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Outline

• Evaluation of SSR Risk in Grid-Forming Type III Wind Turbines
– EMT Simulations
– Experimental Impedance Measurements

• Source of SSR in Standard Grid-Following Type III Wind Turbines

• Genesis of Low Risk of SSR in Grid-Forming Type III Wind 
Turbines
– Control Implementation for GFM Type III Wind Turbines
– Sequence Impedance Models of GFM Type III Wind Turbines

• Summary
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SSR in DFIG based Type III Wind Power Plants

US Minnesota 2007
US Texas 2017 

North China 2012-2013

West China 2015

Source: Y. Cheng et al., "Real-World Subsynchronous Oscillation Events in Power Grids with High Penetrations of Inverter-Based Resources," IEEE Trans. on Power Syst., Early Access.
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Zhangbei, China 2020
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SSR Risk in Type III Turbines for GFM vs GFL Mode

Simulation and Impedance Responses show Better Damping for GFM Control Mode
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Impedance Meas. of a 2.5 MW GFM Type III Turbine

• Type III GFM wind 
turbines naturally exhibit 
positive resistance or 
damping in 
subsynchronous frequency 
range

• This behavior is 
independent of the 
operation condition

Turbine at 1460 rpm with 
2-MW power output

Turbine at 1100 rpm with 
0.9-MW power output

21st Wind and Solar Integration Workshop, 12 Oct. 2022
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Source of SSR in Grid-Following Type III Turbines

• Positive Sequence Impedance Model:
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The negative resistance in the impedance
response is due to the interaction between the
proportional gain (kpr) of the RSC current
controller and the dynamic slip σp(s).

• Impedance response of GFL Type III Wind Turbines

Phase −90o to +90o

where:
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GFM and GFL Control of Type III Wind Turbines

GFM outer-loop control:

RSC Inner-loop Control & GSC Control

Reference: Shah, Shahil, and Vahan Gevorgian. 2020. Control, Operation, and Stability Characteristics of 
Grid-Forming Type III Wind Turbines: Preprint. Golden, CO: National Renewable Energy Laboratory. 
NREL/CP-5D00-78158. https://www.nrel.gov/docs/fy21osti/78158.pdf

GFL outer-loop control:

Note: This slide shows generic control implementation. It does not necessarily represent control 
implementation in the 2.5 MW wind turbine used for experimental impedance measurements.

21st Wind and Solar Integration Workshop, 12 Oct. 2022
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Sequence Impedance Modeling and Validation
• Positive-sequence impedance of DFIG with GFM control:

• Positive-sequence impedance of DFIG with GFL control:
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• Positive-sequence impedance of Type III wind turbines (both GFM and GFL):
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Sequence Impedance Modeling Validation
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Impedance Model Reduction and Validation

Principles of Model Reduction:

• Outer-loop controls, power control and voltage
control, are ignored as they are designed with much
slower control bandwidths.

• Impedance of the GSC is ignored as it appears in
parallel with the induction generator impedance,
which is significantly smaller at low frequencies.

Sequence Impedance Modeling Validation

Reduced order model Zp,GFM(s)

Expand current control compensator Hri(s)

21st Wind and Solar Integration Workshop, 12 Oct. 2022
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Summary

• Grid-forming control of DFIG-based Type III wind turbines naturally 
provides positive damping at subsynchronous frequencies.

– The behavior is validated by EMT simulations, experimental impedance measurements 
of a 2.5 MW wind turbine drivetrain, and sequence impedance modeling.

– This study demonstrates that the risk of SSR between wind power plants with type III 
wind turbines and series-compensated transmission lines or HVDC converters is low 
when the wind turbines are operated in grid-forming mode.

• Future work: Impact of grid-forming control of type III wind turbines on the 
risk of other types of subsynchronous oscillations (SSCI, SSTI, etc.) requires 
further evaluation.

21st Wind and Solar Integration Workshop, 12 Oct. 2022
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