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Background: Why Co-Simulation?

Speed 
cycle

Detail 
cycle

Change request
Customer requires 

additional scenarios  

Model 
optimization

Speed up simulation 
New method 
required

Insufficient details  
Imprecise model unfit to 
prove required behavior

Model 
optimization
Increase in level of 
detail
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Case definition 
baseline

As per initial requirement

Otherwise 
cycle repeats

Co-Simulation



Motivation & Intro 
Why Co-Simulation?

Conclusions

Domain-Interconnection
- EMT-RMT
- RMS-EMT
- Electrical Equivalents

Agenda and Basis of the work

Analysis Results
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Thank you for the 
collaboration and support!

Realtime-Offline-
Interconnection
- UDP
- FPGA



Basis and further Reading
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Intro
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Sim. Time Performance

Area to be investigated Frequency Spectrum

RMS

EMT

EMT Analysis

High level of details
dt ~ 50 µs
Instantaneous Values

But: computational burden

RMS Analysis

Extensive Network sizes
dt ~ 10 ms

(Positive Sequence) Phasor Values

But: limited frequency range

Co-Simulation



EMT-RMS Interconnection
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EMT Analysis

dt ~ 50 µs
Instantaneous Values

RMS Analysis

dt ~ 10 ms
(Positive Sequence) Phasor Values

RMS  EMT
• Phasor Decomposition
• Interpolation
• Angle Correction

EMT  RMS
• Phasor Composition
• Low Pass Filtering
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EMT-RMS
SVC + LPF
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EMT  RMS
• Phasor Composition
• Low Pass Filtering

time

Signal
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Discrete Fourier 
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Positive Sequence 
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Per phase, 
results in currents 𝐼𝐼R, 𝐼𝐼S, 𝐼𝐼T
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RMS  EMT
• Phasor Decomposition
• Interpolation
• Angle Correction

EMT-RMS
SVC + LPF
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Re-Transformation Interpolation

Angle Correction

𝑦𝑦EMT 𝑤𝑤RMS + 𝑛𝑛Δ𝑤𝑤EMT = 𝑦𝑦(𝑤𝑤RMS−1 )+
𝑦𝑦(𝑤𝑤RMS−1 )− 𝑦𝑦(𝑤𝑤RMS)

𝑛𝑛max
𝑛𝑛

Signal

Interpolated 
Signal

𝑦𝑦 = 𝑌𝑌 cos 𝜔𝜔𝑤𝑤 + 𝜑𝜑

𝑤𝑤𝑖𝑖𝑤𝑤𝑤 𝜑𝜑 = 𝜑𝜑0 + 𝜑𝜑 + 𝜑𝜑𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝜑𝜑𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 360° ∗ 𝑑𝑑𝑤𝑤 ∗ 𝑓𝑓0 ∗ 𝑛𝑛𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
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Electrical Equivalents
EMT
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Source

Measurement

Grid Node

Input Values
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EMT voltage source

• Three-phase instantaneous values from 
decomposition and interpolation

• Allows for initialization of the realtime model

Current source possible as well

• Must use a voltage source in the RMS 
model then



Electrical Equivalents
RMS
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Loadflow Model

• Thévenin Equivalent
• Fixed Active and Reactive Power
• ‚Renewable Machine‘ in PSSE

Dynamics Model

• Norton Equivalent ‚ISORCE‘
• Values from data Handler
• Exchanged via a Shared Memory 

implementation



Realtime-Offline Interconnection
Ethernet: UDP
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RTDS Novacor

GTNET-SKT

Data Handler PSS/E

UDP
Socket

Shared
Memory

Shared
 Memory

UDP
Socket

DLL-Interface

Ethernet Memory
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Socket to Realtime-Machine

• GTNET in RTDS 

Data Handler Software (PC)

• Sends and receives from/to the Realtime 
Machine, via UDP Socket

• Sends and receives from/to PSS/E Source Model
• Via a Shared Memory Core instance
• Handles missing data

Phasellus nec sem

• Compiled into the Source Model (C++ and Fortran)



Simulations
Test Model
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RMSEMT

PSSERTDS/RSCAD



Simulations
Case: 3ph Fault in EMT-Section
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Simulations
Case: 3ph Fault in RMS-Section
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1st Scope Extension: Transmission Grid (RMS) and HVDC (EMT)
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HVDC: Fixed Sources vs. Dynamic Grid Model
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LCC HVDC @Fixed Source Model LCC HVDC @SAVNW Grid Model



2nd Scope Extension: East China Power Grid Model
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- 12,000 nodes
- 7 HVDC Converter Stations, 3 in RTDS
- Voltage levels 525 kV, 775 kV and 1050 kV

Previous Model, Monolithic BPA:

Not realistic



HVDC and Grid reaction to a fault
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RMS Grid Voltages

HVDC Stations



Conclusions
And further work

Broad utility in the real-time space

• Reduced demand for network reduction techniques
• Enables multi-vendor capabilities
• Prevents re-modelling efforts, cuts iteration processes

WiP: From prototype to everyday’s tool
• Extend network sizes and interface numbers
• Standardize interfacing

A feasible enhancement of real-time capabilities

• Good match for electrical values
• UDP interface needs no futher hardware 
• PQ identical in steady state
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Contact
Published by Siemens

Christian Scheibe
R&D Project Manager

Technology - Multimodal Grid Operation 
Schuckertstr. 2
91058 Erlangen, Germany

E-mail Christian.Scheibe@siemens.com 
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