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Tab.1 Dry-type transformer model parameters
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Fig. 1 Three-dimensional model of dry-type transformer
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Tab.2 Comparison of performance parameters of

dry-type transformers
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Fig.2 Schematic diagram of short circuit turn and short

circuit point in outer winding interturn short circuit fault
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Fig.3 Winding interturn short circuit fault

equivalent circuit diagram
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Fig. 4 Analysis of interturn short circuit winding current

of low voltage winding of dry-type transformer
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Fig. 5 Analysis path of magnetic field model
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Fig. 6 Magnetic density distribution of outermost and

innermost winding during interturn short circuit fault
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Fig.7 Force variation of outer winding during

interturn short circuit fault
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Tab.3 Maximum force of winding interturn short

circuit at different positions N
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Fig. 8 Stress of A phase low voltage winding
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Electromagnetic Characteristics and Electrodynamic Analysis of

Dry-type Transformer Winding Interturn Short Circuit Fault

HAO Yan',XIAN Ri-chang' ,HU Yu-yao' .ZHANG Hai-giang” ,GUO Yang', LI Jia-qi'
(1. School of Electrical and Electronic Engineering, Shandong University of Technology,Zibo 255000, China;
2. Zibo Power Supply Company,State Grid Shandong Electric Power Company, Zibo 255000, China)

Abstract: The low voltage winding interturn insulation fault of dry-type transformer is not easy to find directly
through the appearance of the phenomenon, and is difficult to real-time monitoring, seriously affecting the safe and stable
operation of power systems. In view of the lack of fault detection methods due to insufficient research on the electromag-
netic characteristics of single-turn interturn short-circuit faults in low-voltage windings of dry-type transformers, and the
difficulty in setting interturn short-circuit faults in practical projects. finite element simulation software was used to es-
tablish a field-circuit coupling model which is consistent with the actual dry-type transformer, and the accuracy of the
model was verified under rated operating conditions. On this basis, the variation rules of electromagnetic parameters of
short-circuit turns at different positions were explored when interturn short-circuit faults occur in low-voltage windings.
The distribution of electromagnetic force on short-circuit turns when interturn short-circuit faults occur in windings at dif-
ferent positions was simulated. The results show that when the interturn short circuit occurs at different positions of the
winding. the maximum magnetic density appears in the outermost short-circuit turn; the outermost short-circuit turn is
subjected to the largest radial force, and the innermost short-circuit turn is subjected to the largest axial force. Therefore,
it provides a theoretical basis for on-line monitoring and protection technology of dry-type transformer interturn insula-
tion, which is conducive to the research and implementation of measures to improve short-circuit resistance.

Key words: dry-type transformer; finite element simulation; interturn short circuit; electromagnetic characteristics;
electric power
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Coordinated Control Strategy of Photovoltaic Hybrid Energy Storage

Based on Improved Virtual Synchronous Generator
ZHAO Yong-xi, YU Jiang-rong
(College of Automation Engineering, Shanghai University of Electric Power, Shanghai 200090, China)

Abstract: New energy grid connection is easy to cause voltage fluctuation, frequency oscillation and other problems.
For this, the paper adopts a frequency division control strategy of hybrid energy storage unit, which based on the storage
of photovoltaic grid-connected system as the research subject, thus improving the dynamic stability of DC bus voltage,
and proposes an improved virtual synchronous generator. According to the characteristics of flexible adjustment of inertia
parameters, the virtual inertia and parameters are adjusted adaptively to suppress the frequency and power oscillation
caused by the disturbance. Finally, a simulation model of photovoltaic storage grid-connection is established. It verifies
that the proposed strategy can not only stabilize the DC bus voltage and supplement the power deficiency under different
operating conditions. At the same time, it can slow down the sudden change of the system frequency and reduce the over-
shoot, showing good grid-connected performance.

Key words: photovoltaic storage and grid-connected system; improved virtual synchronous generator; hybrid energy
storage; frequency regulation; energy management





