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Fig.1 Schematic diagram of the grid-forming inverter
SCHR[24145 i, A2 88 Gy R 20 P71,
R P & G R AT LR 6, S A M) T 19 L0 AR
s RGRENE . AT Go(s) AT Gi(s) 75l 4
K. s

5% +20w,s + o}

G,(s)= 1



3262 SR B 27 NI S 4

2025 5 H

G,(s)=K, (2)

A, K, MH RS R 5 ¢ e
@0 NP FINEE K, by r S A 1 L R AL
MRPEIE 1, nrge i) o s A ] an ] 2a B .
TEE AR R R, B To RUFD B il f S 2R A B R
HAERIRA TR, PR A e s i m ) — A SR N PR
FERUR KR . B, Gy(o) WEUF BN, RoRx N

Gy(s)~e ' (3)

A, TN RFEI . MRPEE 2a, X545 ¥ I HE &
AT B 2b~ B 2d AT 7 125 30088 e

()
ﬁT—{G(s)%T»{ (s)HGd(s) 2® . X h
1

1_(5 )

(a) JSUUAHE &

| lg(s )

sC |

<

(b) A 1

(d) A
SV SEE U A E SP G F

Fig.2 Control block diagram and its equivalences of

the grid-forming inverter
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Fig.3 Impedance model of the grid-forming inverter
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the grid-forming inverter
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the grid-forming inverter with the grid current feedforward
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Abstract With the remarkable growth of renewables, distributed power generation systems (DPGSs) are
starting to take over the dominant role of synchronous machines. As an essential interface between renewables
and power grids, the grid-connected inverter plays an important role in the safe and stable operation of DPGSs.
Among two types of grid-connected inverters, i.e., grid-following (GFL) and grid-forming (GFM) ones, attention
has gradually turned to the GFM inverter in recent decades, owing to its synchronous-machine-like
characteristics and capability of operating in weak grid or even forming a stand-alone grid. However, similar to
the GFL inverter, the GFM inverter may exhibit non-passive characteristics in the mid/high-frequency bands,
leading to mid/high-frequency resonance risk.

The existing research mainly focuses on sub-synchronous oscillation, but the mid/high-frequency resonance
issue still needs to be explored. In order to mitigate the mid/high-frequency resonance and harvest the desired
performance, this paper provides the optimal design procedure for controller parameters from the perspective of
internal stability and the impedance reshaping method via the grid current feedforward from the perspective of
external stability.

Firstly, a mathematical model of the voltage-current double-loop controlled GFM inverter is established.
The control block diagram of the inverter’s control system is depicted, and its equivalent transformation is
performed. Accordingly, the impedance model of the GFM inverter is obtained as a controlled source in series
with the output impedance.

After that, the stability of the GFM inverter is divided into internal stability and external stability, which
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characterize the stability of the equivalent voltage source and the interaction stability between the equivalent
impedance and the grid, respectively. From these two stability dimensions, the stability mechanism and resonance
risk of the GFM inverter are analyzed based on the Nyquist stability criterion and the passivity theory, and the
main factors affecting the system stability are revealed.

According to the internal stability constraints, stability margin requirements, and steady-state error, an
optimal design procedure for the control parameters is provided, which avoids repeated trials and ensures internal
stability and low steady-state error. Additionally, based on the external stability constraints, the impedance
shaping scheme with the grid current feedforward is proposed, and the corresponding feedforward function is
derived. The proposed scheme is simple to implement and can effectively enhance the inverter's robustness
against grid impedance variations.

Finally, experiments are carried out on a 10 kW GFM inverter prototype. The results confirm that under
different grid conditions, the inverter can with the designed parameters and the proposed scheme continuously
operate stably, and the power quality is high, which verifies the theoretical analyses and the proposed scheme.

Keywords: Grid-forming inverter, stability, resonance, controller parameters, feedforward scheme
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There has been little systematic study of its unique insulation characteristics. As a result, the optimization design
methods are unclear, and assessing insulation voltage capacity is challenging.

This paper investigates the insulation characteristics of the HCT-isolated power supply for high-voltage SiC
devices. It examines six key structural factors: the inner diameter, height, and thickness of the magnetic core, as
well as the winding method and wire diameter for both primary and secondary windings. This paper proposes an
electric field optimization design method under compact size constraints. Additionally, a high voltage
experimental platform was established to clarify the relationship between key structural parameters and the
initiation voltage and discharge magnitude of partial discharges. The voltage withstand characteristics of the HCT
isolated power supply were also verified. Simulation and experimental results indicate that using concentrated
winding for the secondary winding results in a more uniform electric field within the structure. The inner
diameter and height of the magnetic core, as well as the turns and diameter of the secondary winding, have
significant effects on the electric field and partial discharge. However, the thickness of the magnetic core has a
relatively weak influence on insulation capability. This study provides a theoretical basis for the design and
optimization of the HCT-isolated power supply and experimentally verifies the specific effects of key structural
parameters on insulation performance.

Keywords: High-voltage SiC device, isolated power supply, high-frequency current transformer
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