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Design and Research of a Magnetic Shield for Turbo-Molecular Pump under
Strong Stray Magnetic Field

ZHU Xiaofeng', ZHANG Suping, GUAN Leilei, PAN Gaofeng, WANG Shenglong, ZHANG Tianjue
(Research and Design Center of Cyclotron, China Institute of Atomic Energy, Beijing 102413, China)

Abstract Currently, a 230 MeV superconducting cyclotron is under development at China Institute of Atom-
ic Energy. The superconducting main magnet of this cyclotron is optimized to be ultra-compact to be installed in the
hospital, thus inevitably has larger magnetic leakage at the turbo pump installation ports, where the magnetic flux
density reaches 1000 Gauss, which is 20 times larger than the turbo pump’s safe operation limit (within 50 Gs).
This may further cause the malfunction of the turbo pumps. To solve this problem, a sophisticated magnetic shield-
ing is designed using a 3D FEM model. Then a careful measurement of the magnetic flux density after shielding is
performed, and the results show that the residual field within the shielding is limited below 50 Gauss. Further moni-
toring of the turbo pump operation parameters, like the driving current, the temperature of the turbo bearing, etc.,
show a good agreement with the non-magnetic working condition.
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Fig.1 (a) and (b) are the 3D scheme of the cyclotron and the schematic diagram of the vacuum system
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Fig.2  Stray magnetic fields around the cyclotron
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(a) the structure ofopenedPort magnetic shield

FE A1 e A A BR OO B R

DR T SRR A0 AR R R AR B A A E SCRATR
TN SEGHATIR : B d, KB LT TAE R
1, 0K 4(a).

x10* :
2. The B-H curve of DT4 material
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Fig.3 The BH curve of DT4 mild steel
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Tab.1 The structure parameters of turbo-molecular pump
H A% d/mm K I/mm KB L /mm
225 317 201
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(b) the structureofclosed Port magnetic shield

TE:TMP: 43 T2 GV - i BLAS I A s MS : W B i 1
4 TR RUAR ST
Fig.4 The structure of TMP magnetic shield



% o12

RIEEE 45 BT 5

W T > ¥R AR BT ST

1133

LR 75 T B i A 42 2 s ] LA e B A A R
BERVEOR , Jr 7 SR HE R KV Ve 2007 2, i B A

R T E4(b) P s 1 RY S5 2, 78 HOR

THA HIRAAL AT AEE L KB AL,

3 wEHRENARTHETE

T E 1 R R i A5 A8 1 3, SR A BROT T 12
AT 5 EO S AL AL B B A A a5 M S8, H 57
WA B I G375/ T 50 Gs, il /24 F 3 IE H 8 4T

FF

P YA

¥t 73 51)

S TG W VR ) G DR OB RE R 25 H 2 80, F2
LR L TR R R N AR R VK L, JREE

200}
150 | [—
100 ==

50

ylem
(=)

50}
-100 |
-150 |
200}

200 ¢
150
100
50+

ylem

50+
-100
-150
-200 |

Distribution of residual magnetic
field inside magnetic shield /Gs

050 100 150 200 250 300 350 400 450 500
x/cm
(a)wallthickness 5 mm

Distribution of residual magnetic
field inside magnetic shield /Gs

050 100 150 200 250 300 350 400 450 500

x/cm
(¢) wall thickness 15 mm

&5

ho ZERANKER KELYS S TEKRSF Nk
0 18 22 %6 25 A1 A %, T U8 Y A /N, D R AR Ak
Xof T J5 A S5 5 R o 5 /N DR i E T
WARAS RS BE hAE Ry EARACSHL, HAE BT ik £
DT4 IR AR AE A 1 5 A 0 b R, JHE B—H il 48 DL 1&]
3, P08 AR 3 BTG PR AR B4 O 1), I 5
FEFATH 1000 Gs, #ATA BRICOT BT . Al
T4 R I BE Rl 5,10, 15,20 mm, 45 B4 & 5
B o MRS AT, 5,10, 15 mm A RS 5H A AN
KT 50 Gs, 20 mm Ji FIRE 5 AR P 3B T R /)N
T50 Gs, i B T s T IR BE G0 FEEE K

Distribution of residual magnetic
field inside magnetic shield /Gs

-200 200 1 200
2300 150 1 100
0
- 100
400 -100
-500 c Sor 200
-600 2 Oy -300
-700 =307 -400
-100 -500
-800
-150+ -600
-900 00l 700
-1000 e -800
0 50 100 150 200 250 300 350 400 450 500
x/cm
(b)wallthickness 10 mm
Distribution of residual magnetic
field inside magnetic shield /Gs
100 . — 100
200 t
0 150 50
100 100 + 0
50t
200 5 o 50
=
501
-300
100l 100
-400 -150 ¢ 150
=200 t
T -200
0 50 100 150 200 250 300 350 400 450 500
x/cm
(d) wall thickness 20 mm
TG N FR G 37 534

Fig.5 Magnetic field map inside magnetic shield
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(a) the mapof the magnetic field parallel
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(b) the map of the magnetic field vertical
to the axis of the magnetic shield
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Fig.6 Magnetic field on the internal interface of the magnetic shield

4  LIHMHK

O F RIS T BT R B8RRI
R A HURE (4825 1), L 8 K/ N a4 15
B EL I AR R L LS B IR R DA R N s e (1]
SERFAEEL AT RAE o o e 02 i B R AE A,
FL L5 B 3 2 B I AR S 5 il R IR B S R AE s A
52 IS 4 00 15 A 1 T st i Sl R TR A R
N 5 LA FRAE 43 T 50 A5 A ) il A 5
TR R RAEFE 7 VI E G 7 1 W T B RLRK
N7, I B (] 2 AR H TS A8 2% 077 AR UM
PRAESE I ML st (1] o PR e 7R AR S v, AR S
TSR B SR RN ¥ AT I T R AR PN 1Y
ol 175 D0, LA B AR IO A2 B 40k o e A ) 45 B35
5, Y90 o F R IEW BT SRR FERFER
B RGBT L 40 0 & o TSR AR O
Y T B R R LA B R R i e A
V), 565 I I G A ) 55
4.1 HREHEFRENE

W40 F S HE R R 22 2 7E 230 MeV 8- 5 [RIHE NN
SO I AT VR NS R N S S 2 8 7B
B[ R R R P, NS T A R R
B, R TR R BN 1 E A7 1 5 Wi 1A P 358 1 47
&0 T IR B /NTF 50 Gs, BB RO RE = T
25 dB. HF S BRml B A SR AL S i 2,
SR = T B . T LR 4(b)
I AARTE B A5 R, PSR ) 5 25 A 2 2 TR

R2 WL N AR

Tab.2 Magnetic fields inside the magnetic shield
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