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Abstract: The main methods to reduce the no-load eddy
current loss of permanent magnets of axial magnetic field
motors include: reducing the width of the stator slot
opening, increasing the length of the air gap, dividing the
permanent magnet into blocks, using shielding layers and
magnetic slot wedges, etc. Based on a simplified 2D
analysis model of a permanent magnet axial field motor, the
effects of reducing stator slot opening width and increasing
air gap length, using shielding layers and magnetic slot
wedges to reduce no-load eddy current losses are analyzed.
The effects of different segmentation methods of permanent
magnets on reducing no-load eddy current losses are studied
through three-dimensional electromagnetic field simulation.
The research results indicate that reducing the width of the
stator slot opening has the best effect; although increasing
the length of the air gap can significantly reduce eddy current
losses, the amount of permanent magnets used increases
rapidly ; the segmented permanent magnet has a better effect
on reducing eddy currents, and the circumferential
segmentation method is the best; the shielding layer has a
counterproductive effect; the effect of using segmented

magnetic slot wedges is slightly worse than reducing the

width of stator slot openings, but the processing technology
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difficulty is lower.

Key words: axial magnetic field motors; eddy current
losses; simplified 2D analysis model; magnet segmentation;

shielding layer; magnetic slot wedge
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Fig.1 Two-dimensional simulation model of axial
magnetic field motor
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Tab.1 Dimensional parameters of axial field

permanent magnet motors
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Fig.2 Three-dimensional and two-dimensional no-

load line back electromotive force and

electromagnetic torque simulation results of

axial magnetic field motor
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Fig.3 No-load air gap magnetic density waveform

and harmonic content
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Fig. 4 The variation curves of no-load air gap magnetic

density harmonic content with stator slot width
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Fig.5 The relation between the eddy current loss of

permanent magnet, the flux linkage and self-

inductance of winding and the width of stator

slot opening

FEBOR , (A3 LA K RE RT3 . R, B AR
T A A9 DR AU B2 B 75 VR R el DN K R 18 U
TURE , (R G A B 2 L g o (5 ELAS B Ay =5
B RER TR AR5 R T 1 98 B A B B2 22 1)
AISCR NI 7 FroR

B 6 =HSMEHEIERSEMKBERRREESE
KETL 2

Fig. 6 The change curves of harmonic content and

eddy current loss of no-load air-gap magnetic

density with air-gap length
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Fig.7 The relation between eddy current loss of no-load

permanent magnet and slot width and air gap length
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Fig. 9 The relation between the total eddy current
loss of the no-load rotor and the thickness

and resistivity of the shield

e SR B IR R, 5 ELAS SR ANIET 12 frzs o Al LA
A BT R AR AT DL 2 08 N AR , [t 2 i
PO TG BE Wl /)N, B8 2 A SRR 3 s ok R LR
 WEPERE RS B/ T 0.3 mm, BEI, ZE4L %
SR I/ IMELAN R AR, SE 4 A AR ORI H.
IR VA T R AR AT 5 R R FEE A /S

LAl o BORE AR, 40P 10(h) Brow , R A
BECE TE A 2 mm, 28 B G 2 T I 75
IR A2 ) B 5 2 0 A2 At 2k an 181 13 ffs . ml L)
L BRG] B 5 Y

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



XU, 45 < 1) Tl S VML R B A 2 28 TR AR I/ N7 50 EE AT

34 LIU Longjian, et al; Comparative Study on Methods for Reducing No-Load Eddy Current Losses of Permanent Magnets in Axial Magnetic Field Motors

E10 #HERTIEE:(a) RHEK;(b) 9K
Fig. 10 Groove wedge schematic diagram: (a) not

segmented; (b) segmented
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Fig. 11 The variation curves of no-load air gap magnetic

density harmonic content with slot wedge thickness
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Fig. 12 The curves of eddy current loss of permanent

magnet, amplitude of flux linkage and self-

inductance of winding with the thickness of

magnetic slot wedge
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Fig. 13 The change curves of no-load air gap magnetic

density harmonic content with slot wedge gap width
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Fig. 17 The relation between winding self-inductance

and slot wedge thickness and clearance width

R ANTR] 7 BORIR, , OB R 37108 5 e it
B AR AL i AN P 18 Fios . nT LR i, 43 B
oz WIS Ok o RN R] 7 BRSO, K
PRIR TIARE 58 4L R B I e S SE 2 IR B 2 )5
BRI LR anI&] 19 s, TR, 70 BOR
ZIN TR T PR AR , SR BB K, (HL 58 4
FUBCLBOR . M/ IN I S0 FE A 2 Hh R, 73 B
2,

B 18 #ERARES RN, SIEHI7E K S ERHER
B R 4L fh 22

Fig. 18 When the number of groove wedges is

different, the change curves of the

harmonic content of the air gap magnetic

field with the thickness of slot wedges
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Permanent magnet axial magnetic field motors
have the advantages of high power density and torque
density, and have important applications in medium
to high speed drives such as electric vehicles and
aviation fields. The main methods to reduce the no-
load eddy current loss of permanent magnets include ;
reducing the width of the stator slot opening,
increasing the length of the air gap, dividing the
permanent magnet into blocks, using shielding layers
and magnetic slot wedges, etc.

The methods are compared and analyzed in this
article for reducing eddy current losses in permanent
magnet axial field motors. Based on a simplified 2D
analysis model of a permanent magnet axial field
motor, the effects of reducing stator slot opening
width and increasing air gap length, using shielding
layers and magnetic slot wedges to reduce no-load

eddy current losses are analyzed. The effects of

different segmentation methods of permanent magnets
on reducing no-load eddy current losses are studied
through  three-dimensional electromagnetic ~ field
simulation.

As shown in Tab.1, the research results indicate
that reducing the width of the stator slot opening has
the best effect; although increasing the length of the
air gap can significantly reduce eddy current losses,
the amount of permanent magnets used increases
rapidly; the segmented permanent magnet has a
better effect on reducing eddy currents, and the
circumferential segmentation method is the best; the
shielding layer cannot reduce eddy current losses,
but instead has a counterproductive effect; the effect
of using segmented magnetic slot wedges is slightly
worse than reducing the width of stator slot openings,

but the processing technology difficulty is lower.

Tab.1 Comparison of various eddy current loss reduction methods

Reduce the width of stator Increase air Divide the permanent Use the .
Methods ) . o Use magnetic slot wedges
slot opening gap length magnet into blocks shielding layer
The eddy The effect of reducing eddy The effect of reducing
The eddy current loss can be current loss current is  better, and eddy current loss s
Advantages o ) ) ) None )
reduced significantly can be reduced circumferential ~ subsection good, and the processing
significantly is the best technology is simple
The winding self-inductance o
) . ) The amount of When the number of blocks Cannot The winding self-
increases with the decrease of stator ) ) ) ) ) )
) ) o permanent is large, the installation of reduce the inductance increases with
Disadvantages  slot width, and the machining )
R magnet permanent  magnet  is eddy current the decrease of slot
process is difficult when the slot )
R increases complex loss wedge gap width
width is small
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