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Electromagnetic Characteristics Analysis and Design of Composite Flux

Permanent Magnet Adjustable Speed Drive with Squirrel-Cage Structure
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(School of Applied Technology, Nanjing Institute of Technology, Nanjing 211167, China)

Abstract: [Objective] To enhance the torque density of
permanent magnet adjustable speed drive ( PMASD ), this
paper proposes a composite flux PMASD with squirrel-cage
conducts its

electromagnetic  design and

[Methods] Firstly, a

structure, and
electromagnetic characteristic analysis.
brief introduction to the structure and principle of the
proposed PMASD was provided, and the theoretical model of
PMASD was established based on the equivalent magnetic
circuit method. Secondly, the PMASD simulation model was
established based on the finite element method. The influence
of key structural parameters such as the pole-arc coefficient,
thickness and the pole-pairs of permanent magnets on the air-
gap magnetic field, torque and torque ripple of the PMASD
were studied. And the influence of the cross-sectional area of
L-shaped conductor on the loss and torque characteristics of
the PMASD were also analyzed. Finally, the torque
characteristic and speed regulation characteristic at different
shifting distances of the squirrel-cage rotor were analyzed.
[Results] When the pole-arc coefficient was 0.8, the air gap
flux density waveform of the PMASD was closer to a sine
wave, and the torque ripple was relatively small. As the
thickness of the permanent magnet increases, the amplitude of
the fundamental wave of the air gap flux density was
increased, with the growth rate gradually decreasing. A
reasonable combination of permanent magnet thickness and
pole-arc coefficient could improve the fundamental wave

proportion. As the number of pole-pairs increased, within the

low slip speed range, the PMASD torque output capacity was
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first enhanced and then decreased. Meanwhile, the slip speed
corresponding to the maximum torque showed a trend of first
increasing and then decreasing. As the cross-sectional area of
the conductor bar increased, the resistance of the conductor
bar was reduced, and the copper loss of the squirrel-cage
rotor was decreased. With the increased of shifting distances,
the torque and copper loss were generally reduced, but the
reduction rate was gradually decreased. [Conclusion] The
proposed composite flux squirrel-cage structure enhances the
torque output capability and torque density of the PMASD,
offering excellent speed regulation characteristics and thermal
conductivity.
Key words: permanent magnet adjustable speed drive;
equivalent magnetic circuit; electromagnetic characteristic;

finite element method

 OE. [BM) N TIRFAKBEEL (PMASD) FH %
BE ASCHR T —Fh I A i AL B OB S5 1 PMASD, JF X H:
AT T RS R T [ﬁii)é% Xif it 2
PMASD ()25 R BRIEAT T 85 B2 21, I 5L F S5 R0 %
S T PMASD HUSHAL RS, %?ﬁﬁﬁ)ﬁ/ﬁﬁi?
PMASD 15 B R AFF5E T ARG AR 2R 50 A RG4S B AN
W KRG S B AR A SO0 PMASD SR W37 6 48 S0
Pkshfg s, T T L8 S48 AT PMASD $i#E4%
P SRR AR B, A TR TR BB = IR 7
RO T A5G AR AR SO R [ SR IR S
0.8 Hif , PMASD B 25 ik T2 T 422 35 1E 5% U, B 46 Ik 3 3%
/0N 5 BB R R AR T2 ) 8 T 5 It 8 D s (L 88, 34
W URL/ )N 5 ARG VAR TR B AR IR B & B IL A, 7T AR T3
W7 LY 5 B G AR X B0 3G I, e AR R 25 SR TE L Y,
PMASD #4 HH BE 1 56 1 P W, LS oo 5 0 0T o 1) 3 2
TR A TG S WG S AR AR B, S Ak e

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



R, 4 SR WL B R TS AR IR VR A R AT S

LI Yibo, et al: Electromagnetic Characteristics Analysis and Design of Composite Flux Permanent Magnet Adjustable

78

Speed Drive with Squirrel-Cage Structure
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Fig.1 Composite flux PMASD with squirrel-

cage structure
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