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Development of Approximate Calculation Model
for Space Radiation Shielding
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Abstract

In this study, approximate calculation code system for space radiation shielding for LEO
satellite was developed by using code CHARGE with SHELLIG and RADBELT code, which
predict space radiation spectrum at the satellite orbit. This calculation system was verified by
LCS(LAHET Code System) using Monte Carlo method and SPACE_RADIATION. As a result
of verification, it was found that SHELLIG-RADBELT-CHARGE system is suitable for space
radiation shielding calculation. However it was found that modification and improvement are
needed in proton cross section evaluation and secondary particle analysis. For an accurate
calculation of neutron, new approximate calculation model, CHARGE-ANISN, was developed.
The calculation of Neutron production from protons was performed by ANISN code. It was

known that CHARGE code has overestimated in neutron dose calculation.
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3.1.1 FAA AR mal

CHARGE® A 9] dose rate < o}a]e] 2] 13} o] 3l Xt}
_ dE
Dose rate = C [dE N(E) S R(E, dX)

where C : Dose conversion constant
dE/dX : Energy loss rate D
R : Quality factor
N(E) : Flux at the dose point
$ A 194 NE)= ¥A4A fluxE YER =8 CHARGEAN A = 9] fluxe v sk ALt
Ao ols] A AAkE o] H )
O(E) = 0y(E) xe ="

where @y (E) : Incident proton flux
ZR : Proton removal cross — section
: Thickness
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dX - mz)2 NB (—l 3)
where e : electronic charge

m : electronic mass

z : charge of the incident particle, unit of e
v : velocity of the incident particle

N : density of stopping atoms

B : stopping number
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Goep= 7R’ (27%)2 (1- %) (K,R)"#

2.52875 —3.90389 (142K ,R)exp(—2K,R)
2(K,R)*

(2 4)

x[1.31212— ]

where K, : An attenuation coefficient for proton

R : Nuclear radius( 1.292A"% %10 % cm )
V : Coulomb barrier ( 1.44 x 10 " Z/R MeV )
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2(K,R)?
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where K, : An attenuation coefficient for neutron
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where @y (E) : Incident neutron flux
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t : Thickness
Al LS FAAD ATE AN DA E REAL ol 23 Asfel,

123} 2& F4944e AgakE ANISN®S CHARGESH o ’5‘}04 S Al g AHAIRE



Q- vUr,2E) + 0.(r,E)¥(r,2,E)

oo 1
=f0 dE'f_ld.Q'[x(E)uaf(r,E') + 0.(r, @~ QE—E)¥r, Q,E) + Q(r,2,E) (4 12)
where  @(r,x«,E) : directional flux density
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Perigee height 1306.1 km
Apogee height 1326.0 km
Inclination 66.08 °

¥ 2 CHARGE® SPACE RADIATION®] H|ul AAHZ 3}

HAEF7] 111.98+

CHARGE A2 | 252 rad (= 5 [T o (Dose rate) i

SPACE_RADIATION

= >< : X .
A AT 2.43 rad (= 1.3 rad/hr 111.98 min hr/60min)

S = 3.7%

3 3 CHARGEAAE 94

point 1A 9= A= point A A= A=
1 1306.1 0 0 21 1326 0 165.96
2 1306.22 8.24 2.98 22 1325.88 -8.2 168.93
3 1306.59 16.45 6.12 23 132551 -16.37 172.05
4 1307.19 24.58 9.6 24 1324.92 -24.46 1755
5 1308 32.58 13.66 25 1324.1 -32.42 179.52
6 1309.02 40.36 18.63 26 1323.09 -40.18 -175.55
7 1310.21 47.79 25.06 27 1321.91 -47.6 -169.19
8 1311.54 54.63 33.76 28 1320.58 -54.44 -160.6
9 1312.99 60.47 4591 29 1319.14 -60.31 -148.59
10 1314.51 64.58 62.67 30 1317.62 -64.49 -132.01
11 1316.06 66.08 83.35 31 1316.06 -66.08 -111.42
12 1317.62 64.49 103.94 32 131451 -64.58 -90.74
13 1319.14 60.31 120.52 33 1312.99 -60.47 -73.98
14 1320.58 54.44 132.52 34 1311.54 -54.63 -61.83
15 1321.91 476 141.12 35 1310.21 -47.79 -53.13
16 1323.09 40.18 147.48 36 1309.02 -40.36 -46.71
17 1324.1 32.42 152.41 37 1308 -32.58 -41.73
18 1324.92 24.46 156.43 38 1307.19 -24.58 -37.67
19 132551 16.37 159.88 39 1306.59 -16.45 -34.19

1325.88 8.2 163 40 1306.22 -8.24 -31.05
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