Caspoc, A simulation Experience

Combi-Cable in DC-netten

dr ir P.J.van Duijsen

=1

Learning by Simulation

Simulation Research
The Netherlands

© Simulation Research



REC

Welke Netten: MVDC Caspoc "'

A simulation Experience

[
MVDC I=-107633 A | I=1.40% A I=1.407 A I=1.405 A I=1.403 A I=1.402% A I=1.40Tk A I=1.400k A | 1=107.801 A
- | 7 = = = = = = = T =

o

I=-1.682m A

v

|
|
|
| 1=-107.801 A
|
| |

1-107.833A | I=1409 A |=140%A  |=1405¢A  |=1403A  1=-1402A  1=1401kA |- 1.400k A | 1-q07.750
— = 7 = E e =] = e =] —i“ﬁ

—=. .

=

|

|

| |=215551 A
| o
|

|

1=-1.631m A

——
[

I=1D7.633ﬂ| I=1.409 A I=1.407c A I=1.405c A I=1.403c A I=1.402 A I=1.401k A I= 1.400k A | |=107.650
EE— g — = 3 e =] = e =] 2
P 4a P P p P |

5

1=-10.001 e s s s s s I e s s s s s
LI. } _\-i

= AR
L

.|||}|_(r>
|
sy
o

1 WWW.caspoc.com © Simulation Research



Welke Netten: LVDC

Caspoc

A simulation Experience

I——

i i s s s s s e
|
1=-107633 A I= 1405 A =1. =1. I=1.403k A I=1.402 A I=1.401k A I 1.400k A |=107.801 A
me [ o ' R | i i o ol ol o | Ea— .
0o
|
| [E]E] oo oo oo oo oo |
| =I§ =I5 =1 =I5 =Ii =I5 |
: | 1=-107.801 A
I1=-1.682m A | I 1
T | |
=107 633 A | I=1.40% A I 1407 A I 1405 A I 1403k A I 1402 A I 1401k A = 1-I-DI]cAI |=107.750
—a “ﬂ—-z s | &
L | |
o c, : : DD DD DD DD DD DD |
| |
1=1.631m A | I 1=215551 A
¢ | ——— | | o
s | |
. Iy |
i i =) AT =107 633 A | I=1.409% A I 1407 A I 1405 A I 1403k A I 1402 A I 1401k A I 140[!{!\' |=107.650
T| Torque - 3 =
itcl I II = I I
CD |
| DD DD DD DD DD DD
B e e et e ag T  —ae i
1=-10.001u
. 0C |- :
¥ I=323201 A =3232001 A =323201 A  1=323201A |=323201A |=323201A |=323201A |=3232001A |=323201A [=323201A |=323.201
CD bl 5 o AC
T Torque
En . = DC/DC
[ o

WWw.caspoc.com

© Simulation Research



El—‘(—;—~] o

Welke Netten: Straatverlichting Caspoc

A simulation Experience

3 WWW.caspoc.com © Simulation Research



Cable Design tool

% Caspoc Simulation & Animati
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Power Systems

POWER CABLES
sector-shaped
Core

bl @ Product detail - TKF (Twents

@® caspoc.com/tools/powersystems/cable/sectorshaped/

| Power Electranics | \ Pawer Systems | Help
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A smulation Experience

L T} C\ Zoeken

Tools > Povrer Systems— Povser Cables—Sector-shaped Core copy link

30m -
24m -
ds 18m -
12m -
Cable geometry
Number of sectors ns 4 [ Ll
Back radius b 16.4 [mm]
Insulatio.n thickness . i g [rm] g
(Leave 0 if ws and ds are specified)
Sector depth ds AT [mm] _&m —
Sector width ws 15.9 [mm]
Corner radius reducing depth red 3 [mim] B
Corner radius reducing vidth rowr 3.5 [mm]
Sheath diameter dsh 47.5 [mm] A=
Sheath vrire diameter dshw 1.15 [mm]
Number of sheath vrires ) ik W Ll i
(Leave 0 to auto calc fram heath diameter)
Cable diameter dc 52.7 [rmm]
Inner sheath isolation thickness tis 1.4 [mm] ‘3ﬂr'13'6m 72}4"‘ b ém 71ém —érn 6 6;'11 1ém 1ém 2im 30Im
Auxiliary conductors
i ) H S L 21 Arsctar £ £ >
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A simulation Experience

Calculate LCR

Nominal conductor diameter d 13.4 [mm]
Nominal conductor cross section nccs 140.935 [mm?]
Geometric Mean Radius GMR 5.6 [mm]
Geometric Mean Diameter GMD 14.2 [mm]
Sector height ds 12.6 [mm]
Sector width W5 16.1 [mm]
Conductor Resistance

Resistance copper wire Rey 126.5 [mfl/km]
Resistance MAuminium wire Ra 200.2 [mdd/km]
Conductor Inductance

Self-Inductance Le 1037.4 [pH/km]
Mutual-Inductance Lm 851.3 [pH/km]
Mutual-Inductance diagonal Lm2, 781.8 [uH/km]
Cable-Inductance(Given in datasheet) Leabie 186.3 [pH/km]
Impedance 1. 58.516 [mOhm/km]
Conductor Capacitance

Capacitance conductor-conductor Crm 97.4 [nF/km]
Capacitance conductor-sheath Co 150.2 [nF/km]
Effective Capacity to Neutral(Given in datasheet) Cror 283 [nF/km]
Sheath Resistance

Resistance sheath Rsheath 357.7 [mid/km]
Sheath Inductance

Self-Inductance Lsh 932.8 [uH/km]
Mutual-Inductance Conductor-Sheath Lmgh 748 [uH/km]
Auliary Conductor

Resistance copper wire Ratxgy 2972.5 [mfd/km]
Seif-Inductance auxiiary Lawx 1366.8 [pH/km]
Mutual-Inductance auxiliary-core Lmgyp; 887.5 [pH/km]
Mutual-Inductance aux-aux Mo 138.6 [uH/km]
Aux-core Capacitance e 66.118 [nF/km]
Mux-sheath Capacitance Caus sheath 78.518 [nF/km]
Coupling factors

Coupling Core-Care Kee 0.82

Coupling Core-Core diagonal Kee 0.7 |8
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A simulation Experience

Inductance
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Capacitance
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NOTET
CD core naar sheath

Cm//Cx core naar naastgelsgen core naar sheath
waarbij Cx = C0+ Cm//CD capacitiet van de daamaast gelegen core naar sheath
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Change load from 5kw to 30kw
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= More ripple on virtual neutral
= Higher ripple voltage on the auxilairy cores
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ple on RMS input/output voltage
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Ripple on Auxilairy core
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A simulation Experience

Change auxilairy core connection
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Voltage Auxilairy core Caspoc
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Voltage virtual neutral load
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