®ERMNZE R

Journal of Deep Space Exploration

FoLHE2M
201944 H

Vol. 6 No.2
April 2019

H A RSN E SRS BT EAR IR

IRUES, A F, #HES
QL ER2ERE E R0, JE5E 1001905
2. R ERHE R RS ROCSEMAERESERE, J6a 100049)

OB TR TEIR MG RIS TR R RS R R T Tk, B BRI M T O A T
B w7 Ba P 5 EE AN K0t B i RCR s . B FCAE SRR W] B OB BEREAI B BL 434K B4 RERIBE BL — €I, 1Y
I 5L B LU I )5 LA G W T R B 8, i s XA B 7 bR X o DR P B2 20
WS A TR B 47 R B i, RE W of St TR AR = A 2k e B i 90% F) i BB T«

KEER: WEFN: SRS IR B3R

FESES: 04, V4 SCERFRIRAD: A

DOI:10.15982/j.issn.2095-7777.2019.02.008

SIRME: KU, WiE, EEM . RRSRNE 330 b SR FEI]. IR BRI 4, 2019,
6 (2): 165-172.

Reference format: CAIM H, YANG T, HAN J W. Study of active magnetic radiation shielding technology for
manned deep space exploration[J]. Journal of Deep Space Exploration, 2019, 6 (2): 165-172.

NEHS:2095-7777(2019)02-0165-08

51 &

o1 AE T H AR A e A B R R R a
ST BN TR TRAT 0 200 [T 0 4 02 AR i R Y — AN B ]
e T ER D P K BRI I R E R, BN S
A7 RO R DR T8 A8 R R A S ) 2 U TR ek ) 3
fire 2012—2013 4, SCEEZHEM KR (National
Aeronautics and Space Administration, NASA) “¥#f#F
57 RS VAL BRI G AR 5 IR W PSR R AR S
FIEE KL 79 1.84 mSv, 17 H. 95% % 5 771 5 kU5 T4
VT HF 28 (Galactic Cosmic Rays, GCR). [, X
T2 500 R AT 1k KB R IS )R 2 SRR AT 55 18
52 1) GCR A& S 75 =ik 940 mSv, Wi E 8 5 & 1K
FH R 7344 (Solar Proton Events, SPE) Il AJ £ fH i}
[E] I F 1000 mSv %R S 51 . 56 4@ S B 4 5 0
BERASIE, B2 E 55 AN € 1
7 (B SAE P EUEAE . AR O L T
TH AN E T, NASA - UCEAE A 95% TS L T
Ao 50 e RS /N T 3% (15 R PR A 2 150 mSvi. A
e, AT TE] A BN TR A RAT HTOR D A8 P 4 S RS
A, AT HA VR BT BRI

IR VAT 5 1 RN K BH 5 17 ZbE 1 e B A GeVin,

Wk H i 2018-10-17 &I H: 2018-12-30

FEAL G T LA sl B w7 sUAR AR, aUIRE
KRN £ Bl . BT, E PR IR
AR R MR ANUR E BB I5E EZAG TP
LB TRP B i), F R B T R L
Xy FERE 7 A T, 2 SR B RUBR [ 5 4 S 5
ZERGERS], T EAE A XA R AR BUR B 7% 5
SER TR B e i A8 A RTINS DLHE R
SR ME T, JRAER I XA B S s Rk
PRSI HEANBT 71X s B B4 7 T8 AR 24 70 % i
R i e (L TE IR BB X, 0 NETR SR
AL R

FAE 1961 4, &= % R & Mgl 1 A T
LR AT FR A BT K S B s 1961 —1969 4F ], NASA
MEE T ZETFIE T — RIS 5mii47 L 80 Bs
PRI, HBTRERIE. BISEAREEMIER,
Wi F P9 E TR E— B TR A B i
104K, Mi% S S (High Temperature Supercon-
ductor, HTS) HEA K HE A AT R34 71 ) 52t A
1335 EEh B 97 O AT RE ;s 2005 48, 3 [ Rk A4S LT
S AR 3 T ] 2R v B (3R T T A 4 B A 5 4 A
18, A RS R R PR, TR RCRAT B A
R IRV 5K S A 3 0T 5% e B2 22 W) i BERE 1 RO S T

EETIH: R HRBEA LB BN (Z181100002918004);  H FE R} e s kS SR L0 (A2 BHIWIH (XDA17010301)



166 DR TRI 4R

2019 4F

FE; 20114, BR2SJRHE H 2 PSR iE 45 M w3 Bt i
. 20144, NASA KAG 1 HOfriiis E3h i3 HoR
i
Shielding Study, MAARS), REiiE 1 FIFH HTS #
ARSI T F BB (T AT AR 0131,

g BRTR, Wi £ B BRI AR R AR R
M EERNFURAT B R AT 23 (48 S B3 () — A 2y
[N @ L2 S =R VAT 7 B = BL RS h o ST R PR VA
— M E B BRI W i, RS T BB
NG A S5 BETT, B Fess Rl AR E R 8RN
RARIMATE S5 o IRUR VR S B4 o e 555

1 #IAENFREIER TR

1.1 FE3pEDNRREIE
T BE T HERL 1 1E B Wi ik 3y i 8h 3 B2 A8 26 7
ER, Wl ZARSHAERRLIRI5em, IR TFEN

(Magnet Architectures and Active Radiation

m%=quB @)
dr

=— 2

Y= (@)

Hrbe omy g vl 23 5 R UKL (AR I8 5T &
WHEE. BEEMNE; BN r W
.

DR 52 B 2R RE B, 7 2275 BB A T IR RIS
TEWRACZEIVERTR iy FORLF7E BT michd 32 vh 1) i e
EBr N,

ry =ymyv./(gB) (3)
Hof: y NIBERER T my ARFE LR E; v, =
vsing; O KL NS 7 0] v 5 BE dictit ) B ()% A

LRRMRA R E AL, ML= 2r, B, AR T

WewaBEM, WA BER SR NF TR HL<

2r, W), HUE o R T WG BE WL, #5 %€ GCR/
SPE f& ik ) B i RCR B T BEMciE A i B . Bt Wikt
SEFERRLFEhRE— e, WTEFPHRZ=200%,
A KB, BRI R AR L RE A . HA
2, DAH ATHe 7o 3= AR ML AL GCR/SPE Fi .
1.2 AR L RNRE

LB B NG RT3 I 5RO 3% Bk B 4 X A
BN BT RN RIBEE, ShEMMAMEA . N
TR B AL SR S BRI K SR MR R,
KA ELR (B RFMnsi, Wkl
Fras, BN RER RO R ER, DNEEE AN
Bidr X CZARPIXD), K/ R AA 2 7] 9 1 3% Bt il
X (R RLT) . HEAS 5 K 1 o AR A iy 5 X, [
FRNIRIX o e B X RGN 50, Bl X Ak
W3 %= .

1 LR B R
Fig. 1 Linear magnetic field configuration

1.3 FERREMBFGRKAE

X FIE PR B 2R B R A Y, ity 5 DX Ha
KL F i A R, R T i MR DX A0 T\ 5 )
Wiy AT BIANE BE Rk Z 8 B. L N HH He
W E AR R B RE, IR 1~2 fiR . TERGNIEE
BLAHFERITESL T, HOKH3E B, Bkt &,
BB AR T 4F

1 HBUEFNEE(GeV/n)
Table 1 Cutoff energy of proton

L/m
B/IT
1 2 3 4 5 6 7 8 9 10
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1 0.038 0.125 0.236 0.361 0.494 0.632 0.773 0915 1.060 1.205
2 0.144 0.432 0.758 1.090 1.421 1.749 2.073 2394 2.712 3.028
3 0301 0.830 1.380 1.918 2.442 2.954 3.455 3.949 4.436 4918
4 0.492 1.269 2.040 2.779 3.492 4.184 4.861 5.525 6.180 6.827
5 0.705 1.730 2.717 3.655 4.555 5.426 6.276 7.110 7.931 8.742
6 0.933 2.203 3.404 4.538 5.624 6.674 7.697 8.700 9.687 10.662
7 1.170 2.683 4.096 5.426 6.697 7.924 9.120 10.292 11.445 12.583
8 1.415 3.167 4.792 6.317 7.772 9.177 10.545 11.886 13.205 14.506
9 1.665 3.655 5.490 7.209 8.849 10.431 11.972 13.481 14.965 16.430
10 1.918 4.145 6.190 8.103 9.927 11.687 13.399 15.076 16.726 18.355
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Table 2 Cutoff energy of He
L/m
B/IT
1 2 3 4 5 6 7 8 9 10
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1 0.010 0.033 0.065 0.103 0.146 0.193 0.243 0.296 0.351 0.409
2 0.038 0.125 0.238 0.363 0.496 0.634 0.776 0.919 1.063 1.209
3 0.084 0.264 0.479 0.708 0.940 1.174 1.408 1.641 1.873 2.105
4 0.145 0.434 0.761 1.094 1.425 1.753 2.077 2.399 2.717 3.033
5 0.218 0.626 1.065 1.502 1.930 2.351 2.764 3.172 3.576 3.975
6 0.302 0.833 1.384 1.922 2.447 2.959 3.460 3.954 4.442 4.924
7 0.395 1.050 1.711 2.351 2.970 3.572 4.162 4.741 5312 5.877
8 0.494 1.273 2.044 2.784 3.497 4.190 4.867 5.531 6.186 6.833
9 0.599 1.502 2.382 3.221 4.028 4.810 5.574 6.323 7.061 7.790
10 0.708 1.734 2.722 3.660 4.560 5.432 6.282 7.116 7.938 8.749
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Fig. 2 The relationship between cutoff energy and throwing
angle in infinite magnetic field
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Fig. 3  The relationship between cutoff energy and throwing
angle in finite magnetic field
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Fig. 4 Random distribution of spherical surface
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Fig. 8 The shielding efficiency of finite magnetic field to He
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Table 3  Shielding magnetic field configuration
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Fig. 10 The shielding efficiency to proton of different
magnetic field configuration
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Study of Active Magnetic Radiation Shielding Technology for
Manned Deep Space Exploration

CAI Minghui'?, YANG Tao', HAN Jianwei'"?

(1. National Space Science Center, Chinese Academy of Sciences, Beijing 100190, China;
2. School of Astronomy and Space Science, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Based on the single particle orbital theory and Monte Carlo method, an active shielding analysis method of
magnetic field is established. The influences of shielding magnetic field intensity, thickness and structure on shielding effect are
analyzed for ideal magnetic field configuration. The results show that the shielding efficiency increases with the magnetic stiffness
BL. When the magnetic stiffness BL is constant, increasing the magnetic field intensity B is more effective than increasing the
magnetic field thickness L. For the finite shielding magnetic field configuration, intensified protection is required for the end cover
area. The linear shielding magnetic field configurations in the barrel area and the end cover area have the best shielding
performance, and can shield 90% of the typical galactic cosmic ray energy spectrum.

Key words: deep space exploration; space radiation; astronauts; active shielding

High lights:

® A new method of active magnetic shielding protection analysis is established based on single particle orbital theory and

Monte Carlo method. The method has the advantages of accurate calculation results and fast calculation speed.

® The results show that the shielding efficiency increases with the increase of magnetic stiffness BL, and when the magnetic

stiffness BL is constant, increasing magnetic field intensity B is more effective than increasing magnetic field thickness L. The

results can effectively guide the design of magnetic field protection.

® The shielding effects of different magnetic field configurations are compared and studied, which will be useful for the

follow-up engineering implementation.
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