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Abstract:

The high voltage direct current (HVDC) using submarine power cables is the optimal solution that
carries out the offshore wind source into onshore power systems because of its advantages such as
greater stability and less power loss than the high voltage alternating current (HVAC). Currently,
there are no guide standards for calculating the ampacity of HVDC submarine power cables
according to installation conditions subsea regard to topography, geology, temperature difference
...etc in the world, the factors that affect to continued rating current of HVDC submarine power
cables. The paper analyses the influence of installation conditions on the ampacity of HVDC
submarine cables by using CYMCAP software. The simulation results indicate the influence of
installation conditions on the ampacity of HVDC submarine cables in different scenarios and
applications for HVDC submarine projects in the future.
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Tém tit:

Cap ngam dudi bién mét chiéu cao ap (HVDC) la mét Iua chon dé€ két ndi va truyén tai cac ngudn
dién gié ngoai khai vao hé théng dién chinh trong dat lién vi vu diém nhu cd tinh 6n dinh cao ciing
nhu mUrc ton that thap so vdi hé théng truyén tai xoay chidu (HVAC). Nhung hién nay thé gidi van
chua c6 tiéu chuan huéng dan tinh todn khd ning mang tai clia cdp ngdm HVDC vugt bién theo céc
diéu kién 13p d&t khac nhau vé mét dia hinh, dia chat day bién, chénh léch nhiét do... Nhitng yéu t6
nay ¢ anh hudng truc tiép, lam thay d6i kha ndng mang tai cia cap ngdm HVDC. Bai bdo nay da si
dung phan mém CYMCAP dé mé phdng anh hudng cla cac diéu kién 13p dat cap theo nhiét do, do
sdu va khoang cach gilta cac soi cap cd anh hudng dén kha ndng mang tai cla cap ngam bién
HVDC. Céc k&t qua md phdng trong cac kich ban da cho thay anh hudng dang ké cla diéu kién 13p
dt dén kha ndng mang tai cia cap ngdm bién HVDC va cd thé (ng dung cho thuc t& chon cap
HVDC vugt bién cho céc du &n quan trong trong tuong lai.
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T khoa:

Cap HVDC (HVDC cable), cap ngadm bién (Submarine power cable), kha n&ng mang tai (Ampacity),

CYMCAP.

1. INTRODUCTION

HVDC is one of the most efficient
solutions that carry out the offshore wind
energy source into onshore power
systems. However, it’s a challenge that
determines the ampacity of submarine
power cables in relatively different
complex installation conditions of HYDC
projects. Currently, the technical standard
organizations still have no issued guide
standards for calculating the ampacity of
submarine  power  cables.  Heiner
Brakelmann and his partner proposed a
method to calculate the ampacity of
HVDC power cables [2] by rejecting the
part’s independence frequency from
calculating the ampacity of HVAC power
cables. Boda Zhou and his partner [4]
proposed a method to simulate and
optimize the ampacity of submarine
power cables by a finite method using
COMSOL MULTIPHYSICS software
and Redy Mardiana’s researchers
analyzed factors that affect the ampacity
of HVDC submarine power cables in
different simulation scenarios.

In this paper, the researchers used
CYMCAP software that simulates the
ampacity of HVDC submarine power
cables installed under the seabed in
different installation conditions.

calculations for power cable installations,
especially underground power cables, and
submarine power cables. The software
was developed by CYME T&D
International and widely applied in
consulting projects related to power cable
installations in the world. CYMCAP
Software is fully compliant with the
standards such as IEC, Neher-Mcgrath,
Cigre...etc. It allows for building and
configuring the detailed construction of
power cables according to specifications
from manufacturers such as diameter,
thickness, and thermal resistivity of
different materials layers for each distinct
voltage level. It enables engineers and
designers to model and quickly simulate
installation conditions of power cables
based on actual conditions such as
depth, ambient temperature, soil thermal
resistivity, and load factor according to
various cable installation conditions
such as directly buried, duct banks,
underground ducts, in air, Immersed in
water or on the seabed.

The paper is divided into 5 parts: Part 1
introduces the topic, part 2 indicates a
method of calculating the ampacity of
submarine power cables by rejecting the
part’s independent frequency from
calculating the ampacity of AC cables [1],

[2]; It performed to simulate the
CYMCAP software is dedicated to continued rating current of HVDC
performing ampacity and temperature rise  submarine  power  cables HVDC
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+320kV/2000mm? in the installation
conditions extracted in [1]; the influence
of installation conditions on the ampacity
of HVDC submarine power cables which
is analyzed in part 4. The final part is the
conclusions.

2. THE METHOD FOR CALCULATING
THE AMPACITY OF VDC SUBMARINE
POWER CABLES

In [3], the ampacity of HVAC power
cables is presented in formula (1):

-

where:

AO—-W 4[0.5T1 +n(Tp+T3+T4)]
RacT1+NRAc(14A)To+nRac(1+2A1+A2)(T3+Ty)

1)

AB: Temperature between Conductor
ambient temperature (°C);

(ISSN: 1859 - 4557)

W,: Dielectric losses;
R: AC resistance of conductor;

T,: Thermal resistance between conductor
and shield of insulator (W/m.k);

T,: Thermal resistance between
shield and armor of cable (W/m.k);

T5: Thermal resistance of outer covering
(W/m.K);

T,: External thermal resistance (W/m.k);

lead

A;: Loss factor for sheath,;

A, Loss factor for armor;

n: Number of the conductor in the cable.
In [2] indicated a method for calculating
the ampacity of HVDC submarine cables
by rejecting the part’s independence
frequency which is shown in Figure 1.

— Conductor effectiveness DC conductor resistance DC conductor maximum resi: .
resistance at maximum allowable temperature | at 20 °C R = Rol1 +az(6 - 20)] -
c ) 10 Applicable
onductor resistance temperature R =
coefficient at 20 °C 075X AXY
Skin effect coefficient Xs* PO 27
= — 7
Proximity effect coefficient * - 102+ 08Ks® *° [ 10 ks
Xp* (d'c)2 8nf
Yp=——m———[—] Xp?=—-x10"7xk
PEl02408xKpt\s) P TR XX
Dielectric loss Permittivity
-[ Insulation external diameter Wd = wCU2tand @ == 120m Non-
Conductor extemnal diameter Applicable
Loss rate for sheath Circulating loss rate b (Bits)* 4nf
1"==|gs X Ae(1 48, +8,) + == g =
and screen —[ Eddy current loss rate ] R RO s 107ps
Thermal resistance Insulation
L calculation ‘[ Outer sheath
Surroundings (draw-in conduit system) Radiat_iou of outer sh_cath » 2t App[icab]e
Duct line thermal resistance  T1 = =L x In (1 + —1)
Soil thermal resistance 2n de
Fig 1. AC allowable calculation factor
In Figure 1, the part’s independence  presented in formula (2).
frequency such as A;,4,, and W, in =
- _ —_ 2
formula (1) by setting up f = 0 leads to \/ ol oy Rt Ts) )

the factors that are rejected equal 0. The
formula which calculates the ampacity of
HVDC submarine power cables is

Today, there are no guide standards for
calculating the ampacity of HVDC
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submarine power cables in different
installation conditions, formula (2) has
been considered the basic formula for this
work.

The factors that affect the ampacity of
HVDC submarine power cables which
has been determined as below:

2.1. Determination of Temperature
gradient between conductor and
ambient temperature A8

One of the most important factors that
directly affect to the ampacity of HVDC
submarine power cables is the maximum
allowable temperature of the conductor
and ambient temperature. A6 s
determined in formula (3).

AG =6 — eamb [OC] (3)
where:

AB: Temperature gradient between
conductor and ambient temperture (°C);

6: Maximum allowable temperature of the
conductor (°C);

0 4mp: Ambient temperature (°C).

2.2. Determination Of DC Resistance
Rpc

DC Resistance depends on temperature

and material, so DC Resistance is
determined in formula (4).

Rpc = Rol1 + a30(6 — 20)] [Q/m] (4)
where:

R,: DC Resistance of conductor at 20°C
(Q/m);

a,o: Conductor temperature coefficient at
20°C at Kelvin [1/K].

2.3. Determination of Thermal

Resistance T,

Thermal resistance T; of the cable
insulator is determined by the material of
the insulator and the inner and outer
semiconductor layers. Although the
electrical characteristics inside the cable
are different, in terms of allowable
current, it is determined by the unit
thermal resistance.

In the IEC 60287-2-1 standard, 3.5
Km/W for XLPE (Cross Link
Polyethylene) and 6 K.m/W for MI_PPLP
(polypropylene laminated paper)
insulation materials are applied as thermal
resistance values for each insulation
material. In general, Polyethylene based
materials are used for inner and outer
semiconductor layers. If the material of
the insulator cable is XLPE, the thermal
resistances of the inner and outer
semiconductor layers and the insulator are
the same. In [1,3,7], it presents formula
(5) that determines T; of HVDC
submarine power cables.

T, = Tl_wb_con + Tl_csc + Tl_i + Tl_isc +
Tl_wb_ins (K- m/ W) (5)
where:

Ti wb_con: Thermal resistance of semi-
conductive water blocking tape over
conductor (K.m/W);

Thermal resistance of semi-

Tl_csc:

88
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conductive conductor screen (K.m/W);

T, ;: Thermal resistance of insulation
(Km/W);

T; isc:  Thermal resistance of semi-
conductive insulation screen (K.m/W);

T: wb.ins: Thermal resistance of semi-
conductive water blocking tape under the
wire screen (K.m/W).

2.4, Determination of Thermal

Resistance T,

There are semi-conductive waterproof
tape and an air gap between the insulator
and the metal sheath. The IEC 60287
standard does not consider these
waterproof tape and air gap, because they
have a smaller thickness than other
structures and have lesser effects on the
ampacity of HVDC submarine power
cables. However, this increase in thermal
resistance will affect the calculation of the
ampacity of HVDC submarine power
cables. it is determined in formula (6)
[1,3,7].

Ty =Ty scpe + Tog gep + T2, tape [W/m.K]
(6)
where:

T, sc: Thermal resistance of sc metal
sheath (K.m/W);

T,..gep: Thermal resistance of sc bedding
(K.m/W);

(ISSN: 1859 - 4557)

2.5. Determination of Thermal

Resistance T,

T; is the thermal resistance of the outer
serving of HVDC submarine power
cables that calculate in formula (7)

[1,3,7].

T, =221n (#) [K. m/W] @)
rm.2

Where:

Darm 20 external diameter of second

armor layer (mm);
D, : outer diameter of the cable (mm);

Ppp- Thermal resistivity of PP-yarn
(K.m/W).
2.6. Determination of Thermal

Resistance T,

T, dependence on the surrounding
environment of cables such as the thermal
resistivity of the soil, the distance
between cables, the distance from the
surface of the ground to the cable axis,
and the external diameter of one cable. It
is calculated by formulas (8) and (9)
[1,3,7].

= ®)
T, = %pT [ln(u +Vuz—-1)+
in [1 + (i—L)Z” [K.m/W] )
where:

D.: External diameter of one cable (mm);

L: Distance from the surface of the
ground to the cable axis (mm);

T, ytape : Thermal resistance of plastic 5. Thermal resistivity of the soil
nylon tape (K.m/W); (K.m/W);
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s,: Distance between cables (mm).

2. SIMULATION OF AMPACITY OF
HVDC SUBMARINE POWER CABLES

IN DIFFERENT
CONDITIONS

To perform

INSTALLATION

the calculation of the

ampacity of HVDC submarine power
cables based on formula (2), they can
consider the construction of cables. [1]
shown data sheet of HVDC cables
+320 kV/2000 mm? and presented in
Table 1. The researchers built this cable
model and presented it in Figure 2.

Table 1. Cable data sheet 320kV HVDC 2000mm? CU/XLPE/PB/SCPE/SWA/PP,

outer diameter is 123.4mm

Element Construction Th(ir?]kmn;z 53 OUteE rﬁ:ﬁ?em
Conductor \Ijvrg[l;irleslgszger, longitudinal i 516
Conductor tape Semi-conductive - 52.9
Conductor screen Semi-conductive PE 2.0 -
Insulation XLPE 16.0 -
Insulation screen Semi-conductive 15 -
Semi conductive tap Semi- conductive PE 93.5
Lead sheath Lead alloy 2.3 -
Protection sheath Semi- conductive PE 3.1 -
Armor bedding Semi-conductive bedding 104.6

Steel wires Galvanized steel + bitumen 25 -
Plastic nylon tape - - 110.4
Steel wires Galvanized steel + bitumen 25 -
Outer serving PP yarn + bitumen 4.0 -

Fig 2. HVDC submarine power cable £320
kV/2000 mm?

This document [1] listed the surrounding
environment of cables below.

Cables are directly buried under the
seabed,;

Thermal resistivity of the soil: 0.8K.m/W;
Temperature of soil: 15°C;

Burial depth: 1m;

Distance between two cables: 2000 mm;

Maximum allowable
conductor: 70°C.

temperature  of

90
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Based on the HVDC submarine power
cables model presented in figure 1 and the
method introduced in [2]. The simulation
result of the ampacity of HVDC
submarine power cables is shown in
Figure 3 and Table 2.

The ampacity of HYDC submarine power
cable +320kV/2000mm? is 2311A that is
same the result of document [1]

Fig 3. The simulation result of the ampacity of
HVDC submarine power cable +320kV/2000mm?

Table 2. prepare between the simulation result
and the result of the document [1]

The document
construction of the HVDC submarine

(ISSN: 1859 - 4557) I

environment temperature, Burial depth,
the distance between two cables, and
thermal resistivity of the soil in supposed
scenarios that is listed in the document

[5].
[5] indicate detailed

power cable £500 kV that is presented in
Figure 4 and Table 3.

[ D R T T
0NN N B W~

Fig 4. HVDC submarine power cable
+500kV/2500mm?

The simulation The result of Error
result [A] document [1] [A] [%]
2311 2311,0958805122 0

Table 3. Cable data sheet HVYDC +500kV
2500mm?/193.8mm

Based on Table 2, the result between the
simulation result and the result of the
document [1] is similar. However, the
actual error is less than 5% (Maximum
permissible limit) so this method is highly
reliable.

2. ANALYSE INFLUENCE
OF DIFFERENT INSTALLATION
CONDITIONS ON THE AMPACITY OF
HVDC SUBMARINE POWER CABLES

THE

In this part, researchers simulated the
ampacity of the HVDC submarine power
cable £500kV presented in the document
[4] and analyzed the factors such as

S6 31

thickness Outer

Construction diameter

(mm)
(mm)
Conductor - 65.1
Conductor shield 2.5 70.1
Insulation XLPE 31 132.1
Insulation shield 15 135.1
Water blocking 2%1.0 138.1
buffer
Metal sheath 4.6 147.3
MDPE sheath 45 156.3
Inner lining layer 2.0 160.3
Optical fiber cables 6.0 172.3
Cable filling layer 6.0 -
91
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thickness Outer

Construction diameter

(mm)
(mm)
Alloy wire 6.0 -

Package belt 2x0.3 173.8
Armoured layer 6.0 185.8
Outer ply 4.0 193.8

This HVDC cable +500kV model is
simulated based on data in Table 3 by
CYMCAP software which is shown in
Figure 5.

The cables are installed in Figure 6 [5],
and the installation conditions are listed in
the document [5]:

Ambient temperature: 30°C;

Thermal resistivity of the soil: 1.2 K.m/W

Maximum allowable temperature of
conductor: 70°C.

€

e Cab}e

S

Fig 6. Installation of two poles HVDC+500kV
2500mm? under the seafloor

Because the structure under the seabed is
complex the installation of cables affects
the ampacity of HVDC submarine power
cables. The supposed scenarios include 04
different scenarios.

4.1. SCENARIO 1

HVDC submarine power cables are
buried at a depth of 1m from the seabed,
the distance between the two cables is 2m
and the ambient temperature changes
from 6-30°C.

The influence of ambient temperature on
the ampacity of HVDC submarine power
cables which show in Figure 7.

The influence of ambient temperature on the

ampacity of HVDC submarine power cables
5000

——
2790 2656 2515 2365 3505

Ampacity(A)

6 12 18 24
Ambient temperature(°C)
®—The ampacity of HVDC...

Fig 7. The Influence of ambient temperature
on the ampacity of HYDC submarine power
cables +500kV 2500mm®
The ambient temperature directly affects
the ampacity of HVDC submarine power
cables. Figure 7 indicates when the
ambient temperature changes from 6-30°C
(the weather under the seabed), the
ampacity of these cables will decrease
from 2790A to 2205A (20.96%). So, the
ambient temperature under the seabed
must be considered in calculating the
ampacity of HVDC submarine power

cables.

92
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4.2. SCENARIO 2

The ambient temperature and the distance
between the two cables are like scenario
1. The buried depth changed from 1m to
5m. The result is presented in Figure 8.

The influence of buried depth on the ampacity
of HVDC submarine power cables
33000
2000 S 1§73
a
£
1000
1 2 3 4 5
Buried depth (m)
=0=Ampacity of HYDC submarine...

Figure 8. The Influence of buried depth
on the ampacity of HVDC submarine power
cables +500kV 2500mm?®

When the buried depth changed from 1 to
5m, the ampacity of HVDC submarine
power cables could be about 15% less
than the case of these cables being buried
at 1m.

4.3. SCENARIO 3

The ambient temperature and the buried
depth are maintained and the performing
distance is changed between the two
cables from 1m to 5m, the result is
presented in Figure 9.

The influence of the distance between two

cables on the ampacity of HVDC submarine
g% power cables 523022412247
s 203 141 ¢alh 20 g2Z
‘c 2000
©
Q
IS
<C 1500

0.5 1 2 ? 5
_ Distance (m .
== Ampacity of HVDC submarine...

(ISSN: 1859 - 4557)

When their distance is increased from 0.5
to 1m, the ampacity of these cables
changed from 2063A to 2141A (increase
78A), and this distance is 5m, the
ampacity of these cables is 2247A
(increase 184A).

4.4. SCENARIO 4

These cables are buried at a depth of 1m
from the seabed; this distance is 2m, and
the ambient temperature is 30°C and
performing the change in the thermal
resistivity of soil from 0.8 to 1.2 K.m/W.

Marine geology consists of many
different types of material layers, the
activities of volcanic craters, or some
natural phenomena affecting the geology
of the seabed. Therefore, the
determination of the thermal resistivity of
the seabed environment is complicated
and the cost of the survey is high. The
thermal resistivity value of the seabed
directly affects the heat dissipation
capacity and changes the ampacity of
HVDC submarine power cables, which is
shown in Figure 10.

The influence of the thermal resistivity of soils
on the ampacity of HVDC submarine power

22500 cables

- 2205 2146

52000 02010 1993195
o

€

<1500

0.8 0.9 1 11 12 13

Resistivity of soils (K.m/W)

=0==Ampacity of HVDC submarine...

Fig 9. The fluence of the distance between two
cables on the ampacity of HVYDC submarine
power cable £500kV 2500 mm?>

Figure 10. The fluence of the thermal resistivity
of soils on the ampacity of HVYDC submarine
power cable £500kV 2500mm?>

S6 31
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Table 4. Thermal resistivity of the soils

Th_er_mgl Th_er_m_al
. resistivity | resistivity
Soil (Dry) (Wet)
(K.em/W) | (K.cm/W)
Well graded gravel 40 120
Poogz71 \%i\ded 45 190
Silty gravel 50 140
Caly gravel 55 150
Well graded sand 40 130
Uniform sand 45 300
Silty sand 55 170
Clay sand 60 180
Slit 65 240
Silty clay 70 210
Organic slit 90 350
Micaceous slit 75 300
Clay 85 270
Soft organic clay 110 400
Silty peat 150 >600

Figure 10 indicated the ampacity of these
cables decreased from 2205A to 1948A
when the thermal resistivity increased
from 0.8 to 1.3 K.m/W. Table 4 shows the
thermal resistivity value of many soil

types [6].
5. CONCLUSION
The paper used the method that rejects

frequency-dependent components [1] and
it is performed to simulate the ampacity
of HVDC submarine power cables by
CYMCAP software. The simulation
results are similar as shown in reference
[1]. Researchers also analyzed the fluence
of installation conditions on the ampacity
of HVDC submarine power cables in
4  proposed scenarios. When the
temperature changes from 6°C to 30°C,
the load-carrying capacity of the cable
tends to decrease from 2790A to 2250A;
In response to the change of the cable
burial from 1m to 5m, the load-carrying
capacity of the cable decreases from
2205A to 1873A; The distance between 2
HVDC submarine cables from 1 to
5m reduces the temperature mutuality
between the two cables and leads to the
load carrying capacity of the submarine
cable increases from 2063A to 2247A and
the difference between the resistivity of
the material layer around the cable from
0.8K.m/W to 1.3K.m/W makes the load
carrying capacity of the cable decreases
from 2205A to 1948A. The results
provide the basis for application in the
selection of an HVDC submarine cable
cross-section suitable for future HVDC
transmission works across the sea in
Vietnam while offshore wind projects are
coming.
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