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Analysis of Rotor Permanent Magnet Shape and Rotor Material Influence
of High-speed Motor Rotor Stresses

WU Wenkun, WANG Bohan, CAO Li, YU Yetong, SHI Daolong, ZHUO Liang
( Guiyang Aerospace Linquan Motor Co., LTD., Guiyang 550000, China)

Abstract; Permanent magnet cracking is a common failure of external rotor permanent magnet synchronous
motors. In order to study the causes of permanent magnet cracking and propose solutions, the influence of
permanent magnet shape, permanent magnet and yoke material fit on the stresses on each part of the motor
rotor was considered in this paper, and the motor rotor was mechanically analyzed. The results show that the
stress distribution of tile-shaped magnets is better than that of rectangular magnets. The highest safety margin
of 56.41% 1is achieved when the magnet and yoke material fit is DT4/N35( EH). When the material fit is
DT4/SmCo28, the maximum stress in the permanent magnet exceeds the yield strength by 22.38% , resul-
ting in permanent magnet cracking. The results of this paper are of great reference significance for the exter-
nal rotor motor structural design and motor safe and reliable operation.

Key words: magnet cracking; safety margin; stress analysis
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Cogging Torque Reduction Method of Permanent Magnet Motor Based
on Optimization of Stator Structure

ZHANG Yanjun'?, YE Qianjie'”, ZHAO Xinchao'?, JIANG Ze*, ZHU Jian
(1. Wolong Electric ( Jinan ) Motor Co., LTD., Jinan 250000, China; 2. Wolong Electric Group
Co., LTD., Shaoxing Zhejiang 312000, China)

Abstract ; In order to reduce the cogging torque of permanent magnet motor, the method of stator teeth open-
ing auxiliary slot to optimize structure was studied. The mechanism and suppressing method of cogging torque
was analyzed theoretically. By using finite element analysis software JMAG, the simulation model of surface
mounted permanent magnet synchronous motor with 9-slot 6-pole was established, and auxiliary slots was set
up on the stator teeth. The influence of the number, position angle, depth and width on the cogging torque of
slot was analyzed, and the influence of simultaneous changes in dual parameters on cogging torque was ana-
lyzed. Prototypes was made for testing, to compare the performance parameters of the motor before and after
the slotting. The results show that reasonable position and size of the stator slot can effectively reduce the

cogging torque of permanent magnet synchronous motor.

Key words: permanent magnet motor; cogging torque; auxiliary slots; stator structure
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Comparative Study on Two-dimensional Magnetic Field Calculation
Model of Homopolar Inductor Alternator

HAN Kun', LIU Longjian®
(1. China Energy Construction Group Yunnan Electric Power Design Institute Co., LTD., Kunming
650051, China; 2. Faculty of Electric Power Engineering , Kunming University of Science and
Technology, Kunming 650500, China)

Abstract: Because of its simple rotor structure, the homopolar inductor alternator ( HIA) has very high reli-
ability, especially suitable for high-speed applications, in the pulse power supply, energy storage system, a-
viation power generation, marine propulsion system and other fields have a wide range of applications. The
magnetic field of HIA is 3D magnetic field, but the computing resources and time required for 3D magnetic
field analysis are too much. Therefore, a simplified two-dimensional model is generally used to analyze the
magnetic field of HIA. At present, there are four kinds of two-dimensional magnetic field calculation models
of HIA; scalar magnetic potential method, vector magnetic potential method, equivalent excitation winding
method and improved equivalent excitation winding method. Scalar magnetic potential method, vector mag-
netic potential method, equivalent excitation winding method and improved equivalent excitation winding
method have their advantages and disadvantages. In this paper, the above four two-dimensional magnetic
field calculation models were compared, their advantages and disadvantages were analyzed, and their appli-
cability was discussed.

Key words: homopolar inductor alternator; two-dimensional magnetic field calculation model; scalar mag-

netic potential method; vector magnetic potential method ; equivalent excitation winding method

0 3| = 705 R - Jas S TN O 87 b SR 1 7/ (S
W T T R R AN R K 2. Bk, X ER

SRR AL L A R, BAAER S R ALNEES ST — R TR A AR
A, RRAE M T RES S, KR, fERE SN TR BE S o0 A, S T e ALY
ARG, i kH . AEE RBEFOIAEZHN @, Ao AR, BN,

Wi HER: 2023 —10—12
EHEBN: # W(1990) %, ME, THRIF, ETE2RFELREANRLEL BRI,
x| &3 (1989) B, M, BHIF, AR d A 3R ST R



444 BB T AL AR R X LB <11 -

BT hr 2 KAE /RTS8 E. A Exdelyi 4%, Xt
B T HUHLAR T 1) % 3 W G AT A E 9 . I e
58, EEETWMITYE, —MERERAE, 5
— R R REAE . B AR LA g R ol
KEFEFAER R R 2E, 1 TSRS43k,
TN - HLAIL = 410 37 53 B U 5 Sl — 4E TG 35 O BT A
TRHS20T S e o N T R LR T G LR A, T
DA R oF v HLAE 7 BT 1R . 1A 45 E AT A0 1k %
TR b T T X S T LR R 5 20 A
RIS s BT IRRON T W WL SO 76 1 B 1 10 T
FZE AR ARRE ™, LR 1~ Fi WL 4 O B 5
ASGERINT P T B AR O B VS D L R | A A
SR T I RE s TR T LA e
B EER DL R B, T RN L BIL ) IR A e R
TR RIS BT

AT RN T H AL 2 1 3 1Y D e R A AR
TR, 38 T 45 B DL Ek &, % I A PRk T
Titig.
1 fR=E#ALLE
1.1 srrissy

PREEREGL I A0 BT RN 1 B, TG 24
72 R S F I REAE SR L R E B T RILSE . G
JIERTE T 5 AB FICD, HiE AB FI CD i /£ B934

P

DA =Py (1)

¢|CD:0

1R R LA 437 X 4k
X, o e o BIFRTA AB #1CD F bR
Wi o @ FNINESELH P HE G 3
BEWE, W& T Tl B AC F BD,
i
B =0

(2)
B¢Im)=0

S, B, (B, A BIFRT AC FIBD FHORE
SN R B A J [ o3 i o b A BROTIE (B A2
Mw, BEZAFTIS AC, BD A ARG 2,
PRIV GBI
1.2 ERESH
PR AR Z 0, A LK & 2 B s 1

TSR i X I 4 16 3 Bz i SR i e, DR A it
I B TR M B2 i AR /. 245 25 TR A B0
A, i T R A AL A A, 5
AC. BD WIREAN PRl 2 X PR A A BT IE] 2 B
R N\GFZ AU RN i T RE S o0 b, s B A
SEANPE 4 s B gy 2 — AL R . [ 4 Fir s i A
B, IR A AC H BD g B % 2 SR 3
[EB2E LA

Byiac =B,

Brl AC :Br| BD
A, B, w1 B,y 235l F7n i1 5t AC Hl BD B #
SRV R AR ) o . R

®iac =@ =0 (4)
A, @ acfl @ e MZFRIA AC F1BD _EiybR
RS

(3)

" (3]
~
~
.
~
~
~
~
.,
=
~
~
~
~
~
~
~
~
EY

————

~
~
~
~
= N
—

B2 5d T AL BRI 15 20

]

C D

B3 AU BRI A
RN ERG SIS AC 5 BD XA A5 B b5
fio bR, BN, #ILFT TR AC, BD
JEITEL B A E B RRR TG Do 28 = ARG ALY 5 L



12 - e i 57

WAL S5 T EME AR, AL TR
AC, BD, X Fhrifi, AMRWAL; M4 = MH5Hm
B ST E A, B TEE TI
FLAC, BD, 5 ESR AR B A AT

SCUGRLL R B2 I 5% B U A BEAUL, [ AB
CD 31 5 izl f2 (01 57 26 A

@ =A,sin 0 (5)
®iw=0

b, ARG A AR R A R R e, dE
TG it L G S E

KIS ERET0E T3 T0T5 KN — 4o iRl
TR R B BT A R, 58 42 2 W 4w
JE TR ERBER R, LA ROE TIT R UG
HIFENE , AL RIIA R i - FEE 1 B G 3 D o 95 RIF
HE T, W R AL % 3 73 B A5 B T 3k —
AR RIES R
X TR RO, T BUA A BROTEAE,
AR A, SR R R B RGO E, BOA HE
ISR EAT, T B s b it 5 AL Y L DL R i R
A1, JHRSE A S B 7 1L BIHOR i o 8 R A BR 22
OREIAT BB SR A o BRI S b
Wy B 22 ] B0 IO 2R K
Poag € Petee
B<—D
HoFE

(6)

pere
I, g B @y 53 N F 7R A it 0 5 FIBR B LAV B
FORMEIRN SR, D FoRAiBRE, H KRS
SREE, EFORHEREE . u Ml e 23RN G T AR

ARG . L, bR i A7 kR 15 /9
GER, BRHONREN, XA FAOC R AR -

BHiE (7)

1.3 FE&R
PAl— B 8UE A4 100 kVA, € #2000V,
WRSECN S BT AL B, SR ATbR 07 1% (br
RN, IR MBES R 6 Frs. Hd
HULAY 2 2R 20Nk 1 s,
F1 BEFEIENILARTSH (mm)

S P
& T A B4 D,/mm 25
HYHMNEEARZ D,/mm 241
EFERCAMNA ER D,/ mm 368
WL5ESME B D,/ mm 420
ETHROKE I/mm 109
SBKE §/mm 2
T msE A8y 0. 66
B
e
B
= = i
/ =g
N =
NEYS 14.0

RACERRAN 555757

L
S o—
y \

DN 555

(c) 2L A 1 B b

K6 trimi kit BB ms sy



444 WM BN T L AR R (%) BT <13 -

2 REWILE
2.1 SR
LU S0 TR R Ty e § A VAR Y AR R WA=
WS, SRS R I R IR 5% i I U,
B IR G IR o AT A I, S 2R AR
REDLRY T ¥ o SCHR L 17 ] AP (s T A JE 2 K R V5 o
Rk, RERAL AR FEIT
AB, CD I FARFRIN T, #ENLRTEE THFH AB,
CD, HIIGET AR 2, KA, AC, BD i
SRR VS PE = R BRI, G SR R Rl A A
B,iac =B,
B =B m (8)
GEfCIEEY
A1|Ac _AleD :K<p (9)
P, AL ALy 20 R L AC HTBD B R
WAL, K BB e iR R, rad—A
A S X IO ) AR T ) 308, b il Tk G 20 P DR A
LG R RILRIE
RS Rz N LR S AL BT 4 A VAN
HAR], A AR
(1) SZ PSR AL 05 RE H i 0 B 5 e+ Bl =
wI, WAL AC, BD IR
(2) ZZ P GE AL 0B R 3 i o7 B 5 e 1 S Tl
G, BB T AC, BD A,

K7 REREALIER Yo i
Xt S Al LA S A5, B aed A A A X O ) 7
B ST &, NIEA A AC, BD XY A7)
KA AN, TEABRICHE Ansoft 1, #RTNAY
HF R AWVER T (B, = B,,, B B, 3538 %
ML TGRS TR ), FEA BROCEKPF Ansys w1, I
T3 5 R 1 5 X R S R L AL

PONE R SR IO FRIE 17 S O b /4 EP O DA LR 1
T ARG ASE T, Hi 5t AC, BD X N9 S Y
KAWL AN, FIERIWE N LFAT TR AC,
BD, [Nt Ft AC 5 BD EFA Y s iy KL A,
S, NIAEA BROCEE Ansoft USRI 41 57
A =K, Ay =00 TEARICHAT Ansys 1, 31
G AC, BD XS R AL A, 20 R AR5 e
(9)o b, KAt EAX N
K¢=%F’%)\T “TpDr (10)
AP, we WESWSRE, A AR — R
PRAME, p AR B F o = FH G4 ik 3 %5 R
5, HitHAN
F =3Ni‘;“" (11)
b, VORISR A BRI AL, b, SRR
B, i NGRARRL R IR (. A AL E I A R A B,
FEAC, BD XFREY R RGO AT EE R AR
TRE(9) MTTRE(10), i T A FRICEATF Ansoft A fE
XY 5 H R T R T 29 3R (Ansoft WA R B 1 2
A, WK, =0, SEBR K, 2RSSRl H A SO i 45
%), P2 A RIC Ansys APDL # {3 i X 14
SRR BN AR AR AR
ARG AL A, Xk T s e 457 A0 R 37 AR 2
WREINBFE CD LI A G AB Frx i i [ T 42
R/NBI IR o JRL S 20 5 2% P A B o B ™ A
W5, A, SRR KN ARE R A R
PR U 2, BIVAS BB 2 /) LA RE 4 I B 3 2 57
TEESIRY 3D BRI, Rk AB Kb s 1 4R AR 10
THEE, SRANEE B AN, SR R DX A
WIRESE AR /N AR = e T A R, w14k
TEPAR S T Tk R A B W R R
P, — BN i B A2 e TR 42 . A
SRR BUS I, FE T AMEE S AR,
AL 1 1 AR B AT RETE BT AN
2.2 fE&ER
RMRRREAL Y, RS B A 23 2% R K R
WA RANIE 8 s, WML SE 2805 2R i i
RIS Bl R LA ] o ANTHIRE A5 SR AT LR
H, REMEAIETH AT B A 25 B0 S 45 R DA K R AKX
S 135 2R b R Wk R 25 R A )



14 - # @ A 1%

Blteslal

1. DO e 000
9, 2850e-001
85715001
7,857 3e-001
7. 183 1e-001
6. Y288e-001
5, 71%6e-001

5. 000%¢-001

' 8. 2861e-001 | ¥
3.571%-001
2.0577e-001
-1

Blteslal

8c

2BBEuESGC
s asf

Beggst

¥EA R

FERD N EE D

Fnro@a

r§~

T =
2 ;°=_:
T
Bheshig

Blteslal

4. D100 001
3. 7554e-001
3. 5080201
3, 2582¢-001

3. 0075e 001
2.756%«-001
2. 5063¢-201

2. 2557001
2. 0050001
1. TS5Wye-001
1. 5030001
Y 1.2591e-001

1.0025¢-201
7.5188¢-002
5. 0128e-002
2. 5%083e-002

]

() 22l L R R
8 Rikfh ik AR B G A
3 ENRhEESAE

3.1 SiREl

WG B Hr, X Fhs ek, g R
ABRICIE A BR2ZI0E, EA AR DT [ #AE.
B, SCHRL18 2 i T —Fh sl Se A iUk, #
Sl R 11l i e 2E P 55 ML) A5 W LR ARL 1Y il i 5%
AR, NITE A LA N E AT G S . 45
UGS LI s TEEANIE 9 B o

M9 wTLUE th, SR RESE L%, IR m
O3 R BT 2k ATl G % 2T A R A A ) E T
LR, AR T, RIE 2w TR E =
WA I B, 2l 1 A [l 21 Ja %S¢ 41 B 1
WERR LB E TAb o ARG L BRI 2R RRIE, AR AL
VTGS AIERE R, B e e SR 4 07 B Ho At
REEIRAEAR S, HR/NE ARSI S5 20l

K9 Al Se ik o ki iy
WESRAIER i X UE T 9, OA 55 OB BT
SR X, I H U T O T LS 2
53T o
3.2 fHE&R

RV wE G, THHAS B 2 B0 45
RANE 10 s, LRSS0 R b g Ak it
TR AU . MITEZCR TR, %
RUNRESELHETT AT B 0 = B 45 -5 % b i
A 12 B A RAH TR

10 SR e B B 5
4 BAFWRHEAE

4.1 SRR

MESCRAT LA Y, S5 28000 il 58 405 A A
REF T2 e A 0, AFAEARR IR PR P,
SCHRL20 J4R T ek i S5 i e e i vk, LR L
B LT s o ROV AU ML A4 P e 1B 72 2 1)
— Ve FEAR B AR SR AL, AR
WESEAL R R T 10 RH B o PR ML A58 20l 1] < 2 Dy A
ETHROIKEE,

4.2 HEZR

RSO S B v e vk, A B A 25 M
HURK S D E A RN AL 12 fs, LRGSR
FIbR R R AE LTS e A s LAR ] . R LR
SRR SRR R S 2L 12 K L2 A P A T 3 [ I 2



4 14 HhOBRAE . OV RN AR TSR 1 X LA AT <15 -

BN SO S5 R i SR 20 35 e
JEREL, FE— S TE X AR R R, A A R,
BRI 23590 %8 D AU ALY 2 A7 B0 0 DU A 2
THRAT S B0 2 800 EL S b rh XS IO Al 0 A
Lol 13 ~ B 15 fR.

Blteslal

3. D0D0e 000
7. THS Tl
2. 871404000

{a) 3

Blteslal
. TSaGe -1
. 4OZ1e-00L
& 164Te-001
3. B672e-001
3. 5697e-001
1. I72ie-001
2, 9TwBe-001
2. 67730001
2. 3790e-001
.0823¢-001
1. 7049001
1. 90Twe-001
1. 1899001
8. 5248e-002
5. WiSe-002
2. 9TwBe-002
1.0132e-010

Bltesial

5. 0518¢-001
3. T986e -0D1
3. 5453e-001
3. I921e-001

5.0089e-001
2.7056e-001
2.532%e-001
2. 2791e-001
2.025%-001
L. 772Te-001
1. 5194001
1. 26620001
1.0130e-001
7.5972e-002
5.0098e-002
T.550ve-002
. 90%e-009 |

(e) 2L AR BL 1Y
B 12 B SERi g AR B RG34 A
ARVE W, TSR, Bbs i
RARENL N 5B RE SR AL RS B A A PR
Bmg e i, 5 WOk A AR R R AL W A R IR AR )
o [FIBE, XSS Bl X SN B REE , R
BL SRR S S5 Rl B8 A 25 1T 5045 B 2 A W 2
BG5BTt S AR i 8 2 v A 4 SR

ZNY/REIDO IS aE R R LR AN S TR A VAN
SRR S SR W G 2 % A B A B e
AW o REAR R AL R AL S S5 SR ik
TR RN A PR 9 B 5 0, 5 Bt 2 kil
WSRO A R A BRI . =R, HAE
RS T S A T A e, SO S R i R 4
%, TR R RS AR ER O R, Tk
JEE R AR R LR B, AR B
i B 0 X S AL R ) 2 ) 25 SR R

IF

TR P o]
0.8 E‘ifr__ig . Tokaen ﬂrv_
0.6F — R ‘
= T R R
B 0.4F
& 02f
T ob Wocssspuipisssons i
& g
=021 | ;
iy \
?3 ~0.4¢ i j
-0.6F ' AROA R ;_
FAPEAWCI T
—0.8F LS

0 50 100 150 200 250 300 350
AL e (0 )

K13 A5 RIBEIA0 A  F) 2 28 B 2 0 A

0.15

0.1F
0.05¢

AR R ST

0 50 100 150 200 250 300 35C
P R ()

P14 SRR 2 Y T A SRR A 1 B
T s 53 A

0.15

— it
— &Rt
0.1F

0.05p

R RS T

N & 2 i :__;. .
0 50 100 150 200 250 300 350
W R (0

15 A RBE I T3 21 1 52 il PR A S R e 1) B
i 5 53 A

5 & i

=H

AR SOOI WL B 4R 8 7 ) A ] G348 7
Fr T3S e DURR — 4k 8 3 SRR R A X L Ik

2. ATLAE H, BRAFRUMBESEARAN, R =

FOOFIEYI N % 82 B BRAE I . SF Ui h SR 4Lk
HEEMI T TR, Mibs i wE Ak . R



- 16 -

i € L

57 %

5N R Ui e 20 k34 T T S 3 B G
ZATINILER /11 S 2 AN S 2 B TN AR N (SR e 11474
DA BE T TE LU 0 AT ISR o X T bR G A
% T HLAC M K S L S, Ansoft FPEANBE TN I
ARG, HAERE LT Ansys APDL o X F
KWL, 5 ARG E A A SN 37, An-
soft HAFAREM_EAHRLIAF AT, HEERFEIT Ansys
APDL #cff o X Tt S Uik Sk, Joik B I8 H
P A BN, OB S ) LR S, A BE R LI TR
T 3 %o LR ) 5 T 2 B AR

R2 W "ERGITTEREAITLL

N o sk
LINTER A RGN e b
TH OEREAR SREAR AR SHROA
BERIRIE BB G BT IR
fe, g . RS fo, B
MR AR ARERS BT SRE
T T T T P A
WL, T R, 8 it
W, PR TR
AB, CD i
R, i
R M M AC. BD 3
iﬁ s P Y 2;% BlAEsh
AC. BD MR st
R
W
KO 18
TR R
AT BRI DA k%G
o TR S, v TR A
Mg R B W, sl BHERRE B SO
Ansol BPER MBI B MR
SE L AR R
s

S 3k

[1]

Zhang’ao Ren, et al. Investigation of a Novel Pulse CCPS Utilizing

Inertial Energy Storage of Homopolar Inductor Alternator[ J]. TEEE

Trans. Plasma Sci. , 2011, 39(1): 310-315.

[2] Zhangao Ren, Kexun Yu, Qingming Xin, et al. Performance of
Homopolar Inductor Alternator with Diode-Bridge Rectifier and Ca-
pacitive Load[ J]. TEEE Trans. Ind. Electron. , 2013, 60(11):

4891-4902.

[3] Qingming Xin, et al. Inductance Mathematic Model of a Homopolar

[4]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Inductor Alternator in a Novel Pulse Capacitor Charge Power Supply
[J]. IEEE Trans. Plasma Sci., 2013, 41(5). 1231-1236.
Qingming Xin, Kexun Yu, Qilin You, et al. Repetition Pulse Char-
ging Characteristics for Homopolar Inductor Alternator with Rectified
Capacitive Load [ J]. IEEJ Trans. Elect. Electron. Eng., 2015,
10(1) . 44-49.

C Ye, K Yu, W Xu, et al. Optimal Design and Experimental Re-
search of a Capacitor-Charging Pulsed Alternator[J]. IEEE Trans.
Energy Convers. , 2015, 30(3) . 948-956.

Kexun Yu, Longjian Liu, Xainfei Xie. Design Consideration of Eddy
Current Losses for Rotor of HIA with Rectifier and Capacitive Loads
[J]. IEEE Trans. Plasma Sci., 2018, 46(8): 2949-2953.
Longjian Liu, Kexun Yu, Xianfei Xie. Analysis and Test Efficiency
of a High-Power Pulsed Power Supply Based on HIA[J]. IEEE
Transactions on Plasma Science, 2019, 47(5) . 2293-2301.
Songlin Guo, Kexun Yu, Lidan Jiang, et al. Optimization of Design
Method and Experiment of A Repetition Pulse Charging HIA-CCPS
[J]. IEEE Transactions on Industry Applications, 2023, 59(1):
745-758.

Tsao P, Senesky M, Sanders S R. An Integrated Flywheel Energy
Storage System with Homopolar Inductor Motor/Generator and High-
Frequency Drive[ J]. IEEE Transactions on Industry Applications,
2003, 39(6) : 1710-1725.

Yang J, Liu P, Ye C, et al. Multidisciplinary Design of High-Speed
Solid Rotor Homopolar Inductor Machine for Flywheel Energy Storage
System [ J ]. IEEE Transactions on Transportation Electrification,
2021, 7(2) . 485-496.

C Ye, ] Yang, W Xu, et al. A novel Multi-Unit Outrotor Homopolar
Inductor Machine for Flywheel Energy Storage System [ J]. IEEE
Trans. Magn. , 2018, 54(11). 1-5.

Jiangtao Yang, Caiyong Ye, Shoudao Huang. Development and A-
nalysis of an Outer Rotor Homopolar Inductor Machine for Flywheel
Energy Storage System[ J]. IEEE Transactions on Industrial Elec-
tronics, 2021, 68(8): 6504 - 6515.

K Sivasubramaniam, E T Laskaris, M R Shah, et al. High-Temper-
ature Superconducting Homopolar Inductor Alternator for Marine Ap-
plications[ J]. IEEE Trans. Applied Superconductivity, 2008, 18:
(1): 1-6.

K Sivasubramaniam, et al. Development of a High Speed HTS Gen-
erator for Airborne Applications [ J]. IEEE Trans. Appl. Super-
con. , 2009, 19(3): 1656-1661.

Longjian Liu, Kexun Yu, Xianfei Xie. A High-Temperature Super-
conducting Homopolar Inductor Alternator with Slotless Stator Core
for High-Power Pulsed Power Supply[ C]. IEEE International Con-
ference on Power Science and Technology, 2023, 151-156.

Trutt ¥ C, E A Erdelyi. No-Load Flux Distribution in Saturated
High-Speed Homopolar Inductor Alternators| C]. IEEE Transactions
on Aerospace, 2007 417-429.

K E Schenk, E F Fuchs, F C Trutt. Load Analysis of Nonlinear
Homopolar Inductor Alternators [ J ]. IEEE Trans. Power App.
Syst. , 1973, PAS-92(2) . 442-448.

Fu et al. A Novel 2-D Simplified Model for Investigating the Rotor

Shape of Homopolar Inductor Alternator [ C]. Sixth International



4 3 BB T AL AR R X LB <17 -

Conference on Electromagnetic Field Problems & Applications IEEE |
2012.

[19] X Fu, H Li, D Xu, et al. Analysis of Air-Gap Magnetic Field in
Homopolar Inductor Alternator by AM and FEM[J]. IEEE Trans.
Magn. , 2015, 28(3): 1-4.

[20] YangJ, Ye C, Liang, X, et al. Investigation of a Two-Dimensional
Analytical Model of the Homopolar Inductor Alternator[ J]. TEEE
Transactions on Applied Superconductivity, 2018, (3): 1-5.

[21] Landgraff R W, E A Erdelyi. Influence of Airgap Curvature on the
Flux Distribution in Saturated Homopolar Alternators [ J ]. IEEE
Transactions on Aerospace 1964 (2) : 904-912.

[22] Hopkins R E, E A Erdelyi. Optimization of Rotor Tooth Shape of
Aerospace Homopolar Alternators[ J]. IEEE Transactions on Aero-
space, 1965, AS3(2): 12-17.

[23] Siegl M, V. Kotrba. Losses and Cooling of a High-Speed and High-
Output Power Homopolar Inductor Alternator[ C]. Fifth International
Conference on Electrical Machines and Drives IET, 2002.

[24] E A Erdelyi, R F Jackson, S V Ahamed, et al. Eddy Current Los-

ses in the Rotor Teeth of Aerospace Homopolar Alternators[ J]. in
IEEE Transactions on Aerospace, 1965, AS-3(2). 24-31.

[25] A L Jokl, L T Amstutz, E A Erdelyi. Nonsymmetrical, Nonlinear
Aerospace Alternators on Nonlinear Loads[ J]. In IEEE Transactions
on Aerospace and Electronic Systems, 1975, AES-11 (3 ).
298-315.

[26] Siegl M, E A Erdelyi. Damper Bars and Their Influence in Operating
Homopolar Inductor Alternators for Aerospace Supplies-Part I Deter-
mination of Saturated Time-Dependent Reactances[ J]. Aerospace &
Electronic Systems IEEE Transactions 1973, AES-9(6). 925-931.

[27] Siegl M, E A Erdelyi. Damper Bars and Their Influence in Operating
Homopolar Inductor Alternators for Aerospace Supplies - Part II.
Subtransient Reactances of Saturated Homopolar Inductor Alternators
with Damper Windings[ J]. IEEE Transactions on Aerospace & E-
lectronic Systems 2007, AES-9(6). 932-939.

[28] Z Lou, et al. Analytical Calculation of Synchronous Reactances of
Homopolar Inductor Alternator [ J ]. IEEE Trans. Plasma Sci. ,
2015, 43(5) . 1462-1468.

(B35 9 1)

BN VOB B IR S, BT, T
T B 5 A5 R U e (50 A JIr AR A, e s {1 o
K 83% , 2k, 3 K. 4 YOI IREEE O,

18—
isho S RIFA
P &2 JFHi
s 12p i
z :
2 i
=2 H
= 6k E
sb i
7 .
LA o T
1 2 3 4
Wik UK
12 FFAGTHT S R A T L
4 % iF

ARILUU—G 9 M 6 WM oMNE T K #E L
WXt SR, RAAROT ik, Oh5E T e e
TR B B AR R R L DA R B A T AT
IR T E TR B G . WAL E A M AR
BERS AR A S M AL, I R AR AR L 1 EL 45 2R
HEATI IR . 45 RRH

(1) R 1A PR TS50 36 114 Al B 9 T LA 3 AR K
UL DB AR, OAT 2P 119 DK/ 55 Al B A 14 R
LA R, AR EEFEAY, RS
HUHLAY A FE 0

(2) X TASCHISERI AL, TE5E T 14 FBIT B P4~ B
i, WO 70, MESEE 4.2 mm, HYTRIE 0.4 mm,
PRI 84. 6% o

(3) Xt Al e AT AL BT i, RATZ S8
[l AL B — SR T 2 2 15 2 doe A

S 3k

[1] ®WAa%, S, Mm%, 55 X P E SOk
[ 5 i HL R AR g e [ D] B biL, 2021, 54(7) : 50-54.

(2] EHHE, X0, A 58 0] SR RGP LI R LRSI [T ]
RS IS, 2023, 8(10); 1153-1158.

[3] Z‘ETE. BT B KRG oL R s m oy ik wt e [ ],
H IS, 2022, 48(11); 106-112.

[4] FilEW, 2R, MR, % BRI T N & Xk
A E RS SR IR S M IO (T T E AL LR
., 2022, 42(14); 5289-5300.

(5] Wkfbze, BRBE, X%, 5. T EOEAEF RO PMSM
MEEEHEFIEL ], SRR 5RE, 2022, 41(8): 102-106.

[6] XI&NI, Moz, fkEB, 5. EHB FJCH B AL T4
MR )], R M (A ARRER) , 2022, 49
(2): 38-46.

(7] B3, 20, 2R ARIE F B b 45 5T 2 B0 ik #é
ALEERERSZ I [T ], LSRRI, 2022, 49(2): 54-59.

(8] =EERH, ZRmelk, FFBEAR, 5. AEXFR V BRI AL N E 20K
WERD ML R Bk B a3 BT [ D). LS 5l 24 4, 2021, 25
(9): 112-120.



$57% B4 i @ AL Vol. 57. No. 4
2024 4 4 A MICROMOTORS Apr. 2024

ETHEBSERMNANIMER KB & BYLE
=i E &R 5

& A, R A
(KIS DAL, T K 116028)

M OE: FXURBERE LSS PLIRE R GE AP A7 AR NLE A | P RS BE AR G PR 22 AR AL, ARG T — il
IR RS B, RN R AR RO, R ATET B 3 BOi MO8 s LA TR 5T, 4T 7R s 1Y
IS T RGEEIR; Hk, FEp B AR S BOa i Al BBt Ay S A i o B il a4, b — PR RS
HAWIN; Fefm, BOF— RS RIR S &, I T Landau gL A & N PR IESR L — R ORI S M SR,
SRS ARG S A E PSR A, PR R G A P AN T P P AR, BB AR
18 R G RERS A SR o RGBS IR RE . 4 RS BE A5 R

R KWEFA AL A AR R s R s I RSN AR

hE 45K S TM351; TM341; TP273 akbRER: A XEHS: 1001-6848(2024)04-0018-06

Sliding Mode Speed Control System of PMSM Based on New Reaching
Law and Disturbance Compensation

WEN Chao', QIU Nan'
(1. School of Locomotive and Vehicle Engineering, Dalian Jiaotong University, Dalian
Liaoning 116028, China)

Abstract; In response to the issues of slow response, low control precision, and poor robustness in the tradi-
tional PI speed control system for permanent magnet synchronous motors, the paper proposed a novel sliding
mode speed control system. Firstly, a new variable exponent approaching law was introduced, and a novel
segmented exponent-type function was employed to optimize the switching term, enhancing the approaching
speed while attenuating system oscillations. Secondly, based on the new approaching law, a non-singular fast
terminal sliding mode speed controller was designed to further improve the system’s dynamic response. Final-
ly, an improved extended disturbance observer was designed, and a cascade disturbance compensation strat-
egy was proposed based on the Landau discrete adaptive identification algorithm to achieve feedforward com-
pensation for uncertain disturbances affecting the system, further enhancing the speed and disturbance rejec-
tion capabilities of the speed control system. Simulation results demonstrate that the designed sliding mode
speed control system effectively improves the dynamic control performance, control precision, and robustness
of the system.

Key words; PMSM ; sliding mode controller; nonsingular fast terminal ; approaching law ; extended disturb-
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Magnetic Levitation Ball Adaptive Fuzzy Sliding Mode Control

SHEN Hao, LI Junfang
(School of Automation, Tianjin University of Technology, Tianjin 300384, China)

Abstract; Magnetic levitation ball system is a typical open-loop unstable system with nonlinear characteris-
tics, to improve the suspension performance of magnetic levitation ball system, the direct adaptive fuzzy slid-
ing mode controller is designed. Construct new type integral sliding mode surface to ensure state variables
can be finite time convergence to zero. In order to eliminate the reaching rate function of discontinuous chat-
tering problem, designed specific adaptive law, using adaptive fuzzy control for switching to estimate. The
simulation results show that adaptive fuzzy control can effectively estimate the switching term, greatly weake-

ning the chattering of the sliding mode, thereby proving the effectiveness of the proposed control strategy.
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Analysis and Reflection on the Abnormal Stopping Fault of a Certain
Type of Motor

LIU Yifan', ZHANG Zhaohui’, ZHANG Pengtao”, AN Bo’, YANG Peng’, LI Yu®
(1. The Eighth Military Representitive Office of Land Equipment Department Xi’an Bureauw, Xi’an 710043,
China; 2. Xi’an Micromotor Research Institute Co., LTD., Xi’an 710077, China)

Abstract; This article analyzed the fault of abnormal shutdown of a certain type of motor during acceptance
testing, analyzed and verified the mechanism of power MOSFET short circuit failure in the driver, identified

the cause of the abnormal shutdown problem, and took improvement measures. In response to changes in the

parameters of imported components, it provides a reference path for solving similar problems.

Key words: motor driver; fault; failure analysis; improve
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A Comparative Study of Position Sensorless Low Speed Start Methods in
Surface Mounted Permanent Magnet Synchronous Motor

YU Lihao, ZHOU Shigui, CAO Fengbin, LI Qiang, ZHANG Shunjie
( Qufu Normal University, Rizhao Shandong 276800, China)

Abstract; Due to the fact that most sensorless control methods for permanent magnet synchronous motors
operating at medium-high speeds use back electromotive force to estimate angle position and speed, this is
often not applicable at low speeds. In order to realize the low speed start of the sensorless control for PMSM
and switch to medium high speed, analyzed three low speed start control methods constant volts/hertz, keep-
ing constant ratio of current and frequency, pulse high frequency voltage signal injection. Open loop control
based on new V/F curve and voltage compensation, approximate compensation pressure drop of stator im-
pedance to prevent start fail. One close loop keeping constant ratio of current and frequency control and
double close loop pulse high frequency voltage signal injection control introduces weighting algorithm to
switch to sliding model observer. Finally, a simulation model for sensorless control system of a PMSM was
established and the simulation was established by using Matlab / Simulink. Furthermore, the simulation re-
sults corroborate the efficacy of the proposed method.

Key words: permanent magnet synchronous motors; low speed start; weighted method ; sensorless control
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Multi-motor Synchronous Control Method of Construction Elevator Based
on Embedded Technology

WANG Zengke
( China Railway 23rd Bureau Group Rail Transit Engineering Co., LTD., Shanghai 200000, China)

Abstract: To improve the automation control level of construction elevators, a multi motor synchronous con-
trol method for construction elevators based on embedded technology was designed, selected an embedded
chip with model STM32F407 as the embedded microprocessor for multi motor synchronous control. Using the
deviation coupling control method, the speed of one motor of the construction elevator was treated as a differ-
ence from the feedback results of other motor speed information. Set the speed deviation of multiple motors as
the speed compensation signal, and used a sliding mode speed controller to quickly converge the speed error
of the motor until it approaches 0, determining the motor control quantity. The embedded chip sends motor
control commands to the motor drive unit based on the motor control quantity. After receiving the control sig-
nal, the motor drive unit controls the motor operation parameters of the construction elevator to achieve syn-
chronous control of multiple motors of the construction elevator. The experimental results show that using this
method to control multiple motors of construction elevators can reduce tracking error and synchronization error
to 10r/min, and the synchronous control performance of multiple motors is superior.

Key words: embedded technology; construction elevator; multi-motor; synchronous control method; micro-

processor; deviation-coupled control
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Low-cost Ripple-to-square Wave Conversion Strategy Based on
Motor Bus Current

ZHOU Man'’, WANG Lixian’, JIANG Huagiao’, CAO Xiaopeng’, LI Donghui’
(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences ,

Changchun 130033, China; 2. Ningbo Shuaitelong Group Co., LTD., Ningbo Zhejiang 315157,
China; 3. Tianjin University, Tianjin 300072, China)

Abstract: In order to reduce the cost of anti-pinch control of automobile products, the ripple conversion
technology in the key technology of ripple anti-pinch was studied. A low-cost hardware ripple-square wave
conversion scheme was proposed. The sampling circuit, differential circuit and filtering circuit were designed
by using low-cost capacitance and resistance to effectively filter out high-frequency noise and DC components
in the signal. At the same time, in order to further reduce the hardware cost, a low-cost ripple-to-square
wave conversion scheme based on software was proposed. The hardware functions such as filtering, differen-
tial, and comparator were realized through software processing, thereby achieving low-cost ripple-to-square
wave conversion. Finally, the experiment shows that in the normal operation stage, the ripple conversion
scheme based on hardware and the ripple conversion scheme based on software can realize the ripple-square
wave conversion, and there is basically no error conversion problem. In the motor start-up phase, there are
two false conversions in the hardware ripple conversion scheme, and four false conversions in the software
ripple conversion scheme, which are far less than the allowable error of the system. Both low-cost conversion
schemes can meet the system requirements.

Key words: current ripple; ripple-square wave conversion; anti-pinch control; electrical machinery
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Performance Analysis and Calculation of Flat Wire Induction Motors
for Electric Vehicles

SHI Junxu', WU Shuang', CHEN Zhichu', HU Yongfeng', YANG Bin', HU Qiao’
(1. Zhuzhou CRRC Times Electric Co., LTD., Zhuzhou Hunan 412005, China;
2. Changsha First Social Welfare Institute, Changsha 410007, China)

Abstract; With the high-end development of the electric vehicle (EV) industry, induction motors (IMs) ,
due to their superior performance characteristics and mature manufacturing processes, have become the pre-
ferred choice for auxiliary drive motors in EVs. To meet the performance requirements of high efficiency,
high power density, and excellent NVH (Noise, Vibration, and Harshness) , flat wire winding is gradually
being applied in EV motors. In order to delve into the impact of AC losses on the stator copper losses and ef-
ficiency of flat wire motors, and to reveal the advantages of flat wire motors over traditional round wire mo-
tors, this paper took a self-designed IM with a peak power of 140 kW as the research object. Firstly, from
the perspectives of mathematical modeling and simulation calculations, the variation pattern of AC losses was
analyzed. Based on the changes in motor performance before and after considering AC losses, it was ex-
plained that AC losses of flat wire winding were one of the key factors affecting motor efficiency. In the simu-
lation process, to shorten simulation time, the application principle of a parallel transient solution algorithm
in IMs was introduced. Finally, the electromagnetic performance of flat wire motors and round wire motors
with the same stator slot area and rotor structure was simulated, analyzed, and compared. The results show
that compared to round wire motors, flat wire motors exhibit higher efficiency, power density, and better
thermal performance during operation.

Key words: induction motor; flat wire; AC loss; efficiency map
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Research on Sensorless Control for PMSM Based on Improved SMO

LI Ning', JIANG Xuehuan', ZHANG Dezhi’, ZHANG Jinliang', PENG Guosheng', DONG Wanjian®
(1. School of Electrical & Information Engineering, Hubei University of Automotive Technology, Shiyan

Hubei 442002, China; 2. Shanghai Zhikong Drive Technology Co., LTD., Shanghai 201806, China)

Abstract: A novel sliding mode observer was analyzed and designed to address the problem of high frequen-
cy jitter in the estimation of the back electromotive force of permanent magnet synchronous motors ( PMSM)
using traditional sliding mode observers (SMO) , which results in significant position and speed errors. First-
ly, starting from the principle of sliding mode variable structure control, the shortcomings of traditional SMO
control functions were analyzed. Secondly, a new control function was designed to improve the problem of
excessive estimation jitter caused by the use of switch functions in traditional sliding mode observers; Simul-
taneously using frequency adaptive complex coefficient filters to replace traditional low-pass filters improves
the accuracy of estimating rotor position and speed. Finally, algorithm simulation was built on the Matlab/
Simulink platform, and the simulation results showed that the observer can effectively observe and track the
motor speed and rotor position, effectively suppress high-frequency chattering, improve the estimation accu-
racy of the sliding mode observer, and improve the stability of the PMSM sensorless control system.

Key words: sliding mode observer; permanent magnet synchronous motor; high frequency jitter; sensorless

control ; complex coefficient filter
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Electromagnetic Design and Temperature Field Analysis of Offshore
Semi-direct Drive Permanent Magnet Wind Turbine

DUAN Zhigiang' , HE Qingfeng®, XIANG Shang’, LIU Chuangchuang’
(1. CRRC Yongji Electric Co., LTD., Xi’an 710016, China; 2. Xi’an Yonge Jieli Wind Energy

Co., LTD., Xi’an 710018, China)

Abstract; Taking the offshore 16 MW semi-direct drive permanent magnet wind turbine as the research ob-
ject, this paper studied the electromagnetic characteristics, cooling structure design and temperature field
simulation under unequal air gap conditions based on the finite element analysis method, and the results
show that the optimized motor can reasonably reduce the motor loss, improve the electromagnetic perform-
ance, and the cooling method combining water jacket cooling and air water cooling has good heat dissipation
effect. Through the type test, the rationality of the motor design was verified. The design of this motor has
played an important role in the development of large-scale offshore permanent magnet wind turbines.

Key words: semi-direct drive permanent magnet wind turbine; electromagnetic characteristics; cooling

structure ; temperature field
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Analysis of DFIG Stator and Rotor Current in Case of Voltage Swell and
Improvement of Reactive Current Configuration

WANG Yanjuan, SUN Xiao, LI Wanyu
(State Grid Hebei Electric Power Co., LTD., Tangshan Caofeidian District Power Supply Branch, Tangshan

Hebei 063299, China)

Abstract; In the high voltage ride through problem of DFIG, in view of the traditional GSC double closed-
loop control, the response of the outer loop to DC-link voltage oscillation is slow, and there is a certain delay
to the inner loop compensation; and the traditional RSC control has low capacity utilization rate, and in
HVRT, the reactive power injected into the rotor is insufficient, etc., this paper proposed a HVRT control
strategy coordinated by GSC single closed-loop control and RSC demagnetization control. The simulation re-
sults show that the HVRT control strategy coordinated by GSC single closed-loop and RSC demagnetization
not only effectively suppresses the DC-link voltage fluctuation in the HVRT process, but also injected reac-
tive power into the rotor side under the condition of ensuring power balance and RSC capacity full utilization ,
improved the RSC utilization ratio, and made DFIG successfully realize HVRT.

Key words: doubly-fed induction generator; high voltage ride through; DC-link voltage ; single closed loop;

demagnetization control
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