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Fig.1 Electromagnetic coupling principle for stator and
rotor of direct-drive type doubly-fed induction
generator based on MFPPMFC
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Fig.2 Equivalent magnetic circuit model of direct-drive
type doubly-fed induction generator based on MFPPMFC
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Fig.3 Structure of axial magnetic field of direct-drive
type doubly-fed induction generator based on MFPPMFC
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Table 1
doubly-fed induction generator based on MFPPMFC

Inductance values of direct-drive type
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Fig.7 Waveforms of Phase a induction voltage of Rotor 1
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Analysis of electromagnetic coupling characteristics for doubly-fed induction generator

based on multi-frequency pole pairs’ magnetic field coupling
LUO Hao"***,XU Xiangwei',SHI Zhengkun’,ZHAO Jiaxin’*, LIU Haitao'"’
(1. School of Electric Power Engineering,Nanjing Institute of Technology,Nanjing 211167, China;
2. RENergy Electric Tianjin Ltd.,Tianjin 300381, China;
3. Jiangsu Collaborative Innovation Center of Smart Distribution Network ,Nanjing 211167, China;
4. College of Electrical Engineering,Zhejiang University , Hangzhou 310027, China;
5. Nari-Relays Electric Co.,Ltd.,Nanjing 211100, China)
Abstract: The direct-drive cannot be realized by increasing pole-pairs for traditional DFIG(Doubly-Fed Induc-
tion Generator). The pole pairs’ magnetic field spectrum of FSCW (Fractional-Slot Concentrated Windings)
is analyzed,and a kind of transmission scheme of multi-frequency pole pairs’ magnetic field coupling based
direct-driving type DFIG are proposed, which realizes electromagnetic coupling by pole pairs’ dominant
component. Aiming at the problem that there is no general mathematical calculation method for winding
factor of FSCW under different pole-slot ratio,the general winding factor calculation method of three catego-
ries of pole-slot ratios are deduced through the synthesis of excitation magneto-motive force. The expressions
of inductance, flux linkage and induced voltage corresponding to each harmonic magnetic field are derived
based on Fourier series of the number of stator and rotor turns and winding functions, the influence of
magnetic field on generator parameters is analyzed. A design method of double rotor motor pole slot based
on the specific pole pairs’ mutual inductance value is proposed. By comparing the results of mathematical
analysis and finite element calculation,the correctness of the coupling theory of the proposed multi-frequency
pole pairs’ magnetic field and the drive principle of direct-driving type DFIG is verified.
Key words: fractional-slot concentrated windings; harmonic magnetic motive force;multi-frequency pole pairs’

magnetic field coupling;winding factor of harmonic magnetic field



Kl Al MFPPMFC B 3K X5t L3 425
Fig.A1l Topology structure of MFPPMFC direct-drive type doubly-fed induction generator
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Fig.A2 Magnetic circuit of MFPPMFC direct-drive type doubly-fed induction generator
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Fig.C1 Spatial distribution of single coil turns
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Fig.C2 Function of single coil turns
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Table C1 Parameters of MFPPMFC direct drive type doubly-fed induction generator
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Fig.C3 Magnetic density distribution of air gap between stator and Rotor 1
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Table C2 Theoretical value and finite element simulation value of E,;, under different frequency

Erla Erla

M2~ mwooham | 1 meE AR
15 7.75 6.90 140 0.34 0.09
45 1.07 0.83 160 0.55 0.12
70 0.29 0.09 165 0.86 0.30
75 2.08 1.25 230 0.27 0.08
80 0.64 0.20 240 0.24 0.08
100 0.18 0.07 255 0.41 0.09
105 3.94 3.01 285 0.50 0.11
1225 0.44 0.10
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Fig.C4 Mutual inductance of Phase a between stator and Rotor 1
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Fig.C5 Waveforms diagram of induction voltage of Phase A on Rotor 2
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Table C3 Theoretical value and finite element simulation value of E,,, under different frequency

fiHz Ea fiHz Erga
gl AR AE gl AMRTiiAE

5 643 56 80 047 032

B 146 083 875 144 082

53 288 090 25 430 276

55 056 036 75 124 064
675 086 045 100 078 039

70 095 052 1025 054 034

72 1082 9.50 10 061 037

75 107 054
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