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Motivation

• What is interoperability?

• Observed issues

• How to investigate it?

• Results
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Interoperability
“Interoperability is the ability of different systems, devices, or components to 
operate together in a compatible and coordinated manner by exchanging 
information and functioning without conflicts.”

vs
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Interoperability
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Issues

• Decrease in inertia

• Curtailments

• Damage

• Blackouts
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Investigation

• Control analysis and design

• Real-time hardware-in-the-loop simulations:

• HIL

• C-HIL

• P-HIL

• Simulations
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Investigation

Controller Evaluation Controller Validation (C-HIL)Control analysis and design
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Investigation

(i) Typhoon HIL Schematic editor and SCADA

(ii) C-HIL
• Typhoon HIL 604 (x2)
• Texas Instruments F28379D LaunchPads (x2)
• Computer

C-HIL
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Investigation

(A) x1 RTS – Typhoon HIL 404
(B) x3 MCUs
(C) x2 DC filters
(D) x2 Inverters
(E) x2 AC filters (missing)
(F) x2 AC measurements
(G) x1 Grid Connection

P-HIL
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Investigation

Classical approaches (PI):

• Forward voltage loop
• Current feedback loop
• Cascade Voltage-current loop

Advanced methods:
• State-space control
• Fuzzy
• Sliding mode control
• Passivity control
• MPC

• LQR
• H2
• Hinf
• MJLS
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Results
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Results
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Results – Voltage control  
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Results – Power sharing  
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Results – Power supplied  
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Results

Conclusion Future work

• Adding more parallel IBRs

• Modelling disturbances

• Power Hardware-in-the-loop implementation

• Better performance

• No need for Virtual Impedance

• Reliable power sharing
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Results - Paper
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caio.toledo@utwente.nl

THANK YOU!

“Robust and interoperable control powers the future grid.”

UTwente LinkedIn
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