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4. Key Problem Areas: [Briefly Outline the current Challenges to address with Research]:

Two primary simulation tools are employed for analyzing power system transients:

o Transient Stability (TS) Programs: These programs focus on lower-frequency
phenomena, such as power swings (typically below 2 Hz), loss of synchronism, and
the response of voltage regulators and governors. TS models utilize simplified

representations of system components.

o Electromagnetic Transient (EMT) Programs: Designed to capture fast transient
events, EMT simulations require detailed high-frequency models of system
components and employ very small time steps (typically less than 50

microseconds).
Evolving Challenges:

o The integration of power electronic converter-interfaced systems like wind farms,
High-Voltage Direct Current (HVDC) links, Voltage Sourced Converters (VSC),
Variable Frequency Drives (VFD), and Photovoltaic (PV) inverters into the grid
has blurred the traditional distinction between fast and slow time-scale transients.
The dynamics introduced by these technologies often exhibit characteristics that

span both time domains.
Computational Challenges:

o Simulating the entire grid with detailed EMT models for all components would be
computationally excessive. This has led to the development of more efficient

simulation techniques:

o Limited Study Zone with Equivalents: Modeling the system of interest in detail with

simplified representations (equivalents) for the external grid.

o Hybrid TS-EMT Simulations: Combining TS and EMT simulations, where the core
study area is modeled with EMT, while the broader system is represented by a TSS

model.

o Full-Scale EMT Simulations: Despite the computational demands, advancements
in computing power are enabling more comprehensive full-scale EMT simulations

for certain applications.
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Briefly outline the detail of methodology used for research: [Provide a concise overview of your
research write-up and methodology. Include key aspects like the research approach, data collection
methods, and analytical techniques.]

Considerations for conducting large-scale studies

e Accuracy, Simulation speed and hardware requirements.

e Power System Model Guidelines. Average versus Switching Models?

o Screening methods for determining when RMS and EMT simulations are required.

o The extent of the system that needs to be modeled in EMT domain if hybrid simulation is
to be done

Based on above considerations outline of the methodology for the proposed project is as below.

o Methodology for hybrid simulations and simplified representations, characterize the
accuracy of simulations in terms of spatial and temporal parameters (e.g., what is the
bandwidth of the transients that can be accurately captured as a function of the
“distance” from the disturbance).

o Accuracy of hybrid simulations with different relative sizes of EMT and TS simulations.

o Explore different open-source tools/commercially available tools and co-simulation
methodologies for computational efficiency and speed.

o The hybrid simulation studies will be initially carried out on simple benchmark systems.
Thereafter, larger systems will be explored. Source tools/Hardware will be transferred.

o Carve out one part of the TS system and model it in EMT domain. Carry out a hybrid
simulation using open source/commercially developed TS and EMT program.

e Successively embrace larger parts of the TS simulation in the EMT domain to assess the
impact on accuracy and speed. Explore High-performance computing (HPC) that be used
to accelerate electromagnetic transient (EMT) simulations of large-scale power systems.

o Sharing the outcomes through workshops/sessions, reports and other documentations.
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