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Classical grid-forming is not perfect...

* Droop control and VSM
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v=na(w —v)+n(q —q)

» Single-input single-output: based on
decoupling and linearization
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« Good power-sharing property and small-
signal performance
 Poor large-signal performance
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—Need multivariate/MIMO controllers
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1. Complex-Frequency Control
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Complex-frequency control

« Complex variables are multivariate
— Complex voltage v = ve/®
— Complex angle 9 :=Inv+ 6

« Complex droop control are multivariate
— Multivariate feedback: complex power
— Multivariate control output: complex angle

' : j p* —Jjq*  p—Jq v*E — v?
9 wo ,J P — + no
— Jwo ne ( v*2 2 ) n v*2

SISO droop control: 6 = wy + 1 (p, — py)
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— Complex power
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— Complex frequency @ =9 = ~+Jjo
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Comparison with classics Ay, = =2
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_ Classical droop control Complex droop control

Controller

Stability

Dynamic
performance

Transient
performance

Steady-state
performance

0 q* q v — v v*e — ?
— =7 — == | +n« or + no .

V= 77((1* _Q) + no (’U* _'U)a v v¥2 2 vx v*2
9:w0+n(p*—p). Q:wo—H}(p*—ﬁ)-
v*2 92

Small-signal stability is guaranteed
but transient stability not guaranteed
(far away from the nominal)

Both small-signal stability and transient stability
are theoretically guaranteed

Dynamic droop control: VSM and

their variants Dynamic complex-frequency droop control

Virtual admittance + limiter Virtual admittance + limiter
Cross-forming control Cross-forming control

Threshold virtual impedance Threshold virtual impedance control
Power sharing Power sharing
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2. Dynamic Complex-Frequency Control
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Dynamic complex-frequency control W‘T'E’caN@'EEE“

) I ) . * a4k 4 *x2 .2
StatIC. drqop 9 = o + ned® (p rv*gq _pvzjq) el U*ZU
— Static gains
— No inertia response Ag - A

ol =1y o ([ar 1= L)

. VS.
 Dynamic droop

— Dynamic gains (Transfer Fcns) AS] _ [T_re(S) —TM(s) (l _[TP(s) Av)
i i Aw T'™(s) Tr(s) ~|Tva ()l v

— Rich dynamic responses !

= Z(S) — Zv(s)

Aw = T(s) (—Ag — T7(s)Avpec)
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Single-converter control setup s P
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Aw = T(s) (—Ag — T7(5)Avpcc)

Avpcc —>
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: Desired behavior
| Zdes (S)' des (S) |
| I

We choose T(s) = T ges(s) and TV(s) = T ges(S)
to provide some desired dynamic behavior
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Multi-converter control setup (Dynamic VPP) W“.'E’caN@'EEE'“G

Converter aggregation
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3. Case Studies
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Case study setup JEEON Bl 'cs

Case study | IEEE 9 bus system
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Desired response:
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dc energy source model converter k Pk ak

power

)
: Re L LV/MV I |
lcdc==lvdc,k —| — —(Q

4( dc voltage control )47 Vdc,k

P( modulation)

Current Voltage
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4. Conclusion
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« Complex-frequency (MIMO) grid-forming control: It outperforms classical
(SISO) ones in stability guarantees.

 Dynamic complex-frequency control: Transfer functions (dynamic gains)
Instead of static gains provide richer dynamic responses.

« DVPPs, dynamic virtual power plants: A good solution to coordinate multiple
converters to fulfill a desired response.

« Future work: Stability guarantees when using dynamic (vs. static) complex-
frequency control.

EEF

lndustria;i Dynamic Complex-Frequency Control of Grid-Forming m ey h
@ IE E E EIectromcsi e Converters — Xiugiang He (ETH Zurich) ZU rIC



|EEE
K’\m QIEEE o €6

Complex frequency

F. Milano, Complex frequency, IEEE TPWRS, 2022.

Stability guarentees of complex droop control (aka. dVOC)

M Colombino, D Grof3, JS Brouillon, F Dorfler, Global phase and magnitude synchronization of coupled
oscillators with application to the control of grid-forming power inverters, IEEE TAC, 2020.

X. He, V. Haberle, and F. Dorfler, Complex-frequency synchronization of converter-based power systems,
IEEE TCNS, 2022.

X. He, L. Huang, I. Suboti¢, V. Haberle, and F. Dorfler, Quantitative stability conditions for grid-forming
converters with complex droop control, IEEE TPEL, 2024.

X. He, V. Haberle, I. Suboti¢, and F. Dorfler, Nonlinear stability of complex droop control in converter-based
power systems, |[EEE L-CSS, 2023.

X. He and F. Dorfler, Passivity and decentralized stability conditions for grid-forming converters, |IEEE
TPWRS, 2024.

|EEE

Industrial T o Dynamic Complex-Frequency Control of Grid-Forming m ey h
@ IE E E EIectromcsi e Converters — Xiugiang He (ETH Zurich) ZU rIC


https://ieeexplore.ieee.org/abstract/document/9524491/
https://ieeexplore.ieee.org/abstract/document/8638531/
https://ieeexplore.ieee.org/abstract/document/10578001/
https://ieeexplore.ieee.org/abstract/document/10536651/
https://ieeexplore.ieee.org/abstract/document/10015048/
https://ieeexplore.ieee.org/abstract/document/10417814/

Acknowledgments

Thank you!

Dynamic Complex-Frequency Control of
Grid-Forming Converters

Xiugiang He (fA[%55&), Senior Scientist

ETH Zurich, Switzerland
4 Nov, 2024

|EEE

Electronics

E 3
th @IEEE Elle:ro:;l ' m
IECON v conreracorme
W IEEE INDUSTRIAL ELECTRONICS SOCIETY

This work was supported by the European
Union’s Horizon 2020 and 2023 research and
Innovation programs (Grant Agreement Numbers
883985 and 101096197).

”WHHQOSVTVF

(>} AGISTIN

@ Industrial 3 Dynamic Complex-Frequency Control of Grid-Forming m erx h
lEE i 'cs Converters — Xiugiang He (ETH Zurich) Zurlc 19



