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¢ Smallsignal stability of coupled invertanachine systems

2. Inverterdominant microgrid testbed
¢ Gridforming and griefollowing
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Tipping point analysis

A A fundamental questionWhat happens as the ratio of inverter/machine ratings
Increases?

A A simple illustrative example system:

Scalable Inverter Model

/ 1 voltage 107 v

A Adjust the ratings of the inverter and machine to represent different inverter
penetration level.
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Model description: synchronous.machine

A Standard machine model [1]:
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[1] Kundur Prabha, Neal Baly and Mark GLauby Power system stability and control. Vol. 7. New Y®l&Grawhill, 1994.
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Model description: inverter

A Gridfollowing: synchronize to grid voltage reference
A Gridforming: generate voltage autonomously
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Gridfollowing inverter control
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Model description: inverter

Inverter Microcontroller
virtual oscillator
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Gridfollowing inverter control: virtual oscillator controller (VOC)
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Model aggregation

A Objective: obtain scalable model to represent a collection of inverters.

A We showed that if the control and physical parameters of each inverter in a
parallel system adhere to a set of scaling laws, then the output current of a multi
inverter system can be modeled exactly with one aggregated equivalent inverter

model.
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[1] Purba, Victor, et al. "Reduceantder Aggregate Model for ParaHebnnected Singkphase Inverters.” IEEE Transactions on
Energy Conversion (2018).

[2] Khan, M. M. S., et al. "A Redue@dder Aggregated Model for Parallel Inverter Systems with Virtual Oscillator Control."
COMPEL 2018.
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Results for gridollowing case

A Instability at approximately 50% i

A Result varies between 4098%, depends on parameters :MVWW
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Sensitivity analysis

A 2KAOK &adzmaeaidSya AYLI OG 2y GKS aidALWLI
A Sensitivity analysis of the following subsystems:

o Machine automatic voltage regulator (AVR) and excitation system
o Inverter current controller
o Inverter PLL
o Machine mechanical inertia
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Bypass AVR and excitation Different current controller gain
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Results for gridorming case

A Instability at approximately 50% in default case

A ¢KS GUALILAY3I LRAYIE RSLISYRa 2y GKS
o Reactive power droop slope plays a significant role
o System stability can be improved when parameters are chosen carefully
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Multi-machine multiinverter.case

A
A
A

IEEE 3Bus test system resembles the New England system.

There are 10 generator/inverter buses.
Approach: Sweep penetration level by replacing machineairgetime with
inverter of identical rating.

‘ = machine OR inverter
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