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Abstract

According to the performance index of a certain type of air compressor, this paper designs an ul-
tra-high-speed motor for vehicles with a power of 12 kW and a speed of 120,000 r/min. Firstly, the
external dimension parameters of the motor are determined according to the power and rated speed,
and the stator and rotor structure and materials of the motor are determined according to the
temperature rise, electromagnetic performance, mechanical strength of the motor under high-speed
operation, and the design of the motor with two types of windings is given. Finally, the parametric
modeling and multi-physics coupling simulation are compared with Motor-CAD software, and the
design scheme proposed in this paper is determined. The results show that the power, torque,
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magnetic field line distribution, temperature rise and efficiency of the motor all meet the require-
ments, and the design of the ultra-high-speed motor is reasonable.
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1. 5|

Tk PR A J 5 BOA B 1) R IS Y, BRIRE TR T3 H 28 MR, AR GV G Tl Sk 1) Bk
KRB . RIMTE A BRI B A IGES 18 BE R A TR AR R G, R} It R G0 O F F 2 L3R R AT 1)
MNEZ —, R RS, B0 RGN T R E R R B e YEER . B
WUBEA B S, B AN TS5 s LA RIE 7 o 17 FEATLAE S FRLOR B R G OGS A, A LB I 2 BV FEXT &2,
FRCTTRE— B R H BT AITF R BAR[L] [2] [3]. md /KRNI RE Em. SR m . MBUNER S, 1
NG EWKEEEZEN, EEMEMTI AR AR R L R, Sl ) 2 N TR R
rik[4] [5] [6] [7]-

Bl Ah oo} e i 0 a0 IR AL AL DI R, RS T AN I k. AL FH . IREERER
RGP S SR BLE S 1997 4F, 3£ Honeywell 23 5] JF AN OB & TAE, T 2003 455 3 [ A& 5
BRI R R e s 110,000 r/min e B0 A R AL[8] s 2007 45, — P HH 32 Hh DR S 1 O FH FL
ML e 7 ]l 28 Bl 2 it e e R i i S s, HoA% I8 30,000 r/min, FEAE 2013 UM TR 15 KW
11,200,000 r/min {48 w3 7k i FATLATE 7 1) S M 2 2 [9] [10]; Guillaume Burmand 25 A, & oA =0e
T, FRBRER S 1, Wit T — R E A 400,000 r/min [11]. AT R EALRE SR AL TS
WY B, TR TR 8, it 7T — 8 8UE IE )y 10 kW, $33Jy 10,000 r/min B g AL, FE
R T HAESHRAERE T HET AR S A [12]5 1 AR Tl K2 H iR e BH 5 i —F T 72
s B, R BRIG T R e B, B0AE T B 7 R AT AT HE[13].

TR 1y s AL 7K 2 A0 RE BRI B, 5 ESMZEBERIRR, F#il27E 60,000 r/min
DA P vl FEATLOX — AT, A G R AT SR T R AT S, B I R K T 2 v AL e e — R T
30,000~40,000 r/min, ELHLAFR R AR, HE DL 2K, AR 18 SRS S AL 77 2 — 6 D308 12 kW,
#£3M 120,000 r/imin (25 AL, BT H R L 1% 2 ALY REESR DB M L, R ) LI
TH AR LT 2 B E 0T 5, SRRSO B dE, SE T Lot S .

2. G HS Rt

B0 N SR AL A E LR A 380V, e % 144 120,000 r/min, #E Di#N 12 kW, K EEA 2.5,
WA 120 gfs, AMER TN 417%277%240, A EITTAKE .

FRAE SRR L F 250 32 R ATLAT M PR RE AR RN H 75 L0 BRSO, A ST AL 2R 2 =4
PG A D AL, BERIh R L 523 FEALUCHEE, FUEHA N 0.96 Nm, S9 TAEH], HAURE KT
95%. ARAEIHERATLLRIL, AKHER D LI RCE B 3R AE J o
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2.1 BHEERSTHME

R Th 2 VAT s 5 S B i e FEALI 2 T AR D MK Ly, ER SRR LA R . 115
HLFLIAAR S 3 B R AR 6 R A a(2-1) BT
y 681 P )
DI“'_a;KNmKWABJ n 1)
R D NETFHE, |, HRGKE, n B, o AIHRIREL AB AHRIARRE, K, N
SRR RIBTY R Ky, NI G R EL.
Hrb PRI, R TEREER P U 12.2 kKW,
AT 6 3 FUNL A [R) AT S PR B A1) DL S A PR 520, 6 PR 5 -1 9 4% D = 44 mm, ARG e = 65 mm.

2.2. BEREE TR

22.1. BFHRDLEERT

I LD E LR TR SR, (ERE TN RS R T R R B B TR
Mgt T A R R R DL R R vt Jo RS M R ra ML Ge 4 BB AR AE U AP, iR IS, BRI
AR, (HARRECR, B R AL, AR TESHHAE R R D RZ R LT PR AL
R, (B AR IR O, S AR RR TR, R 2 KA s . R
3 UL 2 W A SOk 6 A I I /DN, SRR XA, BRSO AR REAA R Y 2 i ) 2 M X
SET . N TR T IR, BRSO 4, WE TRECY 24 M. € TR E R ED
WORFIEAE, P EiRE T R O SR A i B 2 A, (R RER 11 98 4 R T 08 XU

2.2.2. BSHHRERE

RS ELE SR B A 1) 120,000 r/min, T RS AT AR R, AEAHORE S AR ELL
HARK, [N B A B RE AT LA/ 2 T IR AR R, DR A 06 B0 3 e ST B RE 2 Tk Co bR ek
AERFE . TR T LI B AR RS 52 T O BRI D B RE . A S8 PO M RBE £ LA R4 0.2 mm
f B20AV1200 EHUAIRERAT, 32 Roif it H OB

2.2.3. GREAFRIEEF

— kPR, WZSRALR G e  LL R ST, BANENL RS th AR, (B E T RO R
ZEMLAS A R O PR, FHLE T ARIRAN, REAXUZ SRS & B8 5 min TR, i Fodd (7 B LAk
B, (EAS ML R T RS TR AR, T Z S AR, IR ARZSRA TR, FR %
RS A T BB T R N 1R, FRE S = sl T E

Table 1. Design schemes of motors with two types of windings
= 1. ASARXNENRITAR

SR VE S HEZ
SN ok N AT HZ
HEEST B EK 2 2
Hi 2% N 42 /mm 0.35 0.475
PiRALiEA 27 15
[T % 8 8
(e ESE LN A 216 120
i % 0.4119 0.5731
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2.3 BEERE TRt
T e K LU e 1 B0 AR R R T S A LT RO Bt s X DL R K AR IR R [14]

2.3.1. HTFEMFIT

v 2 K P L3 3 E 0 R A 37 S R AR B RS SR R T A e R . A B SR BE R LR 2
TKHEAARN BN 7B A S, T DR S DR K i A B mT CASE 47 R TR BEL A, (L v g e 14 T
T, WERE TN RS R, MUK BREESHEO0, FHZERAREE. R
e WKL RS b, d T w0 AR R, KA SN N4 EOR ORI K BRI . A SCR A S8
O ARER NG 3O 7, XA GE A R AR I ZRAR, (H AT BURSZERI SRR IR, HAHFR#E 152 R g
A SR A B A e LA

2.3.2. EAHEEHRIERY
I L R 2 AR 4 W), VLIRS R e LI B IREESE, AR S R N
LR
p=n=f/60 (2-2)

Horb: p O EG n NHEBLBUERE; oYL -V .

IBAT AT HUAL BRI S 32 A SS AR WS AR FE IR L RE AR 0T H i ey T L E ik 12
JIE1r B, RO BOR R IME DY 1. RISy 2000 Hz. HROGHOE L 2 1N, FHLESIUA F) 4000 Hz,
R SRR DA E RS, AHUREE SR BT MCERFEC, T H DAL 2S5 A SRR A
KL, RS RTBE T A R LR £ 1.

2.3.3. BEFIPEMRSkEEME

2L F£33  120,000 r/min B, AT EE A 720,000 rad/s, EE T T O 05 AR T
BB . AR SCR IR R4 B Bk (N3BUH), X —Fh s B, =i il g 07K AT RL o s 1k BB R 7K AL R
A LAGE /N FEAR, WUNEEEEE TP A0, R ERT DS EE, BE T % &
A B AR FE o

TR PR R — 2K T 100 MPa, 7R SZ 8K & O 10 7 BAE T 4bn— E 3 BT IR
1o AT EMELRH TC4, FEEBSRETEFEMRINERE, FLEZEARFEREE T
FRETERE SHLMMERE . 7 RBIE TN 1 mm BB n, R\ T ERSRE RS R, RO T E
JEJE Ny 3 mm I LA

24. BYTHE

B HEMLRIIR, S ErE AR B s, S50 LA S B LR 3T B i, X
R AL ERIZE FAREE TEM SR TR DEEFRBARGER SR DS BRELERST Y, 446
HERE A RIS UGS BT, WhE & RN SR K G ED LR S B S HINE 2 s, BENARTET
HEEMLEEAT A BRCH BT B M7, 45 38 A s K i L A R T A A B
3. Motor-CAD {5 E & F
3.1. BIRTEMAHE

T J6fE Motor-CAD X PR i1 75 SREBEAT SHL @R, M LI TARRGE, XA, JRahi
AT R
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Table 2. Main parameters of ultra-high-speed permanent magnet synchronous motor
= 2. BeRKHEESENEESHY

S HfE ZH HfE

BT DI kW 12 BRGKE mm 65
HE RNV 380 ¥e7-hMaimm 30
A B3 (r/min) 120,000 W5t 4 2
BT HAE/Nm 1 TETHEEL 24
(VES 94.2% & JE [ /Imm 3
S FAME/mm 98 RS /mm 4

T AAE/mm 44 FKHEARA R N38UH

1. E 2 AWMEGE TR, (BB BIMHE =B, AR, 7R @ TR 0.9498 T,
SEFHIARE SN 0.8314 T; R _HETWEHEZE N 1.05 T, & FYIMHS N 1.03 T, R HIREER
K, AHRPFT EHE FHROEARBIEAINE, A TRACE T2 RN WA LA R
ATCUR IR AN T R R, o AT5), dERERE, JUTRA RSN, PRI R399 R st k.
FLIRGRLATRCE A B i [ RS, AR T BRI S R R R TR 8L A3 38R SRR ISR, 3/ SR AL IR IR T A0 FE

B[T
[ ]0.975

0.877
0.780
0.682
0.585
0.487
0.390
0.293
0.195
0.098
0.000

Figure 1. Scheme 1
1L FR—

B[T
[ ]1.061

0.955
0.849
0.743
0.637
0.531
0.424
0.318
0.212
0.106
0.000

Figure 2. Scheme 2
B2 AR=
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K3y K 4 iU EL, BT PIRM T RV T B TSRARIEEL AR BT A A
FAFET, RE P R Al 3R A — 2, #OR =AM RR, HONIESZIE. AIJT R KR i sh & B8], o]
LA 2] A FHIIEE 200 290 V, B2k [ Bl 32905 502 V, I R 2178 355 V, #3380 V AUE(H
T AL AT H 3 IR UAIUE S AR 2SR

350 —— BAH
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Figure 3. Scheme 1
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Figure 4. Scheme 2
B4 AR

1P 5 BRI T LA H PR SR 2E 75 58 1 BB i S O Pl RIE IR, R ALY
T TSR, S0 TRt B . 7 R MRS IRE L 05 T, /MFIT R MR
6, Hrs EEELrEafE i thZir T —. WENSEMWEAEST, BE06T A, 2T
il 1 S U AR AR, SR R R AR A2 R U i 7 B it o

I &) 6 DB AT LU P A7 58 1 BB 2030 2 WO THEOR IO AIUE F4E 0.96 Nm, 7 S — ML
A2y 1.09 Nm, L5 58— B Hp LSt AR (ER X T PR RE KR L BT R UL, AR A A
F RN FEAN M LR (R DG B R, (A R R 2> A B ML AR RSB AT, BB sl, Sl e plis AT A
FasE, MIEL 7 WHEEAEEREL, P IR R T 0, Ui A B, BT SR I A R e i
NEREEUN, ZREFEBT R - EEE.
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Figure 5. Air-gap magnetic density diagram
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Figure 6. Load torque diagram
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Figure 7. Cogging torque diagram
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ME 8. K 9 BRI MR 7 TR LN AR . TR RmRENER T EL,
9 88.6°C, JkHiA RN 84.7°C, T T5 58 — Hr X P BB AN I (K BZ 73 9 89.4°C il 85.5°C, i FEAR
R, HeRWERE, HARAER, WIS R LR A B X NMIR S AR T AR R
JEREESR, MRIASREIRRL, AL DUERIZAT . SRALms O iR 2 b P DR BEAIS, X2 Hh TR M o
BERGAAT R, OO, MUSed b i WA o L AR E > G, BRI B .

8. HR—

Figure 9. Scheme 2
Eo FERZ

3.3. EHHER

G U TG, AREBLE TR . 810 AT IR SR, TUEN, 4k
HOEATH B, EMLIO R R TAER RS T, BE TS IRCRE 5 96.20%, Hrd kT 97%RX [l
S EEIAF] 8.15%, AT 95%E X ] i L A A B 52.6%L b, 3% 7 W e B H LA TAE VR B s 4 T LA
W R EER
4, &g

RSO EE ey 120,000 r/min. BUE DIE Y 12 kKW R TSR} LT A FE AL A 20 =R ik
BRI 2D B HLEEAT B0t o XEASFDE T4 SR LS s s LE o #r, e R e 745, € TAPRHE N
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Figure 10. Cloud map of motor efficiency
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