0.01457 0.01457 0.01464 0.01466 0.01452 0.01462 0.01465 0.01465 0.01462 0.01452

21 d Mean diameter used for Eddy Loss Factor computation [mm] 136.99999 136.99999 136.99999 136.99999 136.99999 136.99999 136.99999 136.99999 136.99999 136.99999 136.99999 136.99999

22 ρs Electrical Resistivity used for Eddy Loss Factor computation [Ω.m] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

23 Ds External diameter used for Eddy Loss Factor computation [mm] 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999

24 ts Thickness used for Eddy Loss Factor computation [mm] 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

25 β Coefficient used in IEC 60287-1-1 Clause 2.3.6.1 144.41317 144.49648 144.88358 144.8838 144.49659 144.41318 145.09926 144.61263 144.44971 144.44998 144.61283 145.10001

26 gs Coefficient used in IEC 60287-1-1 Clause 2.3.6.1 1.02322 1.02323 1.0233 1.0233 1.02323 1.02322 1.02334 1.02325 1.02323 1.02323 1.02325 1.02334

28 m Coefficient used in IEC 60287-1-1 Clause 2.3.6.1 2.14287 2.14534 2.15685 2.15686 2.14534 2.14287 2.16328 2.14879 2.14395 2.14396 2.1488 2.1633

29 ƛ Coefficient used in IEC 60287-1-1 Clause 2.3.6.1 0.00578 0.02313 0.00579 0.00579 0.02313 0.00578 0.0058 0.02314 0.00578 0.00578 0.02314 0.0058

30 Δ Coefficient used in IEC 60287-1-1 Clause 2.3.6.1 -0.00018 0.00044 0.01497 -0.00018 0.00044 0.015 -0.00017 0.00044 0.01499 -0.00018 0.00044 0.01496

31 Δ Coefficient used in IEC 60287-1-1 Clause 2.3.6.1 0.00023 0.0 0.0 0.00023 0.0 0.0 0.00023 0.0 0.0 0.00023 0.0 0.0

32 F Milliken conductor Effect 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

33 Fpipe Magnetic effect factor due to pipe 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

34 Farmour Magnetic effect factor due to armour 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

35 ƛ'' Screen Loss Factor Caused by Eddy Current 0.0142 0.04269 0.0144 0.01426 0.04269 0.01434 0.01429 0.04271 0.01434 0.0142 0.04271 0.01443

36 ƛ Screen Loss Factor 0.0142 0.04269 0.0144 0.01426 0.04269 0.01434 0.01429 0.04271 0.01434 0.0142 0.04271 0.01443

37 ƛ a Armour Loss Factor 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

38 ƛ pipe Pipe Loss Factor 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

40 ƛ Armour Loss Factor + Pipe Loss Factor 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

41 T Thermal Resistance Between Conductor and Screen [K.m/W] 0.4204 0.4204 0.4204 0.4204 0.4204 0.4204 0.4204 0.4204 0.4204 0.4204 0.4204 0.4204

42 t Insulation Thickness Between Conductor and Screen [mm] 35.49999 35.49999 35.49999 35.49999 35.49999 35.49999 35.49999 35.49999 35.49999 35.49999 35.49999 35.49999

43 ρTi Thermal Resistivity of Insulation [K.m/W] 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5

44 T Thermal Resistance of Jacket/Pipe Coating [K.m/W] 0.0567 0.0567 0.0567 0.0567 0.0567 0.0567 0.0567 0.0567 0.0567 0.0567 0.0567 0.0567

45 t Thickness of Jacket/Pipe Coating [mm] 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5

46 ρTJ Thermal Resistivity of Jacket/Pipe Coating [K.m/W] 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5

47 Thermal resistance [K.m/W] 0.08207 0.08207 0.08207 0.08207 0.08207 0.08207 0.08207 0.08207

48 Thermal resistance equation

49 Thermal resistivity [K.m/W] 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5

50 Layer thickness [mm] 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0

51 Internal diameter [mm] 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0

52 Thermal resistance [K.m/W] 0.32146 0.32146 0.32146 0.32146 0.32146 0.32146 0.32146 0.32146

53 Thermal resistance equation

54 Thermal resistivity [K.m/W] 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5

55 Layer thickness [mm] 28.5 28.5 28.5 28.5 28.5 28.5 28.5 28.5 28.5 28.5 28.5 28.5

56 Internal diameter [mm] 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0

57 Thermal resistance [K.m/W] 0.01688 0.01688 0.01688 0.01688 0.01688 0.01688 0.01688 0.01688

58 Thermal resistance equation

59 Thermal resistivity [K.m/W] 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5

60 Layer thickness [mm] 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0

61 Internal diameter [mm] 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0

62 Thermal resistance [K.m/W] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

63 Thermal resistance equation

64 Thermal resistivity [K.m/W] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

65 Layer thickness [mm] 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

66 Internal diameter [mm] 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999

67 Thermal resistance [K.m/W] 0.0567 0.0567 0.0567 0.0567 0.0567 0.0567 0.0567 0.0567

68 Thermal resistance equation

69 Thermal resistivity [K.m/W] 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5

70 Layer thickness [mm] 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5

71 Internal diameter [mm] 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999

72 U Constant from IEC6028721 clause4272  1.87 1.87 1.87 1.87 1.87 1.87 1.87 1.87 1.87 1.87 1.87 1.87

73 V Constant from IEC6028721 clause4272  0.312 0.312 0.312 0.312 0.312 0.312 0.312 0.312 0.312 0.312 0.312 0.312

74 Y Constant from IEC6028721 clause4272  0.0037 0.0037 0.0037 0.0037 0.0037 0.0037 0.0037 0.0037 0.0037 0.0037 0.0037 0.0037

75 θm Mean temperature of the medium in conduit [°C] 42.78725 42.43254 40.96303 40.96233 42.43212 42.78707 40.13266 41.98128 42.64478 42.64387 41.9805 40.12965

76 Deq Equivalent diameter of the cables inside the conduit [mm] 154.99999 154.99999 154.99999 154.99999 154.99999 154.99999 154.99999 154.99999 154.99999 154.99999 154.99999 154.99999

77 T ' Thermal resistance of the medium in conduit [K.m/W] 0.22558 0.22613 0.22846 0.22846 0.22613 0.22558 0.2298 0.22684 0.2258 0.2258 0.22684 0.2298

78 Do Outer diameter of the conduit [mm] 260.0 260.0 260.0 260.0 260.0 260.0 260.0 260.0 260.0 260.0 260.0 260.0

79 Di Inner diameter of the conduit [mm] 240.0 240.0 240.0 240.0 240.0 240.0 240.0 240.0 240.0 240.0 240.0 240.0

80 ρT Thermal resistivity of the conduit material [K.m/W] 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0

81 T '' Thermal resistance of the conduit [K.m/W] 0.07644 0.07644 0.07644 0.07644 0.07644 0.07644 0.07644 0.07644 0.07644 0.07644 0.07644 0.07644

82 L Depth of cable/conduit axis [m] 1.1588 1.1588 1.1588 1.1588 1.1588 1.1588 1.1588 1.1588 1.1588 1.1588 1.1588 1.1588

83 De External diameter of the cable conduit [m] 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26

84 u Geometric factor as per IEC60287-2-1 clause 4.2.2  8.91385 8.91385 8.91385 8.91385 8.91385 8.91385 8.91385 8.91385 8.91385 8.91385 8.91385 8.91385

85 ρTs Thermal resistivity of the soil [K.m/W] 1.14281 1.15003 1.21311 1.2131 1.14995 1.14269 1.22215 1.15402 1.14394 1.1439 1.15404 1.22171

86 T '''self Thermal resistance of the cable isolated [K.m/W] 0.52339 0.5267 0.55559 0.55558 0.52666 0.52333 0.55972 0.52852 0.5239 0.52389 0.52853 0.55952

87 T

₄

'''mutual Thermal resistance associated to the temperature rise due to surrounding heat sources [K.m/W] 0.698 0.64775 0.52274 0.52278 0.64776 0.69794 0.45337 0.61109 0.68625 0.68629 0.61102 0.45326

88 Δθint Temperature rise due to surrounding heat sources [°C] 8.80153 8.27896 6.57565 6.57569 8.27902 8.8014 5.69618 7.80546 8.65225 8.65221 7.80458 5.69508

89 T ''' Thermal resistance of the external medium [K.m/W] 1.22139 1.17445 1.07833 1.07836 1.17441 1.22128 1.0131 1.13961 1.21015 1.21018 1.13955 1.01278

90 Thermal capacitance [J/m.K] 8625.0 8625.0 8625.0 8625.0 8625.0 8625.0 8625.0 8625.0

91 Thermal capacitance equation

92 Material surface [mm²] 2500.0 2500.0 2500.0 2500.0 2500.0 2500.0 2500.0 2500.0 2500.0 2500.0 2500.0 2500.0

93 Volumetric specific heat of the material [J/(K*m³)] 3450000.0 3450000.0 3450000.0 3450000.0 3450000.0 3450000.0 3450000.0 3450000.0 3450000.0 3450000.0 3450000.0 3450000.0

94 Thermal capacitance [J/m.K] 2563.53931 2563.53931 2563.53931 2563.53931 2563.53931 2563.53931 2563.53931 2563.53931

95 Thermal capacitance equation

96 External diameter [mm] 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0

97 Internal diameter [mm] 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0

98 Volumetric specific heat of the material [J/(K*m³)] 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0

99 Thermal capacitance [J/m.K] 7843.2996 7843.2996 7843.2996 7843.2996 7843.2996 7843.2996 7843.2996 7843.2996

100 Thermal capacitance equation

101 External diameter [mm] 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0

102 Internal diameter [mm] 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0

103 Volumetric specific heat of the material [J/(K*m³)] 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0

104 Thermal capacitance [J/m.K] 13967.51952 13967.51952 13967.51952 13967.51952 13967.51952 13967.51952 13967.51952 13967.51952

Normal Operation IEC 60287-1-1

Cable Parameters under Normal Operation
CYMCAP Version 8.1 Revision 2

Study: HumeLink HVDC Concept Design

Execution: Option 1A - Both Circuits at 50%

Date: 24/05/2022 3:01:05 PM

T
Jacket

Conductor AC Resistance

Dielectric Losses

Circulating Loss Factor

Eddy Loss Factor

Metallic Screen Loss factor

Armour and Pipe Loss Factor

Normal Operation IEC 60287-2-1

T
Conductor Shield

T
Insulation

T
Insulation Screen

T
Sheath

Thermal resistance inside the duct

Thermal resistance of the duct

Thermal resistance of the external medium

Thermal Capacitance IEC 853-2

Q
Conductor

Q
Conductor Shield

Q1
Insulation



105 Thermal capacitance equation

106 External diameter [mm] 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0

107 Internal diameter [mm] 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0

108 Volumetric specific heat of the material [J/(K*m³)] 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0

109 Thermal capacitance [J/m.K] 1990.5096 1990.5096 1990.5096 1990.5096 1990.5096 1990.5096 1990.5096 1990.5096

110 Thermal capacitance equation

111 External diameter [mm] 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999

112 Internal diameter [mm] 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0

113 Volumetric specific heat of the material [J/(K*m³)] 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0

114 Thermal capacitance [J/m.K] 4454.61885 4454.61885 4454.61885 4454.61885 4454.61885 4454.61885 4454.61885 4454.61885

115 Thermal capacitance equation

116 External diameter [mm] 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999

117 Internal diameter [mm] 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999

118 Volumetric specific heat of the material [J/(K*m³)] 3450000.0 3450000.0 3450000.0 3450000.0 3450000.0 3450000.0 3450000.0 3450000.0 3450000.0 3450000.0 3450000.0 3450000.0

119 Thermal capacitance [J/m.K] 8340.92803 8340.92803 8340.92803 8340.92803 8340.92803 8340.92803 8340.92803 8340.92803

120 Thermal capacitance equation

121 External diameter [mm] 154.99999 154.99999 154.99999 154.99999 154.99999 154.99999 154.99999 154.99999 154.99999 154.99999 154.99999 154.99999

122 Internal diameter [mm] 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999

123 Volumetric specific heat of the material [J/(K*m³)] 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0

124 T Total external thermal resistance [K.m/W] 1.5 1.5 1.4 1.4 1.5 1.5 1.3 1.4 1.5 1.5 1.4 1.3

125 I Cable core ampacity [A] 825.0 825.0 825.0 825.0 825.0 825.0 825.0 825.0 825.0 825.0 825.0 825.0

Ampacity

Q2
Insulation

Q
Insulation Screen

Q
Sheath

Q
Jacket



X [m] Y [m] Width [m] Height [m] Thermal Resistivity 
[K.m/W]

-4.5 1.0 5.5 1.2 1.0

4.5 1.0 5.5 1.2 1.0

General Simulation Data

Study Summary
CYMCAP Version 8.1 Revision 2

Study: HumeLink HVDC Concept Design

Execution: Option 1A - 1st Circuit OOS _ 2nd Circuit at 100 %

Date: 24/05/2022 2:53:18 PM

Steady State Option Unequally Loaded

Consider Electrical interaction between circuits No

Induced currents in metallic layers as a fraction of conductor current (applied to all single phase circuits) : 0.0

Conductor Resistances Computation Option: IEC-228

Standard Settings Options
General guidance Custom

Factor on RAC due to magnetic armour CIGREGuidance

Factor on RAC due to magnetic duct CIGREGuidance

Factor on ƛ  due to magnetic armour CYMCAPGuidance

Factor on ƛ  due to magnetic duct CIGREGuidance

Factor on ƛ  due to ƛ' CYMCAPGuidance

ƛ''  computation CIGREGuidance

ƛ pipe computation CYMCAPGuidance

Wd computation CIGREGuidance

T  computation CIGREGuidance

T  computation CYMCAPGuidance

Installation Type:Multiple Ductbanks/Backfills
Ambient Soil Temperature at Installation Depth [°C] 25.0

Native Soil Thermal Resistivity [K.m/W] 1.5

Consider Non-Isothermal Earth Surface No

Results Summary

Layer Name

FTSB

FTSB



Cable No. Cable ID Circuit No. Feeder ID Cable Phase Cable Frequency Daily Load Factor X coordinate
[m]

Y coordinate
[m]

Conductor 
temperature [°C] Ampacity [A]

1 TAIHAN 4 1 5C2-B A 50.0 1.0 -4.0 1.16 37.6 1.0

2 TAIHAN 4 1 5C2-B B 50.0 1.0 -3.0 1.16 37.9 1.0

3 TAIHAN 4 1 5C2-B C 50.0 1.0 -2.0 1.16 38.0 1.0

4 TAIHAN 4 2 5C1-A A 50.0 1.0 2.0 1.16 83.3 1653.2

5 TAIHAN 4 2 5C1-A B 50.0 1.0 3.0 1.16 88.6 1653.2

6 TAIHAN 4 2 5C1-A C 50.0 1.0 4.0 1.16 90.0 1653.2

7 TAIHAN 4 3 5C2-A A 50.0 1.0 -7.0 1.16 35.5 1.0

8 TAIHAN 4 3 5C2-A B 50.0 1.0 -6.0 1.16 36.5 1.0

9 TAIHAN 4 3 5C2-A C 50.0 1.0 -5.0 1.16 37.1 1.0

10 TAIHAN 4 4 5C1-B A 50.0 1.0 5.0 1.16 90.0 1653.7

11 TAIHAN 4 4 5C1-B B 50.0 1.0 6.0 1.16 88.6 1653.7

12 TAIHAN 4 4 5C1-B C 50.0 1.0 7.0 1.16 83.2 1653.7



Variable Unit
Cable No. 1 2 3 4 5 6 7 8 9 10 11 12

Cable ID TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4

Circuit No. 1 1 1 2 2 2 3 3 3 4 4 4

Phase A B C A B C A B C A B C

Fq [Hz] 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0

x [m] -4.0 -3.0 -2.0 2.0 3.0 4.0 -7.0 -6.0 -5.0 5.0 6.0 7.0

y [m] 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16

DLF [p.u.] 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

1 Conductor Crossbonded Flat 1 Conductor Crossbonded Flat 1 Conductor Crossbonded Flat 1 Conductor Crossbonded Flat 1 Conductor Crossbonded Flat 1 Conductor Crossbonded Flat 1 Conductor Crossbonded Flat 1 Conductor Crossbonded Flat 1 Conductor Crossbonded Flat 1 Conductor Crossbonded Flat 1 Conductor Crossbonded Flat 1 Conductor Crossbonded Flat

I [A] 1.0 1.0 1.0 1653.2 1653.2 1653.2 1.0 1.0 1.0 1653.7 1653.7 1653.7

θc [°C] 37.6 37.9 38.0 83.3 88.6 90.0 35.5 36.5 37.1 90.0 88.6 83.2

θs [°C] 36.3 36.6 36.7 70.5 75.6 77.0 34.2 35.2 35.8 77.0 75.6 70.4

θa [°C] n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a

θsurf [°C] 35.9 36.2 36.4 68.6 73.7 75.0 33.8 34.9 35.5 75.0 73.6 68.5

θduct [°C] 33.9 34.2 34.4 59.3 64.3 65.9 31.8 32.9 33.5 65.9 64.2 59.2

R

₀

[Ω/km] 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072

R [Ω/km] 0.00886 0.00886 0.00887 0.01002 0.01015 0.01019 0.0088 0.00883 0.00884 0.01019 0.01015 0.01001

ys 0.14968 0.14937 0.14924 0.11331 0.10995 0.1091 0.1517 0.1507 0.1501 0.1091 0.10997 0.11338

yp 0.00077 0.00077 0.00077 0.0006 0.00058 0.00058 0.00078 0.00078 0.00077 0.00058 0.00058 0.0006

Wc [W/m] 0.00001 0.00001 0.00001 27.37457 27.74651 27.84305 0.00001 0.00001 0.00001 27.85993 27.76054 27.38349

Wd [W/m] 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092

Ws [W/m] 0.0 0.0 0.0 0.35757 1.11555 0.36221 0.0 0.0 0.0 0.35855 1.11616 0.36159

Wa [W/m] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Wt [W/m] 6.30093 6.30093 6.30093 34.03306 35.16299 34.50618 6.30093 6.30093 6.30093 34.5194 35.17762 34.04601

ƛ

₁

0.01461 0.0434 0.01474 0.01306 0.04021 0.01301 0.01469 0.04346 0.01477 0.01287 0.04021 0.0132

ƛ

₂

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

T1 [K.m/W] 0.4204 0.4204 0.4204 0.4204 0.4204 0.4204 0.4204 0.4204 0.4204 0.4204 0.4204 0.4204

T2 [K.m/W] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

T3 [K.m/W] 0.0567 0.0567 0.0567 0.0567 0.0567 0.0567 0.0567 0.0567 0.0567 0.0567 0.0567 0.0567

T4 [K.m/W] 1.73016 1.78151 1.8014 1.28023 1.3835 1.44954 1.40139 1.56408 1.6613 1.44876 1.38165 1.27654

Δθint [°C] 5.6 5.9 5.9 15.4 20.8 22.8 3.3 4.5 5.2 22.8 20.7 15.2

[V/km] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

[A] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Simulation Data

Steady State Summary
CYMCAP Version 8.1 Revision 2

Study: HumeLink HVDC Concept Design

Execution: Option 1A - 1st Circuit OOS _ 2nd Circuit at 100 %

Date: 24/05/2022 2:53:18 PM

Installation type: Multiple Ductbanks

Steady State Option Unequally Loaded

Ambient temperature [°C] 25

Description Cables

Native Soil Thermal Resistivity [K.m/W] 1.5

Consider Non-Isothermal Earth Surface No

Consider effect of soil dry out No

Consider Electrical interaction between circuits No

Induced current in metallic layers as a fraction of conductor current (applied to all single phase circuits) 0

Steady State Ampacity

Cable Index Number

General Input Data

Cable Equipment ID

Circuit No.

Cable Phase

Operating Frequency

X coordinate

Y coordinate

Daily Load Factor

Bonding Type

Ampacity

Losses

Temperatures

Conductor temperature

Sheath/Shield temperature

Armour temperature

Cable surface temperature

Duct surface temperature

Resistances

DC Resistance of the conductor at 20°C

AC Resistance of the Conductor at Operating Temperature

Skin Effect Factor

Proximity Effect Factor

External thermal resistance

Conductor Losses

Dielectric Losses

Metallic Screen Losses

Armor/Pipe Losses

Total Losses

Screen Loss Factor

Armour Loss Factor + Pipe Loss Factor

Thermal resistances

Thermal resistance of insulation

Thermal resistance of bedding/medium inside pipe-type

Thermal resistance of outer covering

Others

Temperature rise due to surrounding heat sources

Induced Voltage (standing) on Sheath

Induced current on Metallic Screen



No. Unit 1

1 TAIHAN 4

2 Single Core

3 [kV] 500

4 [mm²] 2500.0

5 [mm] 155.0

6 [°C] 90

7 [°C] 105

8 Copper

9 [µΩ.cm] 1.7241

10 [1/K] 0.00393

11 [K] 234.4529262

12 [J/(K*cm³)] 3.45

13 6 Segments

14 Extruded

15 Bare Unidirectional Wires

16 0.35

17 0.2

18 [mm] 63.0

19 [mm] 5.0

20 [mm] 73.0

Description

Cables Report
CYMCAP Version 8.1 Revision 2

Study: HumeLink HVDC Concept Design

Execution: Option 1A - 1st Circuit OOS _ 2nd Circuit at 100 %

Date: 24/05/2022 2:53:18 PM

Temperature Coefficient at 20°C

General Cable Information
Cable Equipment ID

Number of Cores

Voltage

Conductor Area

Cable Overall Diameter

Maximum Steady-State Conductor Temperature

Maximum Emergency Conductor Temperature

Conductor
Material

Electrical Resistivity at 20°C

Insulation

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Construction

Conductor Insulation System

Milliken Wires Construction

Ks (Skin Effect Coefficient)

Kp (Proximity Effect Coefficient)

Diameter

Conductor Shield
Thickness

Diameter



21 XLPE Unfilled

22 [K.m/W] 3.5

23 0.001

24 2.5

25 [㏁.km] 6096

26 [mm] 28.5

27 [mm] 130.0

28 Semi Conducting Screen

29 [mm] 2.0

30 [mm] 134.0

31 n/a

32 Copper

33 [µΩ.cm] 1.7241

34 [1/K] 0.00393

35 [K] 234.5

36 [J/(K*cm³)] 3.45

37 Non Corrugated

38 [mm] 3.0

39 [mm] 140.0

40 Polyethylene

41 [K.m/W] 3.5

42 [mm] 7.5

43 [mm] 155.0

No. Unit 1

44 TAIHAN 4

45 [Hz] 50

46 1 Conductor Crossbonded Flat

Sheath

Material

Thermal Resistivity

Dielectric Loss Factor - ( tan delta )

Relative Permittivity - ( epsilon )

Specific Insulation Resistance Constant at 60°F - ( K )

Thickness

Diameter

Insulation Screen
Material

Thickness

Diameter

Thermal Resistivity

Is Sheath Around Each Core?

Material

Electrical Resistivity at 20°C

Temperature Coefficient at 20°C

Reciprocal of Temperature Coefficient of Resistance (BETA)

Volumetric Specific Heat (SH)

Corrugation Type

Thickness

Diameter

Jacket
Material

Thickness

Diameter

Description

Specific Installation Data
Cable Equipment ID

Cable Frequency

Sheath / Shield Bonding



47 0.3

48 Crossbonded Equal Minor Section Lengths

49 0

50 [K.m/W] 6

51 [mm] 240.0

52 [mm] 260.0

Duct material thermal resistivity

Loss Factor Constant (ALOS)

Minor section length

Duct construction

Inner diameter of the conduit

Outer diameter of the conduit

Cable ID : TAIHAN 4
Cable Title 500 kV 2500 sqmm 1C 6 Milliken Cu _ XLPE _ HDPE





No. Unit Cable No.1 Cable No.2 Cable No.3 Cable No.4 Cable No.5 Cable No.6 Cable No.7 Cable No.8 Cable No.9 Cable No.10 Cable No.11 Cable No.12

1 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4

2 [Ω/km] 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072

3 [Ω/km] 0.0077 0.00771 0.00771 0.00899 0.00914 0.00918 0.00764 0.00767 0.00769 0.00918 0.00914 0.00899

4 [Ω/km] 0.00842 0.00842 0.00842 0.00842 0.00842 0.00842 0.00842 0.00842 0.00842 0.00842 0.00842 0.00842

5 [Ω/km] 0.00886 0.00886 0.00887 0.01002 0.01015 0.01019 0.0088 0.00883 0.00884 0.01019 0.01015 0.01001

6 [Ω/km] 0.01335 0.01335 0.01335 0.01335 0.01335 0.01335 0.01335 0.01335 0.01335 0.01335 0.01335 0.01335

7 [Ω/km] 0.01421 0.01422 0.01423 0.016 0.01627 0.01634 0.0141 0.01415 0.01418 0.01634 0.01627 0.016

8 [W/m] 0.00001 0.00001 0.00001 27.37457 27.74651 27.84305 0.00001 0.00001 0.00001 27.85993 27.76054 27.38349

9 [W/m] 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092

10 [W/m] 0.0 0.0 0.0 0.35757 1.11555 0.36221 0.0 0.0 0.0 0.35855 1.11616 0.36159

11 [W/m] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

12 [W/m] 6.30093 6.30093 6.30093 34.03306 35.16299 34.50618 6.30093 6.30093 6.30093 34.5194 35.17762 34.04601

13 [µF/km] 0.241 0.241 0.241 0.241 0.241 0.241 0.241 0.241 0.241 0.241 0.241 0.241

14 [mH/km] 0.74155 0.74155 0.74155 0.74155 0.74155 0.74155 0.74155 0.74155 0.74155 0.74155 0.74155 0.74155

15 [Ω/km] 0.23297 0.23297 0.23297 0.23297 0.23297 0.23297 0.23297 0.23297 0.23297 0.23297 0.23297 0.23297

16 [mH/km] 0.53618 0.53618 0.53618 0.53618 0.53618 0.53618 0.53618 0.53618 0.53618 0.53618 0.53618 0.53618

17 [Ω/km] 0.16845 0.16845 0.16845 0.16845 0.16845 0.16845 0.16845 0.16845 0.16845 0.16845 0.16845 0.16845

18 [Ω/km] 0.008856 +
 j0.232966

0.008864 +
 j0.232966

0.008867 +
 j0.232966

0.010016 +
 j0.232966

0.010153 +
 j0.232966

0.010188 +
 j0.232966

0.008804 +
 j0.232966

0.008829 +
 j0.232966

0.008845 +
 j0.232966

0.010188 +
 j0.232966

0.010152 +
 j0.232966

0.010014 +
 j0.232966

19 [Ω/km] 0.008856 +
 j0.232966

0.008864 +
 j0.232966

0.008867 +
 j0.232966

0.010016 +
 j0.232966

0.010153 +
 j0.232966

0.010188 +
 j0.232966

0.008804 +
 j0.232966

0.008829 +
 j0.232966

0.008845 +
 j0.232966

0.010188 +
 j0.232966

0.010152 +
 j0.232966

0.010014 +
 j0.232966

20 [Ω/km] 0.021630 +
 j0.168447

0.021628 +
 j0.168447

0.021627 +
 j0.168447

0.021369 +
 j0.168447

0.021344 +
 j0.168447

0.021338 +
 j0.168447

0.021645 +
 j0.168447

0.021638 +
 j0.168447

0.021633 +
 j0.168447

0.021338 +
 j0.168447

0.021345 +
 j0.168447

0.021369 +
 j0.168447

21 [Ω] 55.50775 55.50775 55.50775 55.50775 55.50775 55.50775 55.50775 55.50775 55.50775 55.50775 55.50775 55.50775

22 [kV/mm] 13.70516 13.70516 13.70516 13.70516 13.70516 13.70516 13.70516 13.70516 13.70516 13.70516 13.70516 13.70516

23 [kV/mm] 7.69598 7.69598 7.69598 7.69598 7.69598 7.69598 7.69598 7.69598 7.69598 7.69598 7.69598 7.69598

24 [㏁.km] 1527.78246 1527.78246 1527.78246 1527.78246 1527.78246 1527.78246 1527.78246 1527.78246 1527.78246 1527.78246 1527.78246 1527.78246

25 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a

26 [A/km] 21.82702 21.82702 21.82702 21.82702 21.82702 21.82702 21.82702 21.82702 21.82702 21.82702 21.82702 21.82702

27 [kvar/km] 18902.75625 18902.75625 18902.75625 18902.75625 18902.75625 18902.75625 18902.75625 18902.75625 18902.75625 18902.75625 18902.75625 18902.75625

28 [V/A/km] 0.01534 0.01535 0.01536 0.01735 0.01758 0.01765 0.01525 0.01529 0.01532 0.01765 0.01758 0.01734

29 [V/km] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

30 [A] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Electrical Parameters
CYMCAP Version 8.1 Revision 2

Study: HumeLink HVDC Concept Design

AC Resistance of Conductor at Operating Temperature

Execution: Option 1A - 1st Circuit OOS _ 2nd Circuit at 100 %

Date: 24/05/2022 2:53:18 PM

Description

Cable Equipment ID

Resistances

DC Resistance of the conductor at 20°C

DC Resistance of Conductor at Operating Temperature

AC Resistance of Conductor at 20°C

Reactance of Conductor

DC Resistance of Sheath at 20°C

DC Resistance of Sheath at Operating Temperature

Losses

Conductor Losses

Dielectric Losses

Metallic Screen Losses

Armor/Pipe Losses

Total Losses

Capacitance, Inductance, Impedance

Capacitance

Inductance of Conductor

Charging Current for One Cable (Phase)

Inductance of Metallic Sheath

Reactance of Metallic Sheath

Positive Sequence Impedance

Negative Sequence Impedance

Zero Sequence Impedance

Surge Impedance

Others

Dielectric Stress at Insulation Inner Surface

Dielectric Stress at Insulation Outer Surface

Insulation Resistance at 60°F (15.8°C)

Reduction Factor (2pt bonded & single metallic screen)

Charging Capacity of three phase system at Uo

Voltage drop for Three Phase System

Induced Voltage (standing) on Sheath

Induced current on Metallic Screen



No. Symbol Description Unit Cable No.1 Cable No.2 Cable No.3 Cable No.4 Cable No.5 Cable No.6 Cable No.7 Cable No.8 Cable No.9 Cable No.10 Cable No.11 Cable No.12

1 Cable Equipment ID TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4 TAIHAN 4

2 R DC Resistance of the conductor at 20°C [Ω/km] 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072 0.0072

3 R' DC Resistance of Conductor at Operating Temperature [Ω/km] 0.0077 0.00771 0.00771 0.00899 0.00914 0.00918 0.00764 0.00767 0.00769 0.00918 0.00914 0.00899

4 dc Conductor Diameter [mm] 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0

5 s Distance Between Conductor Axes [mm] 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0

6 ks Factor Used for xs Calculation (Skin Effect) 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35

7 kp Factor Used for xp Calculation (Proximity Effect) 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

8 Xs² Component of  Ys Calculation (Skin Effect) 5.7138 5.70701 5.70438 4.89116 4.81096 4.7906 5.75766 5.73588 5.72294 4.79061 4.81156 4.89285

9 Xp² Component of  Yp Calculation (Proximity Effect) 3.26503 3.26115 3.25964 2.79495 2.74912 2.73749 3.29009 3.27764 3.27025 2.73749 2.74946 2.79591

10 ys Skin Effect Factor 0.14968 0.14937 0.14924 0.11331 0.10995 0.1091 0.1517 0.1507 0.1501 0.1091 0.10997 0.11338

11 yp Proximity Effect Factor 0.00077 0.00077 0.00077 0.0006 0.00058 0.00058 0.00078 0.00078 0.00077 0.00058 0.00058 0.0006

12 R AC Resistance of Conductor at Operating Temperature [Ω/km] 0.00886 0.00886 0.00887 0.01002 0.01015 0.01019 0.0088 0.00883 0.00884 0.01019 0.01015 0.01001

13 tanδ Dielectric Loss Factor 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001

14 ε Insulation Relative Permitivity 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5

15 C Cable Capacitance [µF/km] 0.241 0.241 0.241 0.241 0.241 0.241 0.241 0.241 0.241 0.241 0.241 0.241

16 U Voltage [kV] 288.67513 288.67513 288.67513 288.67513 288.67513 288.67513 288.67513 288.67513 288.67513 288.67513 288.67513 288.67513

17 Wd Cable Dielectric Losses Per Phase [W/m] 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092 6.30092

18 ƛ'sa Circulating Loss Factor 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

19 ƛ' Screen Loss Factor Caused by Circulating Current 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

20 Rs AC Resistance used for Eddy Loss Factor computation [Ω/km] 0.01421 0.01422 0.01423 0.016 0.01627 0.01634 0.0141 0.01415 0.01418 0.01634 0.01627 0.016

21 d Mean diameter used for Eddy Loss Factor computation [mm] 136.99999 136.99999 136.99999 136.99999 136.99999 136.99999 136.99999 136.99999 136.99999 136.99999 136.99999 136.99999

22 ρs Electrical Resistivity used for Eddy Loss Factor computation [Ω.m] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

23 Ds External diameter used for Eddy Loss Factor computation [mm] 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999

24 ts Thickness used for Eddy Loss Factor computation [mm] 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

25 β Coefficient used in IEC 60287-1-1 Clause 2.3.6.1 146.70617 146.61851 146.58454 138.22369 137.07308 136.77956 147.27085 146.99067 146.82399 136.78122 137.08328 138.24943

26 gs Coefficient used in IEC 60287-1-1 Clause 2.3.6.1 1.02362 1.0236 1.0236 1.02214 1.02194 1.02189 1.02372 1.02367 1.02364 1.02189 1.02194 1.02214

28 m Coefficient used in IEC 60287-1-1 Clause 2.3.6.1 2.21146 2.20882 2.20779 1.96312 1.93057 1.92231 2.22851 2.22004 2.21501 1.92236 1.93086 1.96385

29 ƛ Coefficient used in IEC 60287-1-1 Clause 2.3.6.1 0.00584 0.02336 0.00584 0.00559 0.0222 0.00554 0.00586 0.0234 0.00585 0.00554 0.0222 0.00559

30 Δ Coefficient used in IEC 60287-1-1 Clause 2.3.6.1 -0.00015 0.00038 0.01489 -0.00031 0.00071 0.01528 -0.00014 0.00037 0.01488 -0.00034 0.00071 0.01523

31 Δ Coefficient used in IEC 60287-1-1 Clause 2.3.6.1 0.00022 0.0 0.0 0.00027 0.0 0.0 0.00021 0.0 0.0 0.00028 0.0 0.0

32 F Milliken conductor Effect 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

33 Fpipe Magnetic effect factor due to pipe 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

34 Farmour Magnetic effect factor due to armour 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

35 ƛ'' Screen Loss Factor Caused by Eddy Current 0.01461 0.0434 0.01474 0.01306 0.04021 0.01301 0.01469 0.04346 0.01477 0.01287 0.04021 0.0132

36 ƛ Screen Loss Factor 0.01461 0.0434 0.01474 0.01306 0.04021 0.01301 0.01469 0.04346 0.01477 0.01287 0.04021 0.0132

37 ƛ a Armour Loss Factor 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

38 ƛ pipe Pipe Loss Factor 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

40 ƛ Armour Loss Factor + Pipe Loss Factor 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

41 T Thermal Resistance Between Conductor and Screen [K.m/W] 0.4204 0.4204 0.4204 0.4204 0.4204 0.4204 0.4204 0.4204 0.4204 0.4204 0.4204 0.4204

42 t Insulation Thickness Between Conductor and Screen [mm] 35.49999 35.49999 35.49999 35.49999 35.49999 35.49999 35.49999 35.49999 35.49999 35.49999 35.49999 35.49999

43 ρTi Thermal Resistivity of Insulation [K.m/W] 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5

44 T Thermal Resistance of Jacket/Pipe Coating [K.m/W] 0.0567 0.0567 0.0567 0.0567 0.0567 0.0567 0.0567 0.0567 0.0567 0.0567 0.0567 0.0567

45 t Thickness of Jacket/Pipe Coating [mm] 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5

46 ρTJ Thermal Resistivity of Jacket/Pipe Coating [K.m/W] 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5

47 Thermal resistance [K.m/W] 0.08207 0.08207 0.08207 0.08207 0.08207 0.08207 0.08207 0.08207

48 Thermal resistance equation

49 Thermal resistivity [K.m/W] 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5

50 Layer thickness [mm] 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0

51 Internal diameter [mm] 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0

52 Thermal resistance [K.m/W] 0.32146 0.32146 0.32146 0.32146 0.32146 0.32146 0.32146 0.32146

53 Thermal resistance equation

54 Thermal resistivity [K.m/W] 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5

55 Layer thickness [mm] 28.5 28.5 28.5 28.5 28.5 28.5 28.5 28.5 28.5 28.5 28.5 28.5

56 Internal diameter [mm] 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0

57 Thermal resistance [K.m/W] 0.01688 0.01688 0.01688 0.01688 0.01688 0.01688 0.01688 0.01688

58 Thermal resistance equation

59 Thermal resistivity [K.m/W] 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5

60 Layer thickness [mm] 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0

61 Internal diameter [mm] 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0

62 Thermal resistance [K.m/W] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

63 Thermal resistance equation

64 Thermal resistivity [K.m/W] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

65 Layer thickness [mm] 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

66 Internal diameter [mm] 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999

67 Thermal resistance [K.m/W] 0.0567 0.0567 0.0567 0.0567 0.0567 0.0567 0.0567 0.0567

68 Thermal resistance equation

69 Thermal resistivity [K.m/W] 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5

70 Layer thickness [mm] 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5

71 Internal diameter [mm] 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999

72 U Constant from IEC6028721 clause4272  1.87 1.87 1.87 1.87 1.87 1.87 1.87 1.87 1.87 1.87 1.87 1.87

73 V Constant from IEC6028721 clause4272  0.312 0.312 0.312 0.312 0.312 0.312 0.312 0.312 0.312 0.312 0.312 0.312

74 Y Constant from IEC6028721 clause4272  0.0037 0.0037 0.0037 0.0037 0.0037 0.0037 0.0037 0.0037 0.0037 0.0037 0.0037 0.0037

75 θm Mean temperature of the medium in conduit [°C] 35.1518 35.47741 35.60373 65.25311 70.32101 71.78031 33.0682 34.0991 34.71511 71.77059 70.27173 65.13522

76 Deq Equivalent diameter of the cables inside the conduit [mm] 154.99999 154.99999 154.99999 154.99999 154.99999 154.99999 154.99999 154.99999 154.99999 154.99999 154.99999 154.99999

77 T ' Thermal resistance of the medium in conduit [K.m/W] 0.23816 0.23759 0.23737 0.19523 0.18948 0.18789 0.24184 0.24 0.23892 0.1879 0.18954 0.19537

78 Do Outer diameter of the conduit [mm] 260.0 260.0 260.0 260.0 260.0 260.0 260.0 260.0 260.0 260.0 260.0 260.0

79 Di Inner diameter of the conduit [mm] 240.0 240.0 240.0 240.0 240.0 240.0 240.0 240.0 240.0 240.0 240.0 240.0

80 ρT Thermal resistivity of the conduit material [K.m/W] 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0

81 T '' Thermal resistance of the conduit [K.m/W] 0.07644 0.07644 0.07644 0.07644 0.07644 0.07644 0.07644 0.07644 0.07644 0.07644 0.07644 0.07644

82 L Depth of cable/conduit axis [m] 1.1588 1.1588 1.1588 1.1588 1.1588 1.1588 1.1588 1.1588 1.1588 1.1588 1.1588 1.1588

83 De External diameter of the cable conduit [m] 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26

84 u Geometric factor as per IEC60287-2-1 clause 4.2.2  8.91385 8.91385 8.91385 8.91385 8.91385 8.91385 8.91385 8.91385 8.91385 8.91385 8.91385 8.91385

85 ρTs Thermal resistivity of the soil [K.m/W] 1.14281 1.15003 1.21311 1.2131 1.14995 1.14269 1.22215 1.15402 1.14394 1.1439 1.15404 1.22171

86 T '''self Thermal resistance of the cable isolated [K.m/W] 0.52339 0.5267 0.55559 0.55558 0.52666 0.52333 0.55972 0.52852 0.5239 0.52389 0.52853 0.55952

87 T

₄

'''mutual Thermal resistance associated to the temperature rise due to surrounding heat sources [K.m/W] 0.89218 0.94079 0.93201 0.45299 0.59092 0.66188 0.52339 0.71912 0.82204 0.66053 0.58714 0.44521

88 Δθint Temperature rise due to surrounding heat sources [°C] 5.62154 5.92786 5.8725 15.41652 20.77858 22.83883 3.29785 4.53111 5.17961 22.80124 20.65429 15.15766

89 T ''' Thermal resistance of the external medium [K.m/W] 1.41556 1.46749 1.48759 1.00857 1.11758 1.18521 1.08312 1.24764 1.34594 1.18442 1.11567 1.00473

90 Thermal capacitance [J/m.K] 8625.0 8625.0 8625.0 8625.0 8625.0 8625.0 8625.0 8625.0

91 Thermal capacitance equation

92 Material surface [mm²] 2500.0 2500.0 2500.0 2500.0 2500.0 2500.0 2500.0 2500.0 2500.0 2500.0 2500.0 2500.0

93 Volumetric specific heat of the material [J/(K*m³)] 3450000.0 3450000.0 3450000.0 3450000.0 3450000.0 3450000.0 3450000.0 3450000.0 3450000.0 3450000.0 3450000.0 3450000.0

94 Thermal capacitance [J/m.K] 2563.53931 2563.53931 2563.53931 2563.53931 2563.53931 2563.53931 2563.53931 2563.53931

95 Thermal capacitance equation

96 External diameter [mm] 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0

97 Internal diameter [mm] 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0

98 Volumetric specific heat of the material [J/(K*m³)] 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0

99 Thermal capacitance [J/m.K] 7843.2996 7843.2996 7843.2996 7843.2996 7843.2996 7843.2996 7843.2996 7843.2996

100 Thermal capacitance equation

101 External diameter [mm] 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0

102 Internal diameter [mm] 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0

103 Volumetric specific heat of the material [J/(K*m³)] 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0

104 Thermal capacitance [J/m.K] 13967.51952 13967.51952 13967.51952 13967.51952 13967.51952 13967.51952 13967.51952 13967.51952
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105 Thermal capacitance equation

106 External diameter [mm] 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0

107 Internal diameter [mm] 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0 73.0

108 Volumetric specific heat of the material [J/(K*m³)] 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0

109 Thermal capacitance [J/m.K] 1990.5096 1990.5096 1990.5096 1990.5096 1990.5096 1990.5096 1990.5096 1990.5096

110 Thermal capacitance equation

111 External diameter [mm] 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999

112 Internal diameter [mm] 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0

113 Volumetric specific heat of the material [J/(K*m³)] 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0

114 Thermal capacitance [J/m.K] 4454.61885 4454.61885 4454.61885 4454.61885 4454.61885 4454.61885 4454.61885 4454.61885

115 Thermal capacitance equation

116 External diameter [mm] 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999

117 Internal diameter [mm] 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999 133.99999

118 Volumetric specific heat of the material [J/(K*m³)] 3450000.0 3450000.0 3450000.0 3450000.0 3450000.0 3450000.0 3450000.0 3450000.0 3450000.0 3450000.0 3450000.0 3450000.0

119 Thermal capacitance [J/m.K] 8340.92803 8340.92803 8340.92803 8340.92803 8340.92803 8340.92803 8340.92803 8340.92803

120 Thermal capacitance equation

121 External diameter [mm] 154.99999 154.99999 154.99999 154.99999 154.99999 154.99999 154.99999 154.99999 154.99999 154.99999 154.99999 154.99999

122 Internal diameter [mm] 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999 139.99999

123 Volumetric specific heat of the material [J/(K*m³)] 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0 2400000.0

124 T Total external thermal resistance [K.m/W] 1.7 1.8 1.8 1.3 1.4 1.4 1.4 1.6 1.7 1.4 1.4 1.3

125 I Cable core ampacity [A] 1.0 1.0 1.0 1653.16742 1653.16742 1653.16742 1.0 1.0 1.0 1653.66944 1653.66944 1653.66944
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