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Fig. 1 Basic structure of magnetic-geared speed regulator
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Fig.2 Energy storage system based on synchronous

condenser, flywheel and magnetic-geared speed regulator
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Fig.3 Cross section of initial design
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Tab.1 Basic parameters of initial design
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Tab.2 ‘Iypical operations of magnetic-geared speed regulator
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Tab.3 Electromagnetic performances of initial design
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Fig. 4 Major leakage fields and integral loops for leakage
flux factor calculation under no-load condition
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Fig.5 Geometric parameters of flux barrier
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Fig. 6 Variation of no-load leakage flux factor with
geometric parameters of flux barrier
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Tab.4 Geometric parameter values of flux barrier
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Tab.5 Value ranges of optimization variables
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Fig. 8 Process of multi-objective optimization
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Design Optimization of Magnetic-geared Speed Regulator for Energy Storage

System with Synchronous Condenser and Flywheel
CHANG Ke', ZHAN Yang', LI Zhi-giang”

(1. School of Electrical and Electronic Engineering, North China Electric Power University, Beijing
102206, China;2. China Electric Power Research Institute,Beijing 100192, China)

Abstract: With the increasing proportion of new energy, the inertia support, voltage support, and frequency regula-
tion ability are obviously weakened in current power system. The development of energy storage system with synchronous
condenser and flywheel (ESSSCF) is of great significance to improve the regulation capability of new energy power gener-
ation and enhance the stability of new power systems. This article briefly describes the principle and different operation
states of the magnetic-geared speed regulator (MGSR) for ESSSCF, and focuses on the design optimization of its electro-
magnetic structure. The electromagnetic finite element model of the MGSR is established. The shape of the flux barrier is
selected for the inner rotor with V-shaped permanent magnet by calculating and analyzing the no-load leakage flux factor.
The geometric parameters of the V-shaped permanent magnets and stator slots and the pole-arc coefficient of the modula-
ting ring are optimized for multiple objectives, respectively, using genetic algorithm, under the conditions of a constant a-
mount of permanent magnet and a constant area of stator slot. In addition, the correlation of the target performances with
the geometric parameters is analyzed. The results of the design optimization and correlation analysis can direct the struc-
tural design of the magnetic-geared speed regulator for improvement of the torque and efficiency performances.

Key words: energy storage system with synchronous condenser and flywheel; magnetic-geared speed regulator;

torque; efficiency; multi-objective optimization





