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Fig.1 Dynamic electromagnetic torques of initial

design under different operation conditions
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Table 1 Operation status of energy storage system with synchronous condenser
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Table 2 Electromagnetic performances of initial design of magnetic-geared speed regulator
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Fig.2 V-shaped permanent magnet design of inner rotor
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Fig.3 Halbach array permanent magnet design of

inner rotor
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Table 3 Electromagnetic performances of

different permanent magnet designs
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Table 4 Electromagnetic performances of designs with

different thicknesses of modulating pieces
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Table 5 Electromagnetic performances of designs

with different widths of modulating pieces
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Table 6 Electromagnetic performances of different

stator slot geometry designs
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Table 7 Structural comparison of

selected and initial designs
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Design of magnetic-geared speed regulator in energy storage system
with synchronous condenser and flywheel
LI Zhigiang, WANG Dongyang,XIAO Yang
(China Electric Power Research Institute,Beijing 100192, China)

Abstract: The electromagnetic design of magnetic-geared speed regulator(MGSR) in the energy storage sys-
tem with synchronous condenser and flywheel for new energy station is introduced. Based on the operation
principle of coaxial magnetic gear,by changing the frequency of the stator current,the MGSR achieves step-
less change of the flywheel speed and the power flow between the flywheel and the synchronous condenser
whose speed is constant. Equipped with MGSR,the synchronous condenser is capable of not only regulating
reactive power but also providing active power support. The basic structure, the regulation range of speed
and frequency and other basic operation conditions of MGSR are determined. The electromagnetic perfor-
mance of MGSR with different configurations of permanent magnets and different dimensions of modulating
ring and stator slots are calculated and compared by using finite element software,and the V-shaped perma-
nent magnets, the width and thickness of modulating pieces and the shape of stator slots are selected for
the final design. This design increases the torque density of magnetic-geared speed regulator significantly
and achieves fairly high operational efficiency.

Key words: synchronous condenser;flywheel energy storage; magnetic-geared speed regulator;torque density;

efficiency
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Coordinated optimal capacity configuration of energy storage equipped by
new energy and transmission lines considering consumption level
XIE Yuguang',LI Jinzhong',WANG Chuan’,GAO Bo',ZHENG Tianwen’,MEI Shengwei’
(1. State Grid Anhui Electric Power Research Institute,Hefei 230601, China;
2. Department of Electrical Engineering, Tsinghua University, Beijing 100084, China;
3. Sichuan Energy Internet Research Institute, Tsinghua University,Chengdu 610213, China)

Abstract: With the rapid increase of the proportion of renewable energy power generation represented by
wind and photovoltaic power, the uncertainty and volatility of the output of wind farms and photovoltaic
power plants pose great challenges to the real-time power balance. The configuration of energy storage with
reasonable scale can guarantee the economy and improve the utilization rate of new energy. Therefore,
aiming at the new energy power station with known capacity,a chance-constrained programming model for
coordinated optimal capacity configuration of energy storage equipped by new energy and transmission lines
is proposed,which aims to minimize the construction cost of energy storage and transmission lines,and takes
the annual new energy abandonment rate not exceeding the specified index as the chance constraints.
Since the chance constraints are usually non-convex and lack explicit expressions,the feasible domain corres-
ponding to the chance constraints is conservatively converted into linear constraints based on conditional
value at risk to obtain a linear programming problem which can be efficiently solved,and the robustness of
the programming scheme to the probability distribution of new energy scenarios is quantitatively analyzed.
The example analysis results show that the proposed programming model can effectively solve the capacity
configuration problem of energy storage and transmission lines considering the consumption level of new
energy,and the capacity of transmission lines can be reduced by rational configuration of energy storage,thus
saving the total investment cost.

Key words: new energy; energy storage; capacity configuration; conditional value at risk; chance-constrained

programming ; coordinated optimization
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Fig.A1 Basic structure of coaxial magnetic gear
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Fig.A2 Magnetic-geared speed regulator connected with synchronous condenser and flywheel
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Fig.B1 Initial design of magnetic-geared speed regulator
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Table B1 Initial design parameters of MGSR

ZH HE ZH HiE
SE F N HL 10 TE T HEH 21
SEF SRR MR SE 0 AR /mm 955
SE TR0 MR /mm 1300 Tl AN H 17
PR A A2/ mm 785 PSR/ mm 915
P T AR 5L 7 Py F HA%/mm 725
T AT N35H KA B fmm 32
B A K /mm 1530 SETIEREHERR/A 7200
P T E % T8/ (r-min) 7285.7 E LI IR A Hz 170
W TR FEE/(rmint) 87429 | W TFRARFHE/( rmint)  5828.6
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Fig.B2 Thickness and width of modulating pieces
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Fig.B3 Geometric parameters of stator slots
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