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Analysis of Motor Loss in Permanent Magnet Brushless Motors
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Abstract:

This paper presents an analysis of the stator iron loss and the rotor eddy-current loss in 22-pole/24-slot modular and
24-pole/36-slot conventional permanent magnet brushless motors. The loss is evaluated by time-stepped finite element analysis.
No-load loss at 6 000 rpm is mainly due to the stator iron loss, while at rated load the eddy-current loss which is induced in the
magnets is a major component of the total motor loss. It is shown that the no-load idling loss in the modular motor is lower than
that of the conventional motor because it has fewer poles. On the other hand, the rotor eddy-current loss in the modular motor
is higher because the stator armature magneto-motive force has low order spatial harmonic components. It is shown that the

idling loss in the stator can be reduced by about half by using 0.20 mm thick laminations rather than 0.35 mm laminations. It is

also shown that the eddy-current loss can be reduced significantly by segmenting the magnets circumferentially.
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(b) Conventional 24-pole/36-slot
Fig.1 Schematic of PM brushless motors

Table 1 Motor specifications and parameters

Topology Modular Conventional
Pole number 22 24
Slot number 24 36
Magnet resistivity (u£2-cm) 70 70
ko produs s
Air-gap (mm) 1.6 1.6
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Table 2 Magnetic properties of lamination materials

35JN300 35JN210  20JNEH1200

Thickness, d (mm) 0.35 0.35 0.20
Iron loss, W55y (W/kg) 2.60 2.05 2.05
Tron loss, Wy00 (W/kg) 18.0 16.0 11.0
Flux density, Bs, (T) 1.68 1.66 1.66
\ >550 0

<0.00

(a) Modular motor (Total iron loss = 1 176 W)

Wikg
>550.00

<0.00

(b) Conventional motor (Total iron loss = 1 448 W)
Fig.2 Ironloss distribution at 6 000 rpm on no-load
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Fig.3 Normalized flux density harmonics in a tooth tip

ROBEDTi D% e LA L, Rl L7z &) I1caskiEne
KENZHARTEY 27 —BDOHHH) 15% /NS v, ZOFH
X, BV 2T —ROFPHERIMEL ) MEBA DR LE
Zbb,

W2, S 5 BT A 7 — & BRI J 13§ 5

Modular

O Conventional |

Flux density harmonics
(%)
N

Harmonic order

Fig.4 Normalized flux density harmonics in a tooth body
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Fig.5 Influence of lamination material on iron loss
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(a) 22-pole/24-slot modular brushless motor
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(b) 24-pole/36-slot conventional brushless motor

Fig.6 Normalized magneto-motive force (mmf) space
harmonic distributions
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Fig.7 Influence of number of magnet segments per pole on
eddy-current loss for modular motor
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Fig.8 Influence of number of magnet segments per pole on
eddy-current loss for conventional motor
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Fig.9 Influence of slot opening on eddy-current loss for
modular motor (Number of magnet segments per
pole: 2)
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Fig.10 Influence of slot opening on eddy-current loss for
conventional motor (Number of magnet segments
per pole: 2)

VAT —MBIOMRMOKABAET SV VAE—F %
R, RN EIR L AR REOBA LS - IME RO M %
Folze MEAMPBIRIZETY 25 —ME—F DFHIVNI VD,
BB D V72D TH D, T2, AT—FITHWS
BRI OREZ 0.35 mm 75 020 mm 12§52 & T, #
FHIZIZIZ P T 50 AT — FREIICE OB AR
B DIAET 720, BAHOMERBIZEY 25—
=S OFFRECD, BAZEHNIGEHT LI ETH
BRI RN TE B, ERFE— 2 THLHEDR
JE RS % B oA 2 BTN 2 5 EI D RS 5
MY, Fi, Ay MEOZBAHEREIC I TR
WREV, Lo T, T— 7 HREZLEMURIKT 512
BEY 25 —RE—F DY TH b,

RO FITICH Y, AP OBRELR THRE W
WrY 27 4 — b RRZOD Atallah 181 & Xia #1123, &
CHmeRLET,

BEXM

1) A RIER, NA 7Yy FABEORSE ML > B ABHHR 2 2004
KL no. 20045325, 2004-05.

2) Atallah, K.; Howe, D. Modular permanent magnet brushless machines
for aerospace and automotive applications. Proc. 20th Int. Workshop on
Rare-earth Magnets and their Applications. 2000, p. 1039-1048.

3) Atallah, K; Wang, J.; Howe, D. Torque ripple minimisation in modular
permanent magnet brushless machines. IEEE Trans. on Industry
Applications. vol. 39, 2003, p. 1689-1695.

4) Oikawa, T; Tajima, T.; Matsumoto, K.; Akita, H.; Kawaguchi, H.;
Kometani, H. Development of high efficiency brushless DC motor with
new manufacturing method of stator for compressors. Proc. 16th Int.
Compressor Engineering Conf. CD12-4, 2002.

5) Jack, A. G.; Mecrow, B. C.; Dickinson, P. G.; Stephenson, D. Permanent-
magnet machines with powdered iron cores and prepressed windings.
IEEE Trans. on Industry Applications. vol. 36, 2003, p. 1077-1084.

6) KIGHIFE. AABATIYLAE—FOaXy 7 b7 BX%
EKWLEED. vol. 122, no.4, 2002, p.338-345.

7) Atallah, K.; Howe, D.; Mellor, P. H; Stone, D. A. Rotor loss in permanent
magnet brushless AC machine. IEEE Trans. on Industry Applications.
vol. 36, 2000, p. 1612-1618.

8) WEFIEN, KA. FHMEBEATE— & Ollfs 710543 2 #ERHE
T 5 E 5. BRPSMEEIIZESER. RM-03-73, 2003, p. 712.

9) Bertotti, G. General properties of power losses in soft ferromagnetic
materials. IEEE Trans. on Magnetics. vol. 24, 1988, p. 621-630.

10) Fiorillo, F; Novikov, A. An improved approach to power losses in
magnetic laminations under non-sinusoidal induction waveform. IEEE
Trans. on Magnetics. vol. 26, 1990, p. 2904-2910.

11) Atallah, K; Zhu, Z. Q.; Howe, D. An improved method for predicting
iron losses in brushless permanent magnet dc drives. IEEE Trans. on
Magnetics. vol. 28, 1992, p. 2997-2999.

12) ARHEA, THIFE elff— wREBE, NI 7Yy FEOE—
5 TR, IS8k, vol. 34, no.2, 2002, p.85-89.

13) Zhu, Z. Q.; Howe, D. Instantaneous magnetic field distribution in
brushless permanent dc motors—Part II: Armature reaction field. IEEE
Trans. on Magnetics. vol. 29, 1993, p. 136-142.

14) Toda, H.; Xia, Z. P; Wang, J.; Atallah, K; Howe, D. Rotor eddy-current
loss in permanent magnet brushless machines. IEEE Trans. on Magnet-
ics. vol. 40, 2004, p. 2104-2106.

15) MAFFE—, JTEEE—O8, AROTRE, FUAAR, ol H g B S T L —
BRI EBHEOMIE. B LEED. vol. 121, no. 11, 2001,
p 1176-1184.

WANG Jiabin

HOWE David

JFE Hi#t No. 8 (2005 4% 6 H)



