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Analysis on the Rotor Losses in High—-Speed Permanent Magnet Synchronous
Motor Considering the Operating Condition
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(Seok-Myeong Jang - Han-Wook Cho Jang-Young Choi)

Abstract - In this paper, the rotor losses in high-speed permanent synchronous motor (PMSM) considering the

operating condition are discussed.

In order to maintain the mechanical integrity of a high~speed permanent magnet

machine rotor intended for high-speed operation, the rotor assembly is often retained within a stainless steel or
Carbon-Fiber/Epoxy sleeve. The sleeve is exposed to fields produced by the stator from either the slotting or the mmf
harmonics that are not synchronous with rotor losses. On the basis of analytical field analysis, the rotor losses are
analyzed. In particular, the no-load, rated with air-cooled, and forced water cooled conditions are considered. The results
are validated extensively by comparison with non-linear finite element method (FEM).
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Fig. 1 Flowchart of rotor loss calculation
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Fig. 2 Magnetic flux distribution for time and space domain
under no-load.
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Fig. 3 Magnetic flux distribution for time and space domain
under on-load.
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Fig. 4 Magnetic flux distribution for time and space domain
under water cooling condition.
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Table 1 Time and space Flux Harmonics under no-load.

Space Time Order
Order 12 24 36
9 0.0030 0.0001 0.0001
11 00127794 0.0000 0.0000
13 00140 7 0.0000 0.0000
15 0.0013 0.0000 0.0000
21 0.0000 0.0013 0.0000
23 0.0000 0.0067 0.0000
25 0.0000 0.0062 - 0.0000
35 0.0000 0.0000 0.00197
37 0.0000 0.0000 $ e 000167
Eid 2 34 HHBSIA| Al - B2 XSYUze| nxmt
J = 6A/mmd)
Table 2 Time and space Flux Harmonics under on-load.
Space Time Order
Order 12 24 36
3 0.0004 0.0001 0.0001
5 0.0015 0.0005 0.0003
7 0.0018 0.0004 0.0003
9 0.0036 0.0001 0.0000
11 e 00]40“&,% 0.0000 0.0000
13 SE00147.. 0.0000 0.0000
15 0.0012 0.0001 0.0000
21 0.0000 0.0015 0.0000
23 0.0000 0‘-.006'8‘*’*‘% 0.0000
25 0.0000 0.0000
35 0.0000 . 0.0019™
37 0.0000 0 oooo 00016
E:d 3 Td F5IA Al - 32 XYz el nxnl
( = 15 A/mm?)
Table 3 Time and space Flux Harmonics under on-load.
Space Time Order
Order 12 24 36
3 0.0012 0.0004 0.0002
5 0.0038 0.0011 0.0007
7 0.0041 0.0009 0.0006
9 0.0039 0.0002 0.0001
11 : «00194?“1 0.0000 0.0000
13 : 0.0001 0.0000
15 0.0003 0.0001
17 0.0010 0.0003
19 0.0012 0.0002
21 0.0015 0.0001
23 0007455 0.0000
25 0.0064 " 0.0000
35 0.0000 0.0019 -
37 0.0000 0.0016 ~ -
BHZUS MAY 1S YFXNY SIIHEV|S HHR & &Y
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= SESIAl BFA 24l E 6 59 st MR 24 (J = 15 Ammd)
Table 4 Rotor losses under no-load Table 6 Rotor losses under water cooling condition
Space Time Order Space Time Order
Order 12 24 36 Order 12 24 36

0.0289 0.0725 1 0.5067 0.1334 0.0443
0.0046 0.0467 3 18.6784 6.5259 47626
0.1011 0.0196 5 44,7057 14.9824 12.3261
0.0085 0.0446 7 18.5525 3.5172 3.3278
0.0190 0.0192 9 7.9242 0.0989 0.0603
0.0012 0.0001 11 104‘7968 7@‘ 0.0022 0.0042
0.0001 0.0003 1 S L1266 0.0026 0.0006
0.0008 0.0001 15 0.2217 0.0394 0.0106
0.0018 0.0008 17 0.0367 0.2820 0.0439
0.0235 0.0001 19 0.0189 0.2868 0.0206

0.2888 0.0001 21 0.0007 0.3597 0.0010

54963 0.0000 23 0.0000 0.0000
36574 0.0000 .25 0.0000 90 0.0001
0.0365 0.0000 27 0.0000 0.0345 0.0004
0.0012 0.0001 29 0.0000 0.0002 0.0029
0.0001 0.0013 31 0.0000 0.0001 0.0050
0.0000 0.0112 33 0.0000 0.0000 0.0120
0.0000 |e0.2782me 35 0.0000 0.0000 . 0.2830 .
0.0000 |t 04673 37 0.0000 0.0000 00166700
0.0000 0.0021 39 0.0000 0.0000 0.0022
Sleeve 94.3785 (W/m?) Sleeve 290.0344 (W/m°)
PM 0.4927 (W/m?) PM 14.3857 (W/m)
Total 94.8712 (W/m?) Total 304.4201 (W/m?)
400
E 5 3Y HAHRSA XA 24 (= 6 Ammd)
Table 5 Rotor losses under on-load "E
=~ 3004 SSSTimet2” Spacetd” .
Space Time Order 2 [ Time24™ Space23™®
Order 12 24 36 z [ Time24 Space2s”
1 0.0168 0.0002 0.0555 3
3 1.9538 0.9313 0.5006
5 6.7135 3.2159 1.8024 7
7 3.3870 0.7210 0.7264 2
9 6.5562 0.0086 0.0102 * ~ ] . \\\\\§
1 ' 0.0014 0.0007 o) M N\
13 i 0.0004 0.0003
15 0.1543 0.0050 0.0017 No-Load On-Load - Foroed Water Cooled
17 0.0040 0.0512 0.0086 O 6 2 Aefol mE BXA &4 54 (@ 28000 rpm)
19 0.0012 0.0796 0.0043 Fig. 6 Characteristics of rotor loss according to the
21 0.0000 0.3423 0.0001 . "
3 0.0000 YT 0.0000 operating condition (@ 28000 rpm)
25 0.0000 Jr%;i 37002-...] 00000
27 0.0000 0.0335 0.0001 sAAre] AAE HAA &4 2FAEL Inconel7l8 &
i? ggggg g:gggg gggg; BBolA 1256922 W/m® (98.26%), ATFAIAMelA 22145
3 0.0000 0.0000 00120 W/’ (173%) o 248&E wch
35 0.0000 0.0000 T 0.2781 ¥ 62 A(B/)RH AQD 218 4, ¥ 39 AaE FHE
37 0.0000 0.0000 #0.1671 st FojRA B FWA B ARaqAMe AR &4 3§
39 0.0000 0.0000 0.0022 AAE el FUAdE AFAEs 28 JbE Z5)
— steg, A7ZIR 2ol Frtsted AnE 123049 F
Sleeve T AmEsh 11, 133 AZazs uxelMe] Fhazs 23,
Total 127.9066 (W /m%) 253}, AZFnz g 363 ol A e "‘7]'_1__%1_-4' 35, 377l 4

AR £HEY F oul o] FUtEH, o] ¥ AsuE
zse] @A77} 535 e Blm o}°1 FyHoez &

REORAN

SHEUS DAY D& FIXMY SISl SMA 24 844
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Appendix Specification of analysis model

3 = AAA% 9@ 9 w3
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A 4= 28,000 rpm
Ao 3 phase
=+ 4 pole
A3z 9% 65 mm
DAz WA 346 mm
A 93 33 mm
- F7 2 mm
Z1AA FFel o) 0.8 mm
2G4z A 4ol 48 mm
=R NTE 12 mm
3 7 A
AAA 6 Moo
AFL=(ZATY)
g AYLS 1.25e-6 Cm Inconel718
gFAY A& 0.9e-6 QOm SmyCorr
= =1 § 0 (Ideal) Qm  Lamination
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