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Study on Mechanical Strength of Permanent Magnet
for Super High—speed Air Compressor in Fuel Cell Vehicle
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Abstract: Aiming at the centrifugal tensile stress failure of permanent magnets on the rotor for super high—speed
air compressor in high—power fuel cell system, the magnitude of interference between the sleeve and the permanent
magnet as well as the stress at the rated speed are calculated by the analytical method. Then, a two—dimensional ax—
isymmetric model was established by the finite element method to calculate the stress distribution, and the accuracy of
the analytical method and the finite element method was compared. Furthermore, the influence of temperature rise and
sleeve material on stress is studied based on the finite element method. The results show that the calculations of the
two methods differ no more than 2.5%. Among the influencing factors, both the rotational speed and the temperature
rise cause a significant increase in the stress of the permanent magnet, and it is necessary to increase the interference
in order to provide protection for the permanent magnet. Additionally, the carbon fiber sleeve can reduce the stress of

the permanent magnet by at least 42.1% when compared with the alloy sleeve, and the effect is particularly obvious
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under high temperature conditions. Therefore, reducing the rotating speed, increasing the assembly interference and
improving rotor cooling can effectively optimize the structural strength, and the composite material sleeve is more suit—

able for protecting permanent magnets than the steel sleeve.

Key words:fuel cell vehicle; air compressors ; permanent magnet ; interference fit; strength analysis

PR E 3 K SIHIL AR GEiE & I T AR TR Ry e B A
2x10° Pa B!, #HICAF o R B s P RE S Bl T
YERE B3R Tt, (A2 #ad 2 x 10° Pa J&,
H LT B A B2 T B S 9%, [RIh e 22 4 S FF A 35
H Al e w R Bt R T AER JIHE 2 % 10° Pa
AEATPL SRR L SR G A TR AL DIRE (7 48 A4l
IR S 90% , 29 K% D132/ 13% , AR 4 &
e BRI 16%P. 78 RALVE S R G AL O 12
BRRLH I R GE IR T R LM R B RERE, HZi G
PEREXT A BRI & ShHL R G 5 TR Gk
SEPERE . PR A 9 ] S FLA AR 1 s AR g A
B Y HTORL L R SR & R ) — A EL A

TEL TP IR, B0 RALAE D R %
JE RCEFINE RS S5 T A AR AR, NS T
SR AHVC R LA SEHE R R 0y R, B R R
SR R JR B R Iy . i A R B FR L R
= IARBUIN B A LR S5 TR B AL S, UGS
Fa g s Al PR 42 F s il s R L. H AT — ek
o AR FEL LA Ry s FEAILR SR B R AL, Hoih S DAk
W fe R iz . 2R s =X R AR R F L —
FH Al R I L R OR3P = AR BE I A, AL
()4 TR AE B AR AR (1 DL 5 5 SR E H, 7E
PR AR RURAS A5 L, BB R H R
AL LA IR R Tt P S TR S 2 A 1
B, RIRH s Ak k. H A i —
METE 5 x 10* ~ 1.5 x 10° t/min LA /& 30~100 kW 72
AR H L 2 S 28 SR R R 9 g 3 T4
I Clarity SV R I 4 A P G Ha il e 3 R 2
JEHLA R B 300 1 x 10° o/min, AEIRAE 103 W H9H%
K TR R ML R S AR — AR ok
Tl 4 B BRI T s A AR b b L S5 A R 1
H AT DR SZAR KRN 1 (297 1 000 MPa) , {HFt 7
PERERS 22 (A 80 MPa. U1 A R IBUA S AR #5 it

KGN TCTE AR 1 R 6] BT ™ A ) B RS
A3, DT 2 A Wi SRR R0, DRI 2 5 A 45 4 5 SR
Ze AR R b s MU 7B P i S R A S B )
Mz —.

R 7 A K AR NS B B S 4P
B DA B9 73 55 8 Lo 7 AT )y Ok f
UELSHERIE , R AR 2 AR SR I
BB OMBRET - S A M RHTBIE. 5K R PR I P I
HIFTE R HHBIRET 2 A 50 EE SRR ] s I 7 114 )5
JEHT/IN, AR A AR R il S, AR
ML PERE. SRR T SF IR I R BB 2 e B
AL 2 A Rk REOL T A AR, 3h Ak
MR, SRS IEST T AL R bR R K 2 B
TS KR A T ERBYFEIR , 48 T AR AL
BBt s AR — IS R R B a3 M
AP E I SF R ST REIR THER PSR, il £t 4E
BRI AR B R, BRI BIPTTE T E A
FERSRE T ZER5R E A, S5 R RWIIR TS I 7 1Y
MG 5 TG, BT AR N R,

MARIEZS FRALIEH T | Sty 3 5 n] Sk iz
FIRSEVER AL A, R e id s I WLEE 145 R PR
T3 BRI AT TR+ i . AT T
¥ AEf 1L FAVSUE TARRE E PR T 00 AS R 4207
BN ST, L TR R AN T 52 0 T R (B
AL LA N, A BT I3 8 EOR. i T Kk
RGURRE AR SR AB BT RE 422, KRG FIIRIP
ZIAIR] DR B BRI BC &, SR AR S
AR 32— 58 WY TR I 31, DLER 43 558 4 HR e
B0 T BB R0 . B b IR SE PR e i
BRIV EREISN, B0 7155 TR 17
BAE L, 551 i Al by ik A 5 I S, IR AR SC
L A FET HR T I R R



54 PN == (G SRR Y

2021 4F

HIRBRE

il

1 3&

K BEAR AP 22 8] AT LR P 2o 8 e AR A
A TR B AT A I BE AR S — RE R TR N T, 2o 2
YR/ AT S AT SR R ARTE AR )5 2
R T 108 Sk IR A i, S
R E P ENR I IMEK . KRR M N
WA 1) 0 A7 A B R E R ST T ik, 2
W FP B R G ATl ) B I RE AR AR, JEEE R A
PIASJCRRAC S BE R 7 (] )i R e &, R RS T7
FEHEAT AT, 55 MK RG-S I B 4k RO n e 1
P,

PE KEER Rk

2¢
12b
l 2a

B 1 #Feikmiks pEsmRT

Fig.1 Size of permanent magnet and sleeve
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Tab.1 Material properties of sleeve and permanent magnet
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Fig.2 Theoretical method for calculating the interference

between the sleeve and permanent magnet
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Fig.3 Two—dimensional axisymmetric model
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Fig.4 Constraint of two—dimensional axisymmetric model
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Fig.5 Stress contour of sleeve and

permanent magnets at 8x10* r/min(unit: Pa)
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permanent magnets at 0 r/min(unit: Pa)
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Tab.3 Material properties of sleeve
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Tab.4 Structural strength at different
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Fig.7 Equivalent stress of sleeve and tensile stress of permanent

magnets at 8 x 10* r/min and 100 °C(carbon fiber sleeve , unit: Pa)
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Tab.5 Effect of temperature rise on stress
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80 54.2 98.9 414 399 259 132

100 56.8 105.0 429 409 25.1 115
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Fig.9 Max tensile stress of permanent magnets and

temperature rise relation curves
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