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Présentateur
Commentaires de présentation
Hello everyone, First, I would like to thanks the EMTP team for their invitation and providing us this opportunity to share with you a part of our work which consists of Modeling EM systems by RNM under EMTPIn this presentation we insist on transformers modeling. which was the subject of a collaboration between IREENA , EDF and L2EP



Context - Issues

RNM & EMTP

Transformers modeling

Results

Conclusion

Présentateur
Commentaires de présentation
My presentation follows  this plan I start by giving you the context and the issues of our projectThen we will see un overview of RNMAfter that we will apply the suggested method on transformers modelingAnd we will present some of the obtained resultsFinally we resume the main points in conclusion and providing you our perspectives for this project,So let’s start by the first point, 
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Supply
Transformer

Load / Network

 FE modeling

Alternator

Transformer
Load

Lines / Cables

• High time consuming

• Need for electrical coupling

• Software compatibility

• Improve the operational performance: alternators, transformers, lines... 

• Control their behavior in particular operating conditions: starting, disturbances, faults

• Explain the damage propagation: interaction between electrical grid and its equipment.

• Global

• Healthy state

 Circuit modeling
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Présentateur
Commentaires de présentation
The electricity grid consists of several energy infrastructures. The challenge for EDF is to: * improve the operational performance of these installations and * control their behavior, particularly under specific conditions, * Study the interaction between these different network organs.To achieve this, we need a reliable simulation tool. Here, two options are available : 1- circuit modeling approach  2- numerical method such as FEThe first one is more natural but quantities are globalized and it can test only the healthy state while the second is more tighter but it’s: * time consuming * it needs an electrical coupling *It poses problem regarding the compatibility with the others circuit software if we consider modeling the entire system



Rule of 3

Interpolation 
Extrapolation

Circuits (EMTP)

complexity

time

FE computation 
(Code_carmel)

Circuits (EMTP) : 
Reluctance network

≈ 101 ~ 102 unknowns

≈ 105 ~ 106 unknowns

≈ 103 ~ 104 unknowns

- Fast modeling
- System modeling

- Precise modeling
- Access to the geometry

Objective: New Generic Modeling Method under EMTP

+
100M

Rmag

+
Lnonl

+
RL1

0/20Ohm
+

RL2

0/.16Ohm+

0.09375

Tideal_unit

m
oh

am
m

ed
.n

ai
dj

at
e@

un
iv

-n
an

te
s.f

r

4

EMTP User Conference | June 21st - 2019| Perpignan, France

Présentateur
Commentaires de présentation
Our goal is to find a middle point that combine the benefits of classical EM computation Which is precision and access to the design and in the same time, will be fast and allows system approachTo achieve  this, our choice was made on RNM, As a case of study, we opted for trasformers



Power Transformers HVDC Transformers Phase-shifting Transformers

Distribution Transformers Substation Transformers Reactors

Hidden champions
of the power grid
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Objective: study their reaction for different disturbances

Présentateur
Commentaires de présentation
Actually, transformers appear at different levels of the gridthey are more exposed to disturbances that can affect the electrical gridThis disturbances can be :Natural ( next slide)



Context
Natural disturbances

m
oh

am
m

ed
.n

ai
dj

at
e@

un
iv

-n
an

te
s.f

r

6

EMTP User Conference | June 21st - 2019| Perpignan, France

Présentateur
Commentaires de présentation
Such as GIC , due to charge variation in the ionosphere  Or lightning



Ferroresonance

Inrush currents

Context

System disturbances
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Présentateur
Commentaires de présentation
It can be also disturbances  due to critical functioning  points Like phenomena of Ferroresonance or inrush currents ,,,



Context - IssuesContext - Issues

RNM & EMTP

Transformers modeling

Results

Conclusion

Présentateur
Commentaires de présentation
So our goal is to develop a model capable of  modeling the transformer in its different operating cases 



�
𝒌𝒌

𝒎𝒎𝒎𝒎𝒎𝒎𝒌𝒌 = 𝟎𝟎�
𝒋𝒋

𝝋𝝋𝒋𝒋 = 𝟎𝟎𝒎𝒎𝒎𝒎𝒎𝒎 = 𝓡𝓡𝝋𝝋

�
𝒌𝒌

𝒆𝒆𝒎𝒎𝒎𝒎𝒌𝒌 = 𝟎𝟎�
𝒋𝒋

𝑰𝑰𝒋𝒋 = 𝟎𝟎𝒆𝒆𝒎𝒎𝒎𝒎 = 𝑹𝑹 𝑰𝑰

Magnetic
Circuit

The reluctance network method & EMTP

�𝐵𝐵 � 𝑑𝑑𝑑𝑑 = 0 ∮𝐻𝐻 � 𝑑𝑑𝑑𝑑 = 𝑚𝑚𝑚𝑚𝑚𝑚
Flux conservation 

Charge conservation 

∮𝐸𝐸 � 𝑑𝑑𝑑𝑑 = 𝑒𝑒𝑚𝑚𝑚𝑚

Ampere’s law

Faraday's law

𝐽𝐽 = 𝜎𝜎 𝐸𝐸 �𝐽𝐽 � 𝑑𝑑𝑑𝑑 = 0

𝐵𝐵 = µ 𝐻𝐻

Electrical
Circuit Behavior law

Behavior law

Ohm’s law Kirchhof’s Law (for nodes) Kirchhof’s Law (for loops)

Analogy 

 The analogy :  electrical circuit ↔ magnetic circuit

 RNM :  use an equivalent magnetic circuit 

Circuit software can be adopted to 

make reluctance network analysis
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Présentateur
Commentaires de présentation
modeling an EM system is solving Maxwell eqs with the right constitutionals eqMaxwell eqs can be formulated in terms of circuit eqs which are : Ohm’s law and kirchho’s lawsFor an electrical circuit we write : By Analogy, for a magnetic circuit :The (RNM) is based on solving magnetic circuits which can be coupled or not to an electrical circuitThe analogy between E C and M C make possible the use of circuit software to perfume a RNAbut what is MC and what it looks like ?
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A D=A-C

C
E

B = 2A+C

Gbp

Ghp

HP

WPWS BTW
btw

lift

HS

Gbs

Ghs

LV winding
HV winding
Magnetic core

Tank
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[ J .Turowski ]
Three-phase transformer : cross-section

• Satisfy a specific system (Case-by-case modeling)

• Weak coupling with electrical circuit

• Need for human intervention

Présentateur
Commentaires de présentation
In the literature, one can find several RNM models that varies from the most basic to the most complexBut all the proposed models are single-use, if one of the parameter change we should change the modelAlso they have a weak coupling with electrical circuit (or even without any coupling)They needs for human intervention (to build the model or during the resolution process)



A D=A-C

C
E

B = 2A+C

Gbp

Ghp

HP

WPWS BTW
btw

lift

HS

Gbs

Ghs

LV winding
HV winding
Magnetic core

Tank

→ Each element is substituted with an elementary circuit (cell) 

→ A new EMTP library for all possible configurations

Transformer design Geometry mesh
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Présentateur
Commentaires de présentation
In our case we wanted to have a generic model capable to fit the different transformers topologiesAnd must be automatablefor this, we preferred to use a meshed approach which consist of replacing each element of the mesh by an elementary circuitFor this purpose, we developed a new EMTP lib that cover all possible cases 
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An all-in-one cell that contain:

Magnetic circuit

 Electrical circuit

 Electric to magnetic

 Magnetic to electric
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Electromagnetic coupling

𝑒𝑒𝑚𝑚𝑚𝑚 = −
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑖𝑖(𝜕𝜕)

Présentateur
Commentaires de présentation
This is how it looks like:Cell can be very simple like the 4 reluctance hereTo a complex one like this all in one cell here



Linearity ?

Physical parameters ?

Coupling ?

Device type finder

for each mesh element, we identify 
which device to use from EMTP Library

Add devices

Build the RN model in EMTP 

Connect devices

Establish connections 
between devices 

Set the devices parameters

Update circuit components parameters 
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Présentateur
Commentaires de présentation
The code work like soDepending on the introduced physical proprieties The code is going to determine  which device to use for each element of the meshThan order EMTP to add this devices in order to build the modelAfter that it establish the connection between devicesThe update their values (in the lib they have a default value)
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Présentateur
Commentaires de présentation
Actually what the user see it’s a global viewBy double clicking his going to have access to the design and the meshAnd by double clicking devices we can see the elementary circuit of the cell



RNM & EMTP

Context - Issues

RNM & EMTP

Transformers modeling

Results

Conclusion
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*.m, *.mat, etc. 
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Instantaneously informed of the tasks performed by EMTP2

1 Steps:

 Feedback  !     
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Magnetic fields quantities

 Magnetic !     
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 Electrical quantities VS Time!

(voltage, current and power)

Coupling Behavior

Yy0

Dd0

Yd11 

Dy5
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Présentateur
Commentaires de présentation
Here some fast test to see the global electromagnetic behaviorTransforming ratioDifferent coupling and phase-shifting



Context - Issues

RNM & EMTP

Transformers modelingTransformers modeling

Results

Conclusion



Testing the global electromagnetic behavior
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15 MVA

25,6 kV / 4,5 kV

Présentateur
Commentaires de présentation
Also we see here the nonlinearity behaviorCurrent deformation do to the saturationand the same thing for the flux here



Open-circuit

Test 1: Open-Circuit
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RNM FE 2D FE 3D

preprocessing solving

~10h

~3h~ 6 min

Profiling

Présentateur
Commentaires de présentation
First, we see a great agreement between the RNM and FE 2D or even the the 3DWhich validate our model. However, we observe a shift between simulation and empirical results.This can be explained by different facts



A D=A-C

C
E

B = 2A+C

Gbp

Ghp

HP

WPWS BTW
btw

lift

HS

Gbs

Ghs

LV winding
HV winding
Magnetic core

Tank

Test 2: Short-Circuiting the secondary winding
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Tank



Test 3: Short-circuit between turns

52 ms

52 ms
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CONCLUSION 

New EMTP library

• Generic and multi-use method

 Adaptive mesh

 Automatic creation of the equivalent RN model

 Can be adapted to different transformers topologies: 

single-phase, five columns, shell-type, etc.

• Graphical user interface 

 MatLab ↔  EMTP

 Post-treatment 

Fields color maps, circuit quantities

Field maps



Optimization and sizing 

3D problem

Extra tests : - Geomagnetically Induced Currents
- Lightning
- Inrush currents …
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- Single-phase

- Five column

PERSPECTIVES 
90%

60%

30%

1 %

Présentateur
Commentaires de présentation
Near term targetLong term aims
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