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• Postdoc ETH Zurich, Switzerland 2021 - Present
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• PhD Tsinghua University, China 2016 - 2021
Supervisor: Prof. Hua Geng

• B.S. degree Tsinghua University, China 2012 - 2016

• Control of renewable energy generation systems
• Dynamics and stability of future power systems
• Grid ancillary services and dynamic virtual power plants (DVPPs)
• Generic modeling of converter-based generation for power system 

simulations
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Personal web page

https://xiuq-he.github.io/
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Agenda
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• TPSP Introduction (5 mins)

• Presentation (30-45 mins)
− Introduction to existing control strategies (Voltage vs Current Forming)
− Limitations of existing strategies (from Table 1 in the paper https://arxiv.org/pdf/2404.13376)
− Novel control strategy proposed in the paper (Cross Forming Control)
− Limitations of cross-forming and future scope (Table 1 and 2 in the paper)

• Brief discussion or questions

https://arxiv.org/pdf/2404.13376
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Grid-forming (Voltage-forming)
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• Definition of GFM [NERC, AEMO, UNIFI, ESIG, etc.]
GFM IBR controls maintain an internal voltage phasor that is constant or nearly constant in the sub-
transient to transient time frame

− Droop Control
− Virtual Synchronous Machine (VSM)
− Dispatchable virtual oscillator control 

(complex droop control)
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Grid-following (Current-forming)
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• Definition of grid-following
GFL IBR controls maintain an output current phasor that is constant or nearly constant in the sub-
transient to transient time frame

− PLL-based control (slow)
− Dual counterparts of voltage-forming controls 

(e.g., dual synchronous generator [Xin 2021])
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Contrast between voltage-forming and current-forming
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• Longer time frames (100 ms to steady state).

• Control objectives can be the same or 
different: Sync., power sharing/dispatching, 
frequency and voltage regulation, islanding 
operation, black start, LFO damping, etc.

Current-forming control
(Power control, PLL, etc.)

Voltage-forming control
(Droop, VSM, etc.)

𝜃𝜃𝑖𝑖𝑑𝑑𝑞𝑞∗

𝜃𝜃∗
𝑣𝑣∗ Voltage loop Current loop

Current loop𝑣𝑣

𝑖𝑖

Time frame10 ms100 ms1 s 1 ms

𝑖𝑖∗

• Sub-transient to transient time frame (0 to 100 ms) 

• Different control objectives
− GFM: Constant voltage phasor
− GFL: Constant current phasor

• Same control objectives: Sink for imbalances/harmonics, 
small-signal stability improvement / passivity, etc.
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Limitations of voltage-forming and current-forming
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• For voltage-forming: Current limitation issue
• For current-forming: Need fast current setpoint adjustment for providing voltage-source-like behavior



© 2024 Xiuqiang He. All rights reserved.

How to overcome the limitations?
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• For voltage-forming: Current 
limitation issue
− Adaptive virtual 

impedance
− Virtual admittance + 

Current limiter

• For current-forming: Need 
fast current setpoint 
adjustment for providing 
voltage-source-like behavior
− GFM vector current control 

[Lennart Harnefors, 2022]
− Dual synchronous 

generator [Xin, 2021]
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Motivation of cross-forming
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How to achieve cross-forming?
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• There are many ways to achieve cross-forming behavior https://arxiv.org/abs/2404.13376

https://arxiv.org/abs/2404.13376
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Benefits of cross-forming control
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Open problems
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• By detecting what signal should the cross-forming control be activated and deactivated?
− Terminal voltage?
− Terminal phase jump?
− Output current?

• How to quantify the response behavior of grid-forming (current-saturated) converters?
− How large is the fault current contribution?
− How large is the active power response?

• How to specify the response of grid-forming (current-saturated) converters more clearly in grid code 
development?
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Conclusion
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• GFM and GFL differ from one another in the sub-transient to transient time frame (0 to 100 ms) because 
the control objectives in this time frame are different.

• GFM and GFL can achieve the same control objectives in longer time frames (100 ms to steady state).

• To ensure the GFM behavior (more specifically, voltage-angle-forming) and current limitation, we proposed 
the cross-forming control.

• Future work will 
− quantify the response behavior of cross-forming inverters under current saturation,
− specify the response behavior of grid-forming (current-saturated) converters as grid code requirements, 

and
− investigate the capability of the cross-forming inverters to fulfill grid code requirements.



Thank you!
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