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One of the fundamental forces in physics Try life without us
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Occuring naturally due to the
orientation of the magnetic

Generated by the drift of
dipoles in the atomic structure of

the material

electrons under an electric field




Electromagnetism
Back to basics

Current

in wire
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B: Magnetic field density (T)
I: Current (A)
r:Distance (m)
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BxI,Bx1/r

The magnetic field is
proportional to the current and

inversely proportional to the
distance
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Maghetic field around a long wire ~_ Ty life without us
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Superposition, summation, cancellation B, Try life without us
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Superposition, summation, cancellation Try life without us




Electromagnetism
DC cables

« Voltage: ~2kV
 Current: ~ mA
« Weight: ~ 30 gr/m
 Diameter: ~10 mm

plastic jacket

dielectric insulator

metallic shield

centre core
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Voltage: 525 kV
Current: ~2kA
Weight: ~ 60 kg/m
Diameter: ~150 mm
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B B
/ N\ « Voltage: 525 kV
I oo\  Current: ~2kA
‘ | + Weight: ~ 60 kg/m
- « Diameter: ~150 mm
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Electromagnetism @uropacable
Alternate currents, alternate magnetic fields Try life without us
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I =1,sinB
B = B,,,sinB
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Magnetic fields in 3-phase systems Try life without us
I3 = I,,sin(6 + 240°)
B; = B,,;sin(6 + 240°)
Phase 1 Phase 2 Phase 3
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Electromagnetism
Magnetic fields in 3-phase systems
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I3 = I,,sin(6 + 240°)
B3 = B,;sin(0 + 240°)
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Magnetic fields in 3-phase systems Try life without us
I3 = I,,sin(6 + 240°)
B; = B,,;sin(6 + 240°)
Phase 1 Phase 2 Phase 3
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Magnetic fields in 3-phase systems Try life without us
B,, I3 = I,sin(6 + 240°)
B3 - mSin(G + 24‘00)
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I, = I,,sin® I, = I,sin(6 + 120°)
B; = B,,sin® B, = Bpsin(6 + 120°)



Electromagnetism
Rotating magnetic field
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The rotating magnetic field around 3-core submarine cables Try life without us

I3 = I,,sin(6 + 240°)
B3 - BmSln(G + 24‘00)

Significant
cancellation effects

I, = I,,sin® I, = I,sin(6 + 120°)
B; = B,,sin® B, = Bpsin(6 + 120°)
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Changing reference system Try life without us

Iy = I,sin(® + 240°)
B; = B,,sin(0 + 240°)

I, = I,,sin®

B, = B,,;sinB

I, = L,,sin(6 + 120°)
B, = B,,;sin(06 + 120°)
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Changing reference system — laboratory implementation Try life without us

I, = I,,sin®

B, = B,,;sinB

CCTV cameras
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Vertical coil Experimental tank

\ Horizontal coil



Work Structure

((( ))) 4G connection K x

L_\ _\ ) Solarpanel

Computer

Data cable PVC tube

EMF sensor

Real
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Representativ
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Reference systems:
 AC: Borselle 220kV 3-core
* DC: NorNed 450kV bipolar

Field measurements:
e Current
* Magnetic flux

Europacable members:

* |ndependent analysis

* Analytical & numerical
 Consolidated guidelines

Experimental set up:
 Recreation of real conditions




Modelling of AC cables

Input data

Cable structural parameters

Cable type | 3core armoured cable
Conductor material Aluminium
Conductor outer diameter 3B mm
Diameter below sheath 90 mm
Diameter over sheath 95 mm
Core diameter 99 mm
Core lay length 3000 mm
Armour material type galuamsed}z‘[eel grade
Armour average diameter 225 mm
Armour lay length 3500 mm
Armour wire diameter 75 mm
Number of armour wires B2
Quter diameter 245 mm

Measured current and magnetic flux

Magnetic flux (UT)

202 1-09-05 (000

202 1-08-09 0000

2021-09-13 (000

Date/Time

2021-09-17 (0:00
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Modelling of AC cables
Modelling methods

» Analytical method — based on Cigre TB908:

m |b(p,@zt) = %Fnﬁjwplz cos2(wt + 6,) + |I1':_.|2 cnsz{:cut + El'y:] + |H.|? cusz(mt + EJ,]I

» Numerical method — based on Finite Element
Method:

Source (3) .
face (z = 0)

- Sheath
.-- Conductor

Armour wires g

. ( \l.
twisting |

Euler
mwng anglg J
anglc @ ,.

(\""('[)

Power cores .‘
twisting &

Destination (D) __.=
face (z= 1)

.\ -
=**» Armour wires

3\ “Ppower cores
Length L
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800 1 —— Analytical

—— COMS0OL
400 1
g

E

& 2001
100 1
u-l

00 02 04 06 08 10

Distance from cable surface [m]

Estimation deviation:
->0.3%
21.3%

=) The models were initially evaluated on a conductor current of 500A, which corresponds to 3.08 uT




Modelling of DC cables (uropacable
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Reference installation configuration Measured current and magnetic flux
((( )) . 4G connection x* . - 1400
b\ & o 1 — Magnetic flux [ 1300
160 \ Current r 1200
%1)' ‘ E
= 100 =
: §

20

il
2024-05-03 00600 2024-0507 00:00 20240511 00:00  2024-05-1500:00  2024-05-1900:00  2024-05-23 00:00  2024-05-27 00:00
Date,/Time

*adjusted for the influence of the earth magnetic field

Cable type| Single core DC cable
Location of cable one (xy) (-0.4,0)
Location of cable two (x,y) (0.4,0)
Location of for
. (01,1)
measurement/calculation (xy)




Modelling of DC cables @uropacable*
MOde”ing methods Try life without us

» Analytical method:

I 1 Magnetic field 1 m from pole centre 0002 Err. magnetic field 1 m from pole centre
S !
= BRIl =5 2 @D = A
PJp —2spcos@ + s g 20 S o0
» Numerical method - based on Finite Element -0 " -0
Method: 0 2 m 32 2n 0 a2 m 32 n
Angle [rad] Angle [rad]
Magnetic field & m from pole centre Err. magnetic field 6 m from pole centre
= 2D FEA modelin COMSOL Multiphysics e e .i
;: 100 s "
= 50 1 E =0.002
0 2 n 2 2n 0 w2 n 2 n
Angle [rad) Angle [rad]

Estimation deviation
=21.0%

=) The models were initially evaluated on a conductor current of 1000A and separation of Im and 6m.




Summary (uropacable
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» Field measurements, current and magnetic flux, used as input
» Measurement configuration on land, used as input

» Verification of analytical and numerical models against field measurements
= Reliable models: estimation error 0.3-1.3%

» Modelling guidelines to model the seabed configuration of interest
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