Equivalent magnetic circuit analysis of doubly salient permanent magnet motor with MN-shaped stator iron core segments
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Conclusion
Traditional three-phase DSPM motors usually suffer from high torque ripple due to the unbalanced PM An EMC analytical method is established to analyze the performances of I1-core DSPM motor In this
flux linkage. Then, a three-phase 12/7-pole DSPM motor with IT-shaped stator cores (IT-core DSPM) was paper. The airgap permeance formula of doubly salient motor I1s deduced firstly, so that the influence of
presented to achieve a smooth torque output. In this paper, an equivalent magnetic circuit (EMC) analytical slotting on the modulation Is analyzed. Then, an EMC model ot the I1-core DSPM motor Is established,
method of II-core DSPM motor is established in the perspective of the general airgap magnetic field so the airgap magnetic field density can be obtained, based on which the no-load EMF and the torque
modulation theory (AFMT), sO that the performances can be calculated analytica“y_ can also be calculated. Flna”y, the 2-D FEA and eXperImental results of the prO’[Otype motor are given (0]

verify the analyses.

The II-core DSPM motor

— operates based on the AFMT i The air_gap MMF waveform of the IT-core DSPM motor
winding considering both stator teeth o o x. €an be equivalent to the square wave, and be expressed as
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core DSPM motor. in Ei _ _ o B(A,t)=F,,(8)-A(O,t
structure, as shown in Fig. 2. Fig. 3. Equivalent magnetic circuit model. (6:1) = Fag (0)- A (1)
1.5 7 0.9 200 10 Stator silicon
’ | . o | ‘ /\/\/\/\/\/\/\/\/\/\A/\ '
2 — L ol U ) 0.8 J A-FEA —_~ 150 \ oS 0000007 %00004.400090900004400097%00004400097%000044.00097%00044 000" %¢ e Shew ‘.
_;. = ; 0.5 ¥ ; ~07 - 2 A-EMC E, 100 FS47 ~ A
s O 3= LAY A AR AL | \E 0.6 | 1 B-FEA = 50 7 ™\ g 6
g .E S 0 : L TN 1 / g 0.5 |l 1 B-EMC =0 S 8'
c BeE i ‘ . o L o 24 Rotor silicon “

o 2 E - , l iy 8§ - ;8 -0 % Fn steel sheet
cC E ~ -1 F - | \ » | \ ‘_‘é y oL o -100 | ] - 2 8 Windine
c S 1.5 U 7 Y. S D 8'1 i [/ 4150 == « EMC —FEA o g-
5 T 0 60 120 180 240 300 360 o LA oo M 01 o HHN i 12 g ] e 1L -200 ' ' ' 0 ' ' ' & Stator
L S Rotor position(Elec. Deg.) 3 s 7 0 11 13 15 17 19 21 3 0 60 120 180 240 300 360 0 60 120 180 240 300 360
Qq-) A FEA —A-EMC —B-FEA —B-EMC Space harmonic order Rotor position(Elec.Deg.) Rotor position(Elec.Deg.)

Fig. 4. Comparison of airgap flux density at two difference rotor positions. Fig. 5. No-load EMF comparison. Fig. 6. Torque comparison.



