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Electromagnetism
One of the fundamental forces in physics

Occuring naturally due to the 

orientation of the magnetic

dipoles in the atomic structure of

the material

Generated by the drift of

electrons under an electric field



Electromagnetism
Back to basics
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𝐵:𝑀𝑎𝑔𝑛𝑒𝑡𝑖𝑐 𝑓𝑖𝑒𝑙𝑑 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 (𝑇)
𝐼: 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝐴
𝑟: 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 (𝑚)

𝐵 ∝ 𝐼, 𝐵 ∝ 1/𝑟

The magnetic field is 

proportional to the current and 

inversely proportional to the 

distance



Electromagnetism
Magnetic field around a long wire
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Electromagnetism
Superposition, summation, cancellation
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Electromagnetism
Superposition, summation, cancellation
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Electromagnetism
DC cables

𝐵

𝐼

𝐵

𝐼

• Voltage: ~2kV

• Current: ~ mA

• Weight: ~ 30 gr/m

• Diameter: ~10 mm

• Voltage: 525 kV

• Current: ~2kA

• Weight: ~ 60 kg/m

• Diameter: ~150 mm



Electromagnetism
HVDC Cable Systems
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𝐼 = 𝑐𝑜𝑛𝑠𝑡

• Voltage: 525 kV

• Current: ~2kA

• Weight: ~ 60 kg/m

• Diameter: ~150 mm

𝐵 = 𝑐𝑜𝑛𝑠𝑡
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Electromagnetism
Alternate currents, alternate magnetic fields
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𝐵3 = ൗ−𝐵𝑚
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Electromagnetism
Magnetic fields in 3-phase systems

𝐼1

𝐵3
𝑩𝒕𝒂

𝐼1 = 𝐼𝑚𝑠𝑖𝑛θ

𝐵1 = 𝐵𝑚𝑠𝑖𝑛θ

𝐼2 = 𝐼𝑚𝑠𝑖𝑛 θ + 120𝑜

𝐵2 = 𝐵𝑚𝑠𝑖𝑛 θ + 120𝑜

𝐼3 = 𝐼𝑚𝑠𝑖𝑛 θ + 240𝑜

𝐵3 = 𝐵𝑚𝑠𝑖𝑛 θ + 240𝑜

𝐼2

𝐼3

𝐵2𝐵1

𝑡𝑎 𝑡𝑏 𝑡𝑐

𝐵1 = 𝐵𝑚
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Electromagnetism
Magnetic fields in 3-phase systems

𝐼1
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𝐼2 = 𝐼𝑚𝑠𝑖𝑛 θ + 120𝑜

𝐵2 = 𝐵𝑚𝑠𝑖𝑛 θ + 120𝑜

𝐼3 = 𝐼𝑚𝑠𝑖𝑛 θ + 240𝑜

𝐵3 = 𝐵𝑚𝑠𝑖𝑛 θ + 240𝑜
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𝐵3 = −𝐵𝑚

𝐵1 = ൗ𝐵𝑚
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Electromagnetism
Magnetic fields in 3-phase systems

𝐼1

𝐵3

𝑩𝒕𝒄
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Electromagnetism
Magnetic fields in 3-phase systems

𝐼1

𝐵3

𝑩𝒕𝒄

𝐼1 = 𝐼𝑚𝑠𝑖𝑛θ

𝐵1 = 𝐵𝑚𝑠𝑖𝑛θ

𝐼2 = 𝐼𝑚𝑠𝑖𝑛 θ + 120𝑜

𝐵2 = 𝐵𝑚𝑠𝑖𝑛 θ + 120𝑜

𝐼3 = 𝐼𝑚𝑠𝑖𝑛 θ + 240𝑜

𝐵3 = 𝐵𝑚𝑠𝑖𝑛 θ + 240𝑜

𝐼2

𝐼3

𝐵2𝐵1
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𝑩𝒕𝒃



Electromagnetism
Rotating magnetic field
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𝐼1 = 𝐼𝑚𝑠𝑖𝑛θ

𝐵1 = 𝐵𝑚𝑠𝑖𝑛θ

𝐼2 = 𝐼𝑚𝑠𝑖𝑛 θ + 120𝑜

𝐵2 = 𝐵𝑚𝑠𝑖𝑛 θ + 120𝑜

𝐼3 = 𝐼𝑚𝑠𝑖𝑛 θ + 240𝑜

𝐵3 = 𝐵𝑚𝑠𝑖𝑛 θ + 240𝑜
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Electromagnetism
The rotating magnetic field around 3-core submarine cables
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𝐼1 = 𝐼𝑚𝑠𝑖𝑛θ

𝐵1 = 𝐵𝑚𝑠𝑖𝑛θ
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𝐼3 = 𝐼𝑚𝑠𝑖𝑛 θ + 240𝑜

𝐵3 = 𝐵𝑚𝑠𝑖𝑛 θ + 240𝑜
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Significant

cancellation effects



Electromagnetism
Changing reference system

𝐼1 = 𝐼𝑚𝑠𝑖𝑛θ

𝐵1 = 𝐵𝑚𝑠𝑖𝑛θ

𝐼2 = 𝐼𝑚𝑠𝑖𝑛 θ + 120𝑜

𝐵2 = 𝐵𝑚𝑠𝑖𝑛 θ + 120𝑜

𝐼3 = 𝐼𝑚𝑠𝑖𝑛 θ + 240𝑜

𝐵3 = 𝐵𝑚𝑠𝑖𝑛 θ + 240𝑜 𝑩



Electromagnetism
Changing reference system – laboratory implementation

𝐼1 = 𝐼𝑚𝑠𝑖𝑛θ

𝐵1 = 𝐵𝑚𝑠𝑖𝑛θ

𝐼2 = 𝐼𝑚𝑠𝑖𝑛 θ + 90𝑜

𝐵2 = 𝐵𝑚𝑠𝑖𝑛 θ + 90𝑜

𝑩



Work Structure

Real 
Systems

Real Data

Real 
Expertise

Representativ
e Experiment

Reference systems:
• AC: Borselle 220kV 3-core
• DC: NorNed 450kV bipolar

Field measurements:
• Current
• Magnetic flux

Europacable members:
• Independent analysis
• Analytical & numerical
• Consolidated guidelines

Experimental set up:
• Recreation of real conditions



Modelling of AC cables
Input data

Cable structural parameters Measured current and magnetic flux



Modelling of AC cables
Modelling methods

➢ Analytical method – based on Cigre TB908:

▪

➢ Numerical method – based on Finite Element 
Method:

➢ 3D FEA model in COMSOL Multiphysics

Estimation deviation:
0.3%
1.3%

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



Modelling of DC cables
Input data

Reference installation configuration Measured current and magnetic flux 

*adjusted for the influence of the earth magnetic field



Modelling of DC cables
Modelling methods

➢ Analytical method:

▪

➢ Numerical method – based on Finite Element 
Method:

▪ 2D FEA model in COMSOL Multiphysics

Estimation deviation 
1.0%

The models were initially evaluated on a conductor current of 1000A and separation of 1m and 6m.



Summary

➢ 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


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23

