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Nuclear Power Plant
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Combination of several systems



Nuclear Power Plant Model
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Nuclear Power Plant Model
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 Internal Electrical System Model

• Each pump model by a Torque (T)

T = k . w^2

The existing power plant model
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The existing power plant model
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 Thermomechanical model

• Apros has electrical system modeling, however limited to

• Main component models

• General studies, for example just symetrical studies

• It is not popular/standard amoung power system experts



 Provide supporting analyses for safety case:

• A detailed multi-physic simulation model for on-site electric power
system of NPP interfaces to the off-site high voltage power system
model and to thermal, reactor-physical and automation models.

• COSI will develop plant specific co-simulation models starting with
FORTUM’s models and integrating later TVO’s and possible
Fennovoima models.

• The simulation platform will be utilized for evaluation the adequacy and
balance of safety requirements of the electrical systems in NPP in the
cases of faults and disturbances

Objective
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COSI Project Plan for 2020
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WP1: COSI Simulation platform 
architecture

Poria Divshali, VTT
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Exchange Layout (1)

• Turbine / Generator

Apros

Power System Simulator
e.g. Simulink

Coupling
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Exchange Layout (2)

• Turbine / Generator

Apros

Power System Simulator
e.g. Simulink

Mechanical Power

Rotational speed

Control 
Signals

Coupling
( )1
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Exchange Layout (3)

• Pump / Turbine

Apros

Power System Simulator
e.g. Simulink
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Exchange Layout (4)
• Motor (common) Pump

Apros

Power System Simulator
e.g. Simulink

Mechanical Power

Rotational speed

New motor pump operation mode added to Apros

Coupling
( )1

2 e m
d T F T
dt H
d
dt

ω ω

θ ω

= − −

=



T1.1 Architecture design

 Co-simulation challenges which should be answered in architecture
• Data Exchange layout among simulators
• Time step handling between simulators

Each Simulator must follow its internal time step, 
which is totally different in these tools. 
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T1.1 Architecture design

 Co-simulation challenges which should be answered in architecture
• Data Exchange layout among simulators
• Time step handling between simulators
• Data exchange intervals between two simulators

A parallel Data Exchange is 
selected.

In each interval, the platform 
checks weather all Simulators 

finish their tasks?

14/09/2020 VTT – beyond the obvious 18



T1.1 Architecture design

 Co-simulation challenges which should be answered in architecture
• Data Exchange layout among simulators
• Time step handling between simulators
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• Protocol of data exchange between simulators
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Protocol of data exchange between simulators

 Different simulators in electrical power system of NPP
• MATLAB/Simulink
• PowerFactory DigSILENT
• PSCAD
• …
Different simulators in transmission power systems

• PowerFactory DigSILENT
• PSS/E
• PSCAD
• …

 Apros
Open Platform Communications (OPC) standard
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Architecture design

Master Program
(e.g. MATLAB or Python)

Co-Simulation Platform Architecture

Act as OPC Client for connect to Apros

Apros
(For Thermal and 

automation model)

Act as OPC Server

Mechanical Models

Electrical Models

Power System Simulators
(e.g. Simulink, 

PowerFactory, …)

Electrical Models

Depend to simulator a protocol is 
selected (e.g. TCP/IP for PSCAD)
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T1.1 Architecture design

 Co-simulation challenges which should be answered in architecture
• Data Exchange layout among simulators
• Time step handling between simulators
• Data exchange intervals between two simulators
• Protocol of data exchange between simulators
• Initialising of all Simulators in steady-state

• Load Apros IC
• Load Simulink IC
• Start master program from steady-state condition
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Preliminary Co-Simulation (1)

 Power System in Simulink (Generator and Motors)

3 Phase Fault at t=3 s
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Preliminary Co-Simulation (2)

 Turbine and Pumps Models in Apros
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Preliminary Co-Simulation (3)
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 Improve the master code to a more user friendly version
• For changing the model need to update just the lay-out file
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Preliminary Co-Simulation Results (1)

 Voltage @ Motor Terminal
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Preliminary Co-Simulation Results (2)

Motor 1
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Preliminary Co-Simulation Results (3)

Motor 2
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Preliminary Co-Simulation Results (4)

Mass Flow
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Preliminary Co-Simulation Results (5)

Generator 



WP2: Simulation Study
Matti Lehtonen, Aalto
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WP 2 Simulation studies
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 Loviisa 1

Internal grids
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 Loviisa 1
• Find the steady state condition using separate models

Internal grids
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 Loviisa 1
• Find the steady state condition using separate models

• Update Apros model by adding required transmitter
• For all motors and Generators 

Internal grids
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Name based on instruction
e.g. for basic pump: (speed as in put) 
BM_WP_XXX

Selecting output component
XXXX_PU1 P_SPEED_OLD



 Loviisa 1
• Find the steady state condition using separate models
• Update Apros model 

• Update Simulink model
• For all motors and Generators

• Input Output

Internal grids
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Name based on instruction
e.g. for comon pump: St.CP_Tmech_XXX



 Loviisa 1
• Find the steady state condition using separate models
• Update Apros model 

• Update Simulink model
• For all motors and Generators

• Input Output

Internal grids
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Name based on instruction
e.g. for comon pump: St.CP_Tmech_XXX



 Loviisa 1
• Find the steady state condition using separate models
• Update Apros model
• Update Simulink model
• Update the layour file in master program

Internal grids
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COSI – recent Aalto 
activities



So far
• Brushing up on transmission system basics

• Modelling nodes
• Modelling lines
• 3-phase power flow basics, noting that we will be dealing with 

asymmetric scenarios
• Gleaning Fingrid data from QGIS-related files (Excel (done)
some other database format?)

• Learning and slowly building up a simple network in Simulink 
(some 'steady-state' success)
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Possible directions for transmission model development

8-node network 
(Finnish subset of 

57-bus model)

57-bus Nordic model

49-buses for Norway 
and Sweden + Finnish 

EHV transmission

49-buses for Norway 
and Sweden + entire 
Finnish transmission

Entire Finnish transmission 
with some representation of 

neighbouring countries

Finnish EHV (400 kV) 
transmission with external 

countries lumped to 
interconnections

OR

Not enough 
generation in this 
model!

How far we get in this roadmap will 
depend on time and benefit - noting that 
we are aiming for minimum sufficient 
transmission models that are relevant to 
the nuclear power station of interest.

8-node network 
(Finnish subset of 

57-bus model)



Visualising data in QGIS
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Data has been extracted from QGIS (&/or 
.dbf files and Energiavirasto)
Line data
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This is how the blocks look 
in the newer versions of 
Matlab… This is the 13 node 
demo network from Matlab



Possible roadmap for grid model development

This thesis used a 57 node model 
for the Nordics



It would be nice to start simple!

But, the generation in the (8-bus) Finnish part of the 57-bus network is perhaps too scenario-specific, but a good first approximation?



Should we model 
new connections?

Will we need to 
model everything?



Conclusion, for WP2

 Model the 400 kV grid of Finland 
and any necessary sections of 
lower voltage transmission

 We have the data for that
 But it will be quite tedious modelling 

it all in Simulink – but great once 
we’ve done it!

 Check modelling with another 
platform

 Simulations and case studies!



Poria Divshali (VTT) John Millar (Aalto)
Poria.Divshali@vtt.fi john.millar@aalto.fi
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