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Development Status and Prospects of High — T,

Superconducting Magnetic Bearing
XU Jimin, ZHANG Fei, JIN Yingze, ZHANG Fan, YUAN Xiaoyang

(Key Laboratory of Education Ministry for Modern Design and Rotor — Bearing System,
Xi’ an Jiaotong University, Xi’an 710049, China)

Abstract: Pinning effect of flux in type I high temperature superconductor ( HTS) can make superconductor be stably
suspended in external magnetic field without active controlling. By adopting this passive self — stability, high temperature

superconducting magnetic bearing (HTSMB) can realize the high speed relative motion between parts without mechanical
friction. HTSMB has been demonstrated fascinating application prospects in rotating machinery, flywheel energy storage

system, transportation system, and so on. During the past years, the development of HTSMB has made remarkable achievements
worldwide. Design ideas, structures and application environments of HTSMB have been expanded accordingly. This paper
summarizes typical HISMB prototypes from the perspective of structural features. A kind of superconducting compound

bearing proposed by Xi’” an Jiaotong University and its application scheme in liquid rocket are introduced specially. This

novel bearing is a combination of HTSMB and fluid film bearing. Based on the development status, issues to be studied and
application prospects of HTSMB are discussed. This paper points out that HTSMB should be developed to compound bearing
to advance the application process.

Key words: pinning; passive self — stability; HTSMB; development status; application prospects.
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Fig. 1 Schematic of axial — type SMB (a) and radial — type SMB (b) [?]
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Table 1  Structure and performance of axial — type and radial -
type SMB
ITtems Axial — type SMB Radial — type SMB

Planar structure, Cylindrical structure,
Structural features

extended — type compact — type

Shape of Bulk Arcuate
superconductors
Stiffness About 100 N/mm About 1000 N/mm

Rotational speed About 100 krpm About 10 krpm

2.2.1 #hé# SMB

M)A SMB RYS5H T BRI IR RLAR, AEALAY B
AR SRR, o DL SE k2 B 5 B 5T S 5 5 R G
HIRRENLIR HAC R E Y, ik 2 BRI E 7
AT 7SI YCR YBCO St PR ming, St iy 4k
36 mm, JEF 4.5 mm, f3R#4E 3900 ~4600 Gs (77 k),
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i RE f7 S

2 WG LS 3 A DR ARERR, KPR
A% 1) W Ak 04 7K R S B B 42 T g, R — b R O A
(FS) v, EPYHLZGH N 5 R 2= 58 T — Pl 1] 14 1k
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B2 J# SMB RET (a) FEET (b))
Fig.2 Stator (a) and rotor (b) of Boeing SMB[?*]
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Fig.3 Axial — magnetization type permanent rotor stator %)
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Fig. 5 Double — axial superconducting bearing prototype!?*
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Fig. 6 A novel fully superconducting radial — type SMB in Cambridge
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SMB JE—AMEBHJE R 40, SLHRMRAL, % 722 SMB
TR S AL T, ankiefinae. UREYS. FLHE
= SMB RGERBILE BRI, i HWUR) 58 i Heeamie HH.
ARAFRPIERE S . ALK SMB 5 PMB (S
EIRK) o AMB (FEEEEIRHIRK) MG, TEAETIR
AHESR RS, DRl R RS AR R

H 7k Komori 25 fE T 2AMB + 2SMB #E AL, 42 iy
SMB {7 S LS 1, AMB FHLUE R RIEE MR 3h .
M R ] 5 63000 rpm, 2 M ARSN/NF 30 wm, Murakami
SEHRHL T —Ff PMB + SMB 2419 KERHERE RS, wnlal 8
FiR. ZRGEAEARE 10.6 J, Al ik 5000 rpm.,

/ Vacuum chamber

- PMB
|~ Rotor

L— Displacement sensor
L~ Motor
L~ Flywheel

_~ Displacement sensor

L~
1
]
1
1
o
| L~ SMB

L —+— Positioning mechanism

Vacuum pump

—~Cold stage

18 PMB+SMB 414 khehfe R4
Fig. 8 Flywheel energy storage system using PMB and SMB[*]
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Fig. 9 Structural diagram of axial — type (a) and radial — type (b) superconducting compound bearing

[44]



326 Hh A e ik

5536 &

KGR I DL VRS GEAA AR A o, AR
RBETMIZ97 70 K A1 30 K, R iR A A R AF . L
SNBAARRREME Do 1 A 5L, A6 S PUAS 4 ) B2 [P
BRLIRER . BT, xRRSCBL 1 50715 3 i
MG o ARG T BRAIEAE KRS (5 I BOC e b B 4 (i
), BRI AT RIS E B A TR B R R BE 2R

P 10 S R 5 b R R I e 2R P B 15 D7

F,

-—

Bi-directional HTS compound bearings
__________ i |

Fy
-

Impeller groups

Ho HR T R GOR A8 B, RIIE#IRES TP
W2 BV ) FOR TR ) FL 50500 Fo2 /. (R
T HRHER SRR, A R (5 g),
A 7 ANBE X A hok A, X1 A 7 AR ) il R g
Bty LIRS BUHERE I 32 b 2R Bl 1) SR ] — A XL 4 )
PR AR, AR E R 2 M B SRR R S
B, AR A URREE SR AT Sl R

Fy

—

Balance components

I 1
I 1
I 1
L L N

___________

Radial-type superconducting

Permanent magnet

tilting-pad bearing

P10 L A R AE T e A R A

Fig. 10 Application scheme of superconducting compound bearing in rocket engine
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