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Big Picture 
• Overall objective: Build a prototype, demonstration system that can 

utilize spinning inertia (energy storage) of a wind turbine to “give and 
take” real power to grid

• In appropriate frequency band (approx 0.1 to 2 Hz)
• Using PMU feedback in real time
• Proportional to (but opposing) grid frequency deviations
• DOE SBV between Sandia and NIRE (Lubbock, TX)
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Background
• Building on work of the Sandia/BPA PDCI modulation project

• B. Pierre et al., "Supervisory system for a wide area damping controller using PDCI 
modulation and real-time PMU feedback," 2016 IEEE Power and Energy Society General 
Meeting (PESGM), 2016.

• B. J. Pierre et al., "Open-loop testing results for the pacific DC intertie wide area damping 
controller," 2017 IEEE Manchester PowerTech, 2017.

• R. Guttromson, I. Gravagne, J. White, J. Berg, F. Wilches-Bernal, and C. Hansen, "SAND2018-
772151: Use of Wind Turbine Kinetic Energy to Supply Transmission Level Services," Sandia 
National Laborotories, Albuquerque, NM, March, 2018.

• T. Knuppel, J. Nielen, K. Jensen, A. Dixon, J. Ostergard, “Power Oscillation Damping Controller 
for Wind Power Plant Utilizing Wind Turbine Inertia as Energy Storage,” 2011 IEEE Power and 
Energy Society General Meeting, 2011.



Experimental Setup: PMUs
• PMUs

1. SEL 421 located at Washington State U (Pullman, WA), with GPS clock.
2. SEL 487 Located at Sandia Labs, with GPS clock.

• Both PMUs transmitting C37.118-2015, “UDP_S”, 60 msg/s (WSU 
using public internet)

• Both on western grid



Experimental Setup: Modulation Controller
• Modulation controller is the design prototype 

for PDCI (resides at Sandia “CONET” lab)
• LabView-based RT OS
• Two operational modes 
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Experimental Setup: SWiFT site
• Scalable Wind Farm Technology site: 3 Sandia-owned Vestas V29 

turbines in Lubbock. 
• 225 kW rated power
• 29 m blade diameter
• Retrofitted for Type IV operation (AC-DC-AC)
• Sandia proprietary control system (NI VeriStand platform, with subsystems 

compiled from MATLAB/Simulink)
• Not on western grid but that’s OK

SWiFT
Control House



Experimental Setup: Turbine Controller
• Modified the turbine speed controller to accept “torque modulation” 

input



Experimental Setup: Torque Modulator

Remove out-of-order packets

Incoming mod signal + 
origination time stamp

Safety checks

Error recovery

Bandpass
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A word on comm security
• Message Authentication Coding (MAC) using SHA-256 w/ pre-share 

key

Illustration of Message Authentication Code Process (www.sqa.org.uk)

ABQ SWiFT



Conclusions, future work
• It is possible to modulate the real power output of a wind turbine with zero 

“spill” using real-time PMU feedback. 
• Wind operators can provide grid services (“Wind helps grid!”)
• Within appropriate frequency band

• Challenges remain:
• Need better measurement of power output (PMU at tower)
• Analysis of overall phase margin complicated (filters, delays, sampling, 

quantization...)
• Freq regulation mode needs more thinking
• Explore larger (much larger?) modulation limits
• Can it be scaled up? 
• Ongoing question of cybersecurity for PMU comm
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